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[bookmark: c2tope]Foreword
The role of the Radiocommunication Sector is to ensure the rational, equitable, efficient and economical use of the radio-frequency spectrum by all radiocommunication services, including satellite services, and carry out studies without limit of frequency range on the basis of which Recommendations are adopted.
The regulatory and policy functions of the Radiocommunication Sector are performed by World and Regional Radiocommunication Conferences and Radiocommunication Assemblies supported by Study Groups.

[bookmark: _Toc374520810]Policy on Intellectual Property Right (IPR)
ITU-R policy on IPR is described in the Common Patent Policy for ITU-T/ITU-R/ISO/IEC referenced in Annex 1 of Resolution ITU-R 1. Forms to be used for the submission of patent statements and licensing declarations by patent holders are available from http://www.itu.int/ITU-R/go/patents/en where the Guidelines for Implementation of the Common Patent Policy for ITUT/ITUR/ISO/IEC and the ITU-R patent information database can also be found. 
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[bookmark: _Toc355260985][bookmark: _Toc374520811]1	Introduction
International Mobile Telecommunications-Advanced (IMT-Advanced) systems are mobile service systems that include the new capabilities of IMT that go beyond those of IMT-2000. Such systems provide access to a wide range of telecommunication services, including advanced mobile services supported by mobile and fixed networks, which are increasingly packet-based.
IMT-Advanced systems support low to high mobility applications and a wide range of data rates in accordance with user and service demands in multiple user environments. IMT-Advanced also has capabilities for high-quality multimedia applications within a wide range of services and platforms anywhere, providing a significant improvement in performance and quality of service.
The key features of IMT-Advanced are:
–	a high degree of commonality of functionality worldwide while retaining the flexibility to support a wide range of services and applications in a cost efficient manner;
–	compatibility of services within IMT and with fixed networks;
–	capability of interworking with other radio access systems;
–	high-quality mobile services;
–	user equipment suitable for worldwide use;
–	user-friendly applications, service and equipment;
–	worldwide roaming capability;
–	enhanced peak data rates (i.e. wideband) to support advanced services and applications.
These features enable IMT-Advanced to address evolving user needs.
The capabilities of IMT-Advanced systems are being continuously enhanced in line with user trends and technology developments.
The satellite component of IMT-Advanced will be an integral part of the future IMT infrastructure with the optimized service delivery.
Circular Letter 4/LCCE/102 was sent on November 2010 to invite the submission of proposals for candidate radio interface technologies for the satellite component of IMT-Advanced. The Radiocommunication Bureau established an “IMT-Advanced-Satellite” webpage (http://www.itu.int/ITU-R/go/rsg4-imt-adv-sat/) to facilitate the development of proposals and the work of the Evaluation Groups.
The submission and evaluation process for the IMT-Advanced satellite radio interface Recommendation is included in Document IMT-ADV-SAT/2(Rev.2) and is illustrated in Fig. A22, reproduced below for easy reference in understanding the steps of the IMT-Advanced satellite process. The requirements, evaluation criteria and submission templates for the development of the IMT-Advanced satellite radio interface are included in Report ITU-R M.2176. The requirements related to the technical performance for IMTAdvanced satellite radio interface(s) as well as the guidelines for the evaluation of satellite radio interface technologies for IMTAdvanced are also included in Report ITUR M.2176.
[bookmark: _Toc254701868][bookmark: _Toc257375444][bookmark: _Toc269478139][bookmark: _Toc269478540][bookmark: _Toc274204291][bookmark: _Toc274861532][bookmark: _Toc276718331][bookmark: _Toc280016859][bookmark: _Toc355260986]Figure A2-2
IMT-Advanced satellite component radio interface development process


[bookmark: _Toc374520812]2	Scope
This Report is the record of the work performed after receipt of the proposals for the IMTAdvanced satellite candidate RITs, including the evaluation activity and the consensus building. This Report contains the outcome and conclusions of Steps 4-7 of the IMTAdvanced satellite process. These steps correspond to:
–	Step 4: Evaluation of candidate RITs or SRITs by Evaluation Groups.
–	Step 5: Review and coordination of outside evaluation activities.
–	Step 6: Review to assess compliance with minimum requirements.
–	Step 7: Consideration of evaluation results, consensus building and decision.
The details of these steps are provided in Document IMT-ADV-SAT/2(Rev.2)[footnoteRef:1]. [1: 	IMT-ADV-SAT documents referred to in this Report are found on the ITU-R web page: “IMTAdvanced-Satellite submission and evaluation process (http://www.itu.int/ITU-R/go/rsg4-imt-adv-sat/)”.] 

This Report also states the decisions reached by ITU-R on each of the candidate proposals and provides the technical characteristics of the RITs and SRITs for the satellite component of IMTAdvanced.
Note that the actual specifications of the agreed IMT-Advanced satellite radio interfaces are contained in Recommendation ITU-R M.2047.
[bookmark: _Toc249844394][bookmark: _Toc254701869][bookmark: _Toc257375445][bookmark: _Toc269478140][bookmark: _Toc269478541][bookmark: _Toc274204292][bookmark: _Toc274861533][bookmark: _Toc276718332][bookmark: _Toc280016860][bookmark: _Toc355260987][bookmark: _Toc374520813]3	Related text references
Recommendation ITUR M.1224	Vocabulary of Terms for International Mobile Telecommunications (IMT)
Recommendation ITU-R M.1645	Framework and overall objectives of the future development of IMT-2000 and systems beyond IMT2000
Recommendation ITU-R M.1822	Framework for services supported by IMT
Recommendation ITU-R M.1850	Detailed specifications of the radio interfaces for the satellite component of International Mobile Telecommunications-2000 (IMT-2000)
Recommendation ITU-R M.2047	Detailed specifications of the satellite radio interfaces of International Mobile Telecommunications-Advanced (IMTAdvanced)
Report ITU-R M.2038	Technology trends
Report ITU-R M.2072	World mobile telecommunication market forecast
Report ITU-R M.2078	Estimated spectrum bandwidth requirements for the future development of IMT-2000 and IMT-Advanced
Report ITU-R M.2176	Vision and requirements for the satellite radio interface(s) of IMT-Advanced
Resolution ITU-R 56-1	Naming for International Mobile Telecommunications
Resolution ITU-R 57-1	Principles for the process of development of IMT-Advanced
Document IMT-ADV-SAT/2(Rev.2)	Submission and evaluation process and consensus building for satellite radio interface technology proposals of IMTAdvanced.
[bookmark: _Toc274861534][bookmark: _Toc276718333][bookmark: _Toc280016861][bookmark: _Toc355260988][bookmark: _Toc374520814]3.1	List of acronyms and abbreviations
CDF		Cumulative distribution function
HARQ		Hybrid automatic repeat request
IMT		International Mobile Telecommunications
RIT		Radio interface technology
S-RAN		Satellite radio access network
SRIT		Set of radio interface technologies
TD		Transmission delay
UE		User equipment
[bookmark: _Toc254701870][bookmark: _Toc257375446][bookmark: _Toc269478141][bookmark: _Toc269478542][bookmark: _Toc274204293][bookmark: _Toc274861535][bookmark: _Toc276718334][bookmark: _Toc280016862][bookmark: _Toc355260989][bookmark: _Toc374520815]4	Summary of submissions
Following the guidelines of the IMT-Advanced satellite process, the candidate technology submissions provided to the ITU-R in May 2012 were reviewed and the following were acknowledged as “complete” candidate technology submissions as per § 4 of Report ITU-R M.2176:
–	Document IMT-ADV-SAT/4(Rev.1) – Acknowledgement of candidate submission from Republic of Korea under Step 3 of the satellite IMT-Advanced process (SAT-OFDM).
–	Document IMT-ADV-SAT/3(Rev.1) – Acknowledgement of candidate submission from China (People’s Republic of) under Step 3 of the satellite IMT-Advanced process (BMSat).
For convenience, these submissions are included in Annex 1.
[bookmark: _Toc254701871][bookmark: _Toc257375447][bookmark: _Toc269478142][bookmark: _Toc269478543][bookmark: _Toc274204294][bookmark: _Toc274861536][bookmark: _Toc276718335][bookmark: _Toc280016863][bookmark: _Toc355260990][bookmark: _Toc374520816]5	Conclusion for Steps 4 to 7
[bookmark: _Toc254701872][bookmark: _Toc257375448][bookmark: _Toc269478143][bookmark: _Toc269478544][bookmark: _Toc274204295][bookmark: _Toc274861537][bookmark: _Toc276718336][bookmark: _Toc280016864][bookmark: _Toc355260991][bookmark: _Toc374520817]5.1	Results of Step 4, “Evaluation of candidate RITs or SRITs by Evaluation Groups” and Step 5, “Review and coordination of outside evaluation activities”
Under Step 4 of the IMT-Advanced satellite process, the candidate RITs were evaluated by Independent Evaluation Groups that were registered in the ITU-R. In this step the candidate RITs were assessed based on Report ITU-R M.2176.
In Step 5, the ITU-R monitored the progress of the evaluation activities, and provided appropriate responses to problems or requests for guidance to facilitate consensus building. To this end, ITUR convened correspondence activities between the thirtieth and thirty-third meetings of Working Party 4B (i.e. from May 2011 to September 2012) and coordinated discussions between proponents and Independent Evaluation Groups, and among Independent Evaluation Groups.
A total of three Independent Evaluation Groups were registered in the ITU-R. Two evaluation reports from the Independent Evaluation Groups were submitted and discussed in ITU-R under Steps 4 and 5. These evaluation reports from the respective Independent Evaluation Groups are included in Annex 2.
[bookmark: _Toc355260992][bookmark: _Toc374520818][bookmark: _Toc254701873][bookmark: _Toc269478144][bookmark: _Toc269478545][bookmark: _Toc274204296][bookmark: _Toc274861538][bookmark: _Toc276718337][bookmark: _Toc280016865]5.1.1	Summary of the evaluations received for SAT-OFDM 
Under Steps 4 and 5 of the IMT-Advanced satellite process, the ITU-R coordinated the activities of the three Evaluation Groups and received one full evaluation report on the SAT-OFDM technology. The Independent Evaluation Group, Telecommunications Technology Association (TTA) Project Group 707 (PG707) from Korea (Republic of), utilized the defined ITU-R evaluation methodology and criteria established in Report ITU-R M.2176. It developed additional assessment aspects as provided in the IMT-Advanced satellite process. The ITU-R concluded that TTA PG707 had fulfilled its role in the process and that the inclusion of views from organizations external to the ITU-R working by invitation under the guidelines of Resolution ITU-R 9 had been useful to the work on the satellite component of IMT-Advanced and had contributed to the success of the IMTAdvanced satellite process.
The received evaluation report indicated that TTA PG707 was of the opinion that the candidate RIT proposed in Document IMT-ADV-SAT/4(Rev.1) met the minimum requirements of the required test environment.
The ITU-R views of the relevant evaluation report from TTA PG707 for the SAT-OFDM technology is included in Annex 2.
−	Document IMT-ADV-SAT/6 – Evaluation Report on the proposed candidate IMTAdvanced satellite radio interface technology based on the SAT-OFDM (submission in Document IMT-ADV-SAT/4(Rev.1)).
[bookmark: _Toc254701874][bookmark: _Toc269478145][bookmark: _Toc269478546][bookmark: _Toc274204297][bookmark: _Toc274861539][bookmark: _Toc276718338][bookmark: _Toc280016866][bookmark: _Toc355260993][bookmark: _Toc374520819]5.1.2	Summary of the evaluations received for BMSat
Under Steps 4 and 5 of the IMT-Advanced satellite process, the ITU-R received one evaluation report on the BMSat technology. This report is proposed by the Chinese Evaluation Group (ChEG) and is included in Annex 2.
–	Document IMT-ADV-SAT/5(Rev.1) – Evaluation of IMT-Advanced satellite candidate technology submissions in Document IMT-ADV-SAT/3(Rev.1) by ChEG.
ChEG utilized the defined ITU-R evaluation methodology and criteria established in Report ITUR M.2176. The ITU-R coordinated the activities of ChEG with TTA PG707 to discuss and reach consensus on parameter assumption, calibration, evaluation methodologies and other issues which are related to evaluation tasks. ChEG also developed additional assessment aspects, e.g. specific characteristics evaluation for BMSat. The ITU-R concluded that ChEG had fulfilled its role in the process and that the inclusion of views from organizations external to the ITUR working by invitation under the guidelines of Resolution ITU-R 9 had been useful to the work on the satellite component of IMTAdvanced and had contributed to the success of the IMT-Advanced satellite process.
The received evaluation report from ChEG indicated that ChEG was of the opinion that:
–	the candidate RIT proposed in Document IMT-ADV-SAT/3(Rev.1) met the minimum requirements of mandatory open area test environments;
–	the candidate RIT proposed in Document IMT-ADV-SAT/3(Rev.1) had good performance in other test environments, including urban area, suburban area, intermediate tree-shadowed area and heavy tree-shadowed area;
[bookmark: _Toc355260994]–	the specific designs in the candidate RIT proposed in Document IMT-ADV-SAT/3(Rev.1) largely improved the system performance.
[bookmark: _Toc374520820]5.1.3	Review and coordination outside evaluation activities
Under Step 6 of the IMT-Advanced satellite process, the Chinese Evaluation Group (ChEG) and Telecommunications Technology Association (TTA) Project Group 707 (PG707) from Korea (Republic of), had a discussion meeting at the Vision Hotel, in Beijing, China (People’s Republic of), on 30 August 2012, in order to build consensus on the evaluation reports.
During this meeting, the following agenda was discussed in relation to the IMTAdvanced satellite process:
–	Introduction of ChEG and TTA PG707 evaluations on IMT-Advanced satellite candidate RITs and discussion.
–	Discussion of ITU-R inputs/outputs on evaluation of IMT-Advanced satellite candidate RITs.
–	Introduction of input documents on ITU-R IMT-Advanced satellite Recommendations to the thirty-third meeting of ITU-R WP 4B, from China (People’s Republic of) and Korea (Republic of), and discussion.
As a result of the meeting, the following decisions were made:
–	During the discussion on the evaluation results, it was discovered that the channel model parameters specified in Report ITU-R M.2176 contained typo errors, and the urgency of revising the Report was understood. It was determined to ask the WP 4B Chairman to submit an input document on the revision of the Report at the thirty-third meeting of ITUR WP 4B.
–	Development of Report ITU-R M.2279 – Outcome of the evaluation, consensus building and decision of the IMT-Advanced satellite process (Steps 4 to 7), including characteristics of IMT-Advanced satellite radio interfaces.
–	Use a template of recommendation on detailed specifications of the radio interfaces for the satellite component of IMT-Advanced as proposed by China (People’s Republic of).
[bookmark: _Toc254701875][bookmark: _Toc257375449][bookmark: _Toc269478146][bookmark: _Toc269478547][bookmark: _Toc274204298][bookmark: _Toc274861540][bookmark: _Toc276718339][bookmark: _Toc280016867][bookmark: _Toc355260995][bookmark: _Toc374520821]5.2	Results of Step 6, “Review to assess compliance with minimum requirements”
Under Step 6 of the IMT-Advanced satellite process, an assessment of each proposal was made as to whether it met a version of the minimum technical requirements and evaluation criteria of the IMT-Advanced satellite process in force, as described in Report ITU-R M.2176. The evaluation methodology and the version of the minimum technical requirements used are described in Report ITU-R M.2176.
In this step, the evaluated proposal for an RIT/SRIT is assessed as a qualifying RIT, if any one of the following is met:
–	an RIT meets the minimum requirements of at least one test environment;
–	an RIT may meet the minimum requirements of all required test environments.
Such a qualified RIT will go forward for further consideration under Step 7.
Based on a review of the evaluations carried out by the Independent Evaluation Groups as well as the self-evaluations from the proponents, the conclusions of the ITU-R for Step 6 are presented in the following subsections. Each candidate technology submission is separately addressed for compliance with regard to services, spectrum and technical performance and for confirmation as a qualifying RIT:
–	Section 5.2.1 – Candidate submission from Korea (Republic of) (Doc. IMTADVSAT/4(Rev.1)).
–	Section 5.2.2 – Candidate submission from China (People’s Republic of) (Doc. IMTADVSAT/3(Rev.1)).
[bookmark: _Toc254701877][bookmark: _Toc269478147][bookmark: _Toc269478548][bookmark: _Toc274204299][bookmark: _Toc274861541][bookmark: _Toc276718340][bookmark: _Toc280016868][bookmark: _Toc355260996][bookmark: _Toc374520822]5.2.1	Candidate submission from Korea (Republic of) (Doc. IMT-ADV-SAT/4(Rev.1))
The ITU-R summary review of the candidate technology submission from Korea (Republic of) is presented below. The individual detailed analysis of compliance for each of the defined items in Report ITU-R M.2176 is included in the tables in Annex 3.
Compliance related to services
The SAT-OFDM technology proposed by Korea (Republic of) (Doc. IMTADV-SAT/4(Rev.1)) meets the minimum requirements for services.
Compliance related to spectrum
The SAT-OFDM technology proposed by Korea (Republic of) (Doc. IMTADV-SAT/4(Rev.1)) meets the minimum requirements for spectrum.
Compliance related to technical performance
The SAT-OFDM technology proposed by Korea (Republic of) (Doc. IMTADV-SAT/4(Rev.1)) meets the minimum requirements for technical performance.
Assessment of the candidate technology proposal as a qualifying RIT/SRIT
[bookmark: _Toc269478148][bookmark: _Toc269478549][bookmark: _Toc274204300][bookmark: _Toc274861542][bookmark: _Toc276718341][bookmark: _Toc280016869]ITU-R confirms that the RIT of the candidate technology submission in Document IMTADVSAT/4(Rev.1) meets the minimum requirements of the mandatory open area test environment.
[bookmark: _Toc355260997][bookmark: _Toc374520823]5.2.2	Candidate submission from China (People’s Republic of) (Doc. IMTADVSAT/3(Rev.1))
The ITU-R summary review of the candidate technology submission from China (People’s Republic of) is presented below. The individual detailed analysis of compliance for each of the defined items in Report ITUR M.2176 is included in the tables in Annex 3.
Compliance related to services
The technology proposed by China (People’s Republic of) (Doc. IMT-ADV-SAT/3(Rev.1)) meets the minimum requirements for services.
Compliance related to spectrum
The technology proposed by China (People’s Republic of) (Doc. IMT-ADV-SAT/3(Rev.1)) meets the minimum requirements for spectrum.
Compliance related to technical performance
The technology proposed by China (People’s Republic of) (Doc. IMT-ADV-SAT/3(Rev.1)) meets the minimum requirements for technical performance.
Assessment of the candidate technology proposal as a qualifying RIT/SRIT
[bookmark: _Toc254701878][bookmark: _Toc257375450][bookmark: _Toc269478153][bookmark: _Toc269478554][bookmark: _Toc274204305][bookmark: _Toc274861547][bookmark: _Toc276718346][bookmark: _Toc280016874][bookmark: _Toc355260998]ITU-R confirms that the RIT of the candidate technology submission in Document IMTADVSAT/3(Rev.1) meets the minimum requirements of the mandatory open area test environment.
[bookmark: _Toc374520824]5.3	Results of Step 7, “Consideration of evaluation results, consensus building and decision”
[bookmark: _Toc274861548][bookmark: _Toc276718347][bookmark: _Toc280016875][bookmark: _Toc355260999][bookmark: _Toc374520825]5.3.1	Consideration of evaluation results
Each of the two candidate technology submissions, as acknowledged and listed below (and their respective RIT), has individually satisfied in the mandatory open area test environment the requirements of Step 7 of the IMT-Advanced satellite process. Therefore, each of these submissions for candidate technology of the satellite component of IMT-Advanced has the opportunity to proceed to Step 8.
–	Document IMT-ADV-SAT/4(Rev.1) – Acknowledgement of candidate submission from Korea (Republic of) under Step 3 of the satellite IMT-Advanced process (SAT-OFDM).
–	Document IMT-ADV-SAT/3(Rev.1) – Acknowledgement of candidate submission from China (People’s Republic of) under Step 3 of the satellite IMT-Advanced process (BMSat).
[bookmark: _Toc274861549][bookmark: _Toc276718348][bookmark: _Toc280016876][bookmark: _Toc355261000][bookmark: _Toc374520826]5.3.2	Consensus building and decision
In consideration of the IMT-Advanced satellite process for Steps 4 through 7, the following conclusions have been reached in ITU-R:
–	Both “SAT-OFDM” and “BMSat” technologies are acknowledged to individually satisfy the requirements of Resolution ITU-R 57-1, resolves 6e) and 6f), for the required number of test environments. These requirements are specified in Report ITUR M.2176.
–	Consequently, both “SAT-OFDM” and “BMSat” technologies are accepted for inclusion in the standardization phase of the IMT-Advanced satellite process and should proceed to Step 8.
[bookmark: _Toc254701886][bookmark: _Toc257375451][bookmark: _Toc269478154][bookmark: _Toc269478555][bookmark: _Toc274204306][bookmark: _Toc274861550][bookmark: _Toc276718349][bookmark: _Toc280016877][bookmark: _Toc355261001][bookmark: _Toc374520827]6	Characteristics of the satellite radio interface technologies of IMTAdvanced and basis of the specifications for Step 8
In Step 8, an IMT-Advanced satellite radio interface Recommendation is developed within the ITUR, on the basis of the results of Step 7, sufficiently detailed to enable worldwide compatibility of operation and equipment, including roaming.
[bookmark: _Toc274861551][bookmark: _Toc276718350][bookmark: _Toc280016878][bookmark: _Toc355261002][bookmark: _Toc374520828]6.1	Characteristics of the satellite radio interface technologies for IMT-Advanced
The SAT-OFDM satellite radio interface for IMT-Advanced is based on the technology specified in Document IMT-ADV-SAT/4(Rev.1).
The BMSat satellite radio interface for IMT-Advanced is based on the technology specified in Document IMT-ADV-SAT/3(Rev.1).
[bookmark: _Toc269478155][bookmark: _Toc269478556][bookmark: _Toc274204307][bookmark: _Toc274861552][bookmark: _Toc276718351][bookmark: _Toc280016879][bookmark: _Toc355261003][bookmark: _Toc374520829]6.2	Detailed specifications of the satellite radio interface technologies for IMTAdvanced in Step 8
Under Step 8 of the IMT-Advanced satellite process, the detailed technical specifications of the satellite radio interface technologies for IMT-Advanced are provided in Recommendation ITUR M.2047.
[bookmark: _Toc280016880][bookmark: _Toc355261004][bookmark: _Toc374520830]6.2.1	For SAT-OFDM
Based on the consensus views in § 5.3, SAT-OFDM is accepted in Step 8. The basis for specifying the SAT-OFDM technology in Step 8 is Document IMT-ADV-SAT/4(Rev.1).
[bookmark: _Toc280016881][bookmark: _Toc355261005][bookmark: _Toc374520831]6.2.2	For BMSat
Based on the consensus views in § 5.3, BMSat is accepted in Step 8. The basis for specifying the BMSat technology in Step 8 is Document IMT-ADV-SAT/3(Rev.1).


[bookmark: _Toc254701887][bookmark: _Toc274861553][bookmark: _Toc280016882]

[bookmark: _Toc374520832]Annex 1

Submission of candidate technologies
Document IMT-ADV-SAT/4(Rev.1) – Acknowledgement of candidate submission from Korea (Republic of) under Step 3 of the satellite IMTAdvanced process (SAT-OFDM).


Document IMT-ADV-SAT/3(Rev.1) – Acknowledgement of candidate submission from China (People’s Republic of) under Step 3 of the satellite IMTAdvanced process (BMSat).


[bookmark: _Toc280016883]

[bookmark: _Toc374520833]Annex 2

Summary and details of Evaluation Reports
from Independent Evaluation Groups
[bookmark: _Toc274861555]Document IMT-ADV-SAT/5(Rev.1) – Evaluation of IMT-Advanced satellite candidate technology submissions in Document IMT-ADV-SAT/3(Rev.1) by ChEG.


Document IMT-ADV-SAT/6 – Evaluation Report on the proposed candidate IMT-Advanced satellite radio interface technology based on the SAT-OFDM (submission in Document IMTADVSAT/4(Rev.1)).


[bookmark: _Toc280016884]

[bookmark: _Toc374520834]Annex 3

Detailed compliance template summaries[footnoteRef:2] [2: 	Reference: Report ITU-R M.2176.] 

[bookmark: _Toc355261006][bookmark: _Toc374520835][bookmark: _Toc276718352]1	Candidate submission from Korea (Republic of) (Doc. IMT-ADV-SAT/4(Rev.1))

	Summary of assessment of compliance for services
(Reference section of Report ITU-R M.2176: 8.2.5.1)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Support of a wide range of services
	Yes



	Summary of assessment of compliance for spectrum
(Reference section of Report ITU-R M.2176: 8.2.5.2)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Spectrum bands – Is the proposal able to utilize at least one band identified for IMT?
	Yes



	Summary of assessment of compliance for technical performance
(Reference section of Report ITU-R M.2176: 8.2.5.3)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Minimum technical
requirements items
	Category
	Required
value
	Value[footnoteRef:3] [3: 	Detailed values for other test environments and different UE types could be referred to Document IMTADV-SAT/4(Rev.1).] 

	

	
	Test
environment
	Downlink
or uplink
	
	
	

	Beam spectral efficiency (bit/s/Hz/beam)
	Open
	Downlink
	1.1
	1.526
	Yes

	
	
	Uplink
	0.7
	1.525
	

	Peak spectral efficiency (bit/s/Hz)
	–
	Downlink
	2.5
	6.06
	Yes

	
	
	Uplink
	1.25
	2.88
	

	Bandwidth
	–
	Up to and including (MHz)
	30
	100
	Yes

	
	
	Scalability
	N/A
	1.4, 3, 5,
10, 15, 20
	

	Beam edge user spectral efficiency (bit/s/Hz)[footnoteRef:4] [4: 	Beam edge user spectral efficiency values of 1.525/1.526 bit/s/Hz for uplink/downlink were calculated as the 5% point of the cumulative distribution function (CDF) of the user throughput divided by the user channel bandwidth. When we assume that spectral efficiency is the user throughput divided by the beam bandwidth, they could be estimated into 0.061/0.061 bit/s/Hz.] 

	Open
	Downlink
	0.04
	1.526
	Yes

	
	
	Uplink
	0.015
	1.525
	

	Control plane latency (ms)
	N/A
	N/A
	N/A
	50+6TD
9.5+3TD
	N/A

	User plane latency (ms)
	N/A
	N/A
	N/A
	5+2TD+p×n
	

	Summary of assessment of compliance for technical performance
(Reference section of Report ITU-R M.2176: 8.2.5.3)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Minimum technical
requirements items
	Category
	Required
value
	Value3
	

	
	Test
environment
	Downlink
or uplink
	
	
	

	Mobility
	Open
	N/A
	Stationary,
pedestrian,
vehicular
high speed vehicular,
aeronautical
	Stationary,
pedestrian,
vehicular
high speed
vehicular,
aeronautical
	Yes

	Intra-frequency handover interruption time (ms)
	N/A
	N/A
	N/A
	19.5+2TD
	N/A

	Inter-frequency handover interruption time within spectrum band (ms)
	N/A
	N/A
	N/A
	19.5+2TD
	

	Inter-frequency handover interruption time between spectrum band (ms)
	N/A
	N/A
	N/A
	19.5+2TD
	

	Intersystem handover
	N/A
	N/A
	N/A
	support
	

	Number of supported VoIP users (active users/
beam/MHz)
	Open
	N/A
	30
	88
	Yes

	N/A:	Not Applicable.
TD: 	Transmission delay between S-RAN and UE.
p: 		The error probability of the first HARQ retransmission.
n: 		The number of HARQ processes.



[bookmark: _Toc280016885][bookmark: _Toc355261007][bookmark: _Toc374520836]2	Candidate submission from China (People’s Republic of) (Doc. IMTADVSAT/3(Rev.1))

	Summary of assessment of compliance for services
(Reference section of Report ITU-R M.2176: 8.2.5.1)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Support of a wide range of services
	Yes



	Summary of assessment of compliance for spectrum
(Reference section of Report ITU-R M.2176: 8.2.5.2)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Spectrum bands – Is the proposal able to utilize at least one band identified for IMT?
	Yes



	Summary of assessment of compliance for technical performance
(Reference section of Report ITU-R M.2176: 8.2.5.3)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Minimum technical
requirements items
	Category
	Required value
	Value
	

	
	Test environment
	Downlink or uplink
	
	
	

	Beam spectral efficiency (bit/s/Hz/beam)
	Urban
	Downlink
	N/A
	0.6221/0.6221/0.6221/
0.8567/0.9037/
1.2678
	N/A

	
	
	Uplink
	N/A
	0.0177/0.0702/0.4271/
0.5729/1.0220/
1.0971
	

	
	Suburban
	Downlink
	N/A
	0.7798/0.7798/0.7798/
1.0907/1.1545/
1.4923
	N/A

	
	
	Uplink
	N/A
	0.0167/0.0744/0.5188/
0.7201/1.3506/
1.4586
	

	
	Open
	Downlink
	1.1
	0.8662/0.8662/0.8662/
1.1760/1.2296/
1.5620
	Yes

	
	
	Uplink
	0.7
	0.0299/0.1235/0.6464/
0.8590/1.4635/
1.5365
	

	
	Intermediate tree-shadowed
	Downlink
	N/A
	0.7217/0.7217/0.7217/
0.9813/1.0400/
1.4346
	N/A

	
	
	Uplink
	N/A
	0.0199/0.0778/0.4659/
0.6355/1.1893/
1.3385
	

	
	Heavy
tree-shadowed
	Downlink
	N/A
	0.1281/0.1281/0.1281/
0.3460/0.4079/
1.1297
	N/A

	
	
	Uplink
	N/A
	0.0026/0.0049/0.0186/
0.0313/0.3204/
0.7227
	

	Peak spectral efficiency (bit/s/Hz)
	–
	Downlink
	2.5
	2.73
	Yes

	
	
	Uplink
	1.25
	2.63
	



	Summary of assessment of compliance for technical performance
(Reference section of Report ITU-R M.2176: 8.2.5.3)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Minimum technical
requirements items
	Category
	Required value
	Value
	

	
	Test environment
	Downlink or uplink
	
	
	

	Bandwidth
	–
	Up to and including (MHz)
	30
	100
	Yes

	
	
	Scalability
	N/A
	1.4/3/5/10/15/20
	

	Beam edge user spectral efficiency (bit/s/Hz)[footnoteRef:5] [5: 	Beam edge user spectral efficiency is defined as the 5% point of the cumulative distribution function (CDF) of the normalized user throughput. The normalized user throughput is calculated as , where i denotes the number of correctly received bits of user i, Ti denotes the active session time for user i, and  denotes the channel bandwidth.] 

	Urban
	Downlink
	N/A
	0.0018/0.0018/0.0018/
0.0026/0.0030/
0.0425
	N/A

	
	
	Uplink
	N/A
	0.0003/0.0007/0.0043/
0.0035/0.0016/
0.0034
	

	
	Suburban
	Downlink
	N/A
	0.0324/0.0324/0.0324/
0.0465/0.0535/
0.0893
	N/A

	
	
	Uplink
	N/A
	0.0002/0.0006/0.0209/
0.0142/0.0416/
0.0754
	

	
	Open
	Downlink
	0.04
	0.0609/0.0609/0.0609/
0.0877/0.0930/
0.1201
	Yes

	
	
	Uplink
	0.015
	0.0002/0.0009/0.0331/
0.0568/0.1043/
0.1089
	

	
	Intermediate tree-shadowed
	Downlink
	N/A
	0.0079/0.0079/0.0079/
0.0281/0.0338/
0.0949
	N/A

	
	
	Uplink
	N/A
	0.0002/0.0009/0.0023/
0.0019/0.0229/
0.0627
	

	
	Heavy 
tree-shadowed
	Downlink
	N/A
	0.0006/0.0006/0.0006/
0.0113/0.0210/
0.0901
	N/A

	
	
	Uplink
	N/A
	0.0001/0.0001/0.0001/
0.0003/0.0063/
0.0418
	

	Control plane latency (ms)
	N/A
	N/A
	N/A
	50+6x[footnoteRef:6] [6: 	“x” is the transmission delay between the UE and satellite gateway, and “50+6x” is the “Idle to Connected” latency.] 

	N/A

	Summary of assessment of compliance for technical performance
(Reference section of Report ITU-R M.2176: 8.2.5.3)
	ITU-R confirmation that the requirement is met by the candidate technology proposal

	Minimum technical
requirements items
	Category
	Required value
	Value
	

	
	Test environment
	Downlink or uplink
	
	
	

	User plane latency (ms)
	N/A
	N/A
	N/A
	5+y1+y2[footnoteRef:7] [7: 	“y1” is the transmission delay between the UE and satellite, and “y2” is the transmission delay between the satellite gateway and satellite.] 

	

	Mobility
	Urban
	N/A
	N/A
	
	N/A

	
	Suburban
	N/A
	N/A
	
	

	
	Open
	N/A
	Stationary,
pedestrian,
vehicular
high speed
vehicular,
aeronautical
	Stationary,
pedestrian,
vehicular
high speed
vehicular,
aeronautical
	Yes

	
	Intermediate tree-shadowed
	N/A
	N/A
	
	N/A

	
	Heavy 
tree-shadowed
	N/A
	N/A
	
	

	Intra-frequency handover interruption time (ms)
	N/A
	N/A
	N/A
	12+2x
	N/A

	Inter-frequency handover interruption time within spectrum band (ms)
	N/A
	N/A
	N/A
	12+2x
	

	Inter-frequency handover interruption time between spectrum band (ms)
	N/A
	N/A
	N/A
	12+2x
	

	Intersystem handover
	N/A
	N/A
	N/A
	
	

	Number of supported VoIP users (active users/beam/MHz)
	Urban
	N/A
	N/A
	0/0/0/5/8/50
	N/A

	
	Suburban
	N/A
	N/A
	0/5/19/24/36/
54
	

	
	Open
	N/A
	30
	5/13/30/44/
48/55
	Yes

	
	Intermediate
tree-shadowed
	N/A
	N/A
	0/0/6/10/14/49
	N/A

	
	Heavy
tree-shadowed
	N/A
	N/A
	0/0/0/6/9/34
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To provide for the further work of Working Party 4B and the Independent Evaluation Groups, WP 4B has reviewed the candidate technology submission referenced above, as received by WP 4B in the May 2012 meeting[footnoteRef:3], and provides the WP 4B view on the following: [3: 	Initial submission of a candidate Satellite IMT-Advanced RIT was made to the September 2011 WP 4B meeting (Documents 4B/194, 4B/195).] 


1)	The completeness of the candidate submission following the guidance of Report ITUR M.2176.

2)	Details of the required components that were to be provided as defined in Report ITUR M.2176 and where the information is to be found within the candidate submission materials.

2	Acknowledgement of receipt of submission

Working Party 4B acknowledges the receipt of the candidate technology submission referenced above from Republic of Korea.  WP 4B has reviewed this candidate submission under the satellite IMTAdvanced process and has determined that the submission is in accordance with Section 8 of Report ITU-R M.2176.

3	Classification of the candidate submission

RIT.

4	Candidate submission

See Attachment 1 for the detailed technical specification and Attachment 2 for the self-evaluation results.
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Administrative contact:

	Hwang-Jae Rhee 				E-mail:  rhee@kcc.go.kr

Technical contact:

	Hee Wook Kim				E-mail: prince304@etri.re.kr

6	Remarks or other information
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Attachment 1

Source:	Document 4B/16

Republic of Korea

Detailed specifications of the radio interfaces
for the satellite component of International
Mobile Telecommunications-Advanced
(IMT-Advanced):

Satellite radio interface SAT-OFDM



1	Introduction

The SAT-OFDM is a satellite radio interface to provide various advanced mobile telecommunication services defined for the IMT satellite environments. This radio interface could be applied for geostationary earth orbit (GEO) satellite for the global international communications.

The SAT-OFDM adopts orthogonal frequency division multiple access (OFDMA) in downlink (space-to Earth) and single carrier frequency division multiple access (SC-FDMA) in uplink (Earthtospace).

The radio interface has a high degree of commonality with the terrestrial radio specifications, 3GPP long term evolution (LTE) technology for IMT-Advanced services, but it also has a number of different features. Those features, which are necessary to reflect the satellite-specific characteristics such as long round trip delay and slow fading satellite channel, are implemented in the form of random access, interleaving, closed loop power control and so on.

In this regard, the radio interface has two operational modes which are normal mode and enhancing mode. The normal mode is fully compatible with 3GPP LTE Release 8, while the enhancing mode provides performance enhancement by incorporating additional satellite specific features. The satellite RAN should support both modes while the UE can support either the normal mode only or both modes.

2	IMT-Advanced system description using the SAT-OFDM

2.1	Architectural description

Figure 1 describes an overall system architecture using the SAT-OFDM. The following factors are considered.

–	Satellite: It will provide services and applications similar to those of terrestrial systems outside terrestrial and Complementary Ground Component (CGC) coverage under the inherent constraints imposed by power limitation and long round trip delay.

–	CGC: In order to provide mobile satellite broadcasting/multicasting services, they can be deployed in areas where satellite reception is difficult, especially in urban areas. They may be collocated with terrestrial cell sites or standalone.

–	IMT-Advanced terrestrial component: Satellite component can provide voice and data communication service in regions outside terrestrial coverage. The areas not adequately covered by terrestrial component include physically isolated regions, gap of terrestrial component and areas where terrestrial component permanently, or temporarily, inoperative due to circumstances.

FIGURE 1

An example of IMT-Advanced system architecture using the SAT-OFDM

[image: ]



The two way communication scenario is regarded as coverage extension and service continuity of the terrestrial part. In the scenario, handover technique with terrestrial part would be most importantly considered. For the cost-effective handover, future satellite radio interfaces should be compatible and have a high degree of common functionality with an envisaged LTE based terrestrial radio system. It would also be possible to reuse terrestrial part technology to minimize user terminal chipset and network equipment for low cost and fast development.

In addition, the SAT-OFDM can be used to provide efficient interactive multimedia broadcasting services, since the envisaged terrestrial mobile radio interfaces can handle services for broadcast as well as a bi-directional communications in a cellular system. Indeed, the satellite component has an advantage over terrestrial component for delivery of same content to spread over a wide geographic area.

2.1.1	Constellation

This interface is able to cope with several satellite constellation types, i.e. low earth orbit (LEO), highly elliptical orbit (HEO), medium earth orbit (MEO) or GEO. It is noted, however, descriptions in the following sections are mostly based on the GEO constellation type.




2.1.2	Satellites

Several architectures are envisaged depending on throughput requirements e.g. global beam, multi-beam, and multi-satellite configurations. The example below assume multi-beam configuration over Korean coverage, and this configuration is used to estimate system characteristics including RF specifications.

FIGURE 2

Multi-beam configuration example with a 24 m satellite antenna













































2.2	System description

2.2.1	Service features

This radio interface could provide a wide range of telecommunication services indicated in Recommendation ITU-R M.1822 to mobile users, as shown in Table 1.

Quality of service (QoS) for various telecommunication services supported by this interface would be different from that in the terrestrial component of IMT-Advanced due to inherent satellite features such as long round trip delay. In this interface, maximum transfer delay of one way for the real time services at the bearer transport level could be less than 400 ms in the range of values 
1 × 10−3 to 1 × 10−7 of BER.




table 1

Supportable services

		User experience class

		Service class

		Example services 



		Conversational

		Basic conversational

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



		

		Rich conversational

		Videoconference
High-quality video telephony
Remote collaboration
e-education (e.g. video call to teacher)
Consultation (e.g. video interaction with doctor)
Mobile commerce



		

		Conversational low delay

		Interactive gaming
Consultation
Priority service



		Interactive

		Interactive high delay

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



		

		Interactive low delay

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



		Streaming

		Streaming live

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



		

		Streaming non-live

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



		Background

		Background

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








2.2.2	System features

This radio interface is based on the key technical characteristics listed in Table 2.

table 2

Key technical characteristics of the SAT-OFDM

		Multiple-access scheme

		OFDMA (downlink), SC-FDMA (uplink)



		Duplex scheme

		Frequency division duplexing (FDD)



		Chip rate

		A multiple or submultiple of 3.84 Mcps



		subcarrier spacing 

		15 kHz



		Carrier spacing

		1.3, 3, 5, 10 15, 20 MHz



		Frame length

		10 ms



		Inter-spot synchronization

		No accurate synchronization needed (Accurate synchronization needed for inter-beam coordination)



		Multi-rate/Variable-rate scheme

		Variable modulations and coding rates + multi-layer



		Channel coding scheme

		Convolutional coding 1/3

Turbo coding 1/3







2.2.3	Terminal features

The user equipment may be of various types: hand-held, portable, vehicular, transportable or aeronautical. The data rate and mobility restriction for each type of terminal are described in Table 3. For the maximum capacity assessment it is necessary to distinguish data rates of the forward link from those of the return link.

table 3

Mobility restrictions for each terminal type

		Terminal types

		Data rates of the applied services
(return link)
(bps/(Hz·layer))

		Data rates of the applied services
(forward link)
(bps/(Hz·layer))

		Nominal mobility 
restriction 
(km/h)



		Hand-held (class 3)

		~ 0.089

		~ 1.556

		500



		Portable

		~ 1.156

		~ 1.556

		500



		Vehicular

		~ 1.556

		~ 1.556

		500 (maximum 1 000)



		Transportable

		~ 1.556

		~ 1.556

		Static







2.2.4	Handover

This radio interface will support handover of communications from one satellite radio channel to another. The handover strategy is mobile-assisted network-decided handover.

Only hard handover is supported.




The following handover types are the most common in the system.

Beam handover

The UE periodically measures the level of the reference symbol C/(N + I) coming from adjacent beams and report such information to the satellite RAN. Based on the measurement reports, the serving satellite beam starts handover preparation which may involves exchange of signalling between serving and target beams and admission control of the UE in the target beam. Upon successful handover preparation, the handover decision is made and consequently, the handover command will be sent to the UE. The connection between UE and the serving beam will be released, then the UE attempts to synchronize and access the target beam by using the random access channel.

Inter-satellite handover

The procedure is analogous to that of inter-beam handover. The only difference is that the UE has also to search for different satellite specific reference symbol identities.

Inter-frequency handover

Inter-frequency handover may not generally be needed. This handover is decided by the satellite RAN without any support by the UE (i.e. this handover type is not a mobile-assisted handoff).

On the reverse link, the satellite RAN can instead combine all signals received from the same UE through different beams and/or satellites.

3	RF specifications

3.1	Satellite (Space station)

Satellite characteristics considered in performance evaluation are summarized in Table 4.

TABLE 4

Satellite multi-beam architecture with 24 m satellite antenna

		Number of spot beams

		20



		Downlink frequency (satellite to UE) (MHz)

		2 170-2 200



		Polarisation

		LHCP or RHCP



		On board e.i.r.p. per carrier (dBW)

		73



		Uplink frequency (UE to satellite) (MHz)

		1 980-2 010



		Polarisation

		LHCP or RHCP



		Rx Antenna gain (dB)

		~50







3.2	Mobile earth station (MES)

The mobile earth station is also named User Equipment (UE). The UE may be of several types:

3G standardised handset: the use in satellite environment requires adaptation for frequency agility to the MSS frequency band. The basic assumption is UE power class 1, 2 and 3, equipped with standard omni-directional antenna.

Portable: the portable configuration is built with a notebook PC to which an external antenna is appended.

Vehicular: the vehicular configuration is obtained by mounting an RF module on car roof connected to the UE in the cockpit.

Transportable: the transportable configuration is built with a notebook of which cover contains flat patch antennas (manually pointed towards the satellite).

Aeronautical: aeronautical configuration is built by mounting an antenna on top of the fuselage.

FIGURE 3

UE configuration

[image: ]

The power and gain characteristics for four UE configurations are summarised in Table 5.

TABLE 5

UE characteristics

		UE type

		Maximum transmit power

		Reference antenna gain

		Maximum e.i.r.p.

		Systtem  temp.

		G/T



		3G Handset 

		

		

		

		

		



		Class 1

		2W (33 dBm)

		0 dBi

		3 dBW

		290 K

		–24,6 dB/K



		Class 2

		500 mW (27 dBm)

		

		–3 dBW

		

		



		Class 3

		250 mW (24 dBm)

		

		–6 dBW

		

		



		Portable

		2 W (33 dBm)

		2 dBi

		5 dBW

		200 K

		–21 dB/K



		Vehicular

		8 W (39 dBm)

		4 dBi

		13 dBW

		250 K

		–20 dB/K



		Transportable

		2 W (33 dBm)

		14 dBi

		17 dBW

		200 K

		–9 dB/K



		





4	Baseband specifications

4.1	Multiple access

The multiple access scheme for the SAT-OFDM physical layer is based on Orthogonal Frequency Division Multiplexing (OFDM) with a cyclic prefix (CP) in the downlink, and on SC-FDMA with a cyclic prefix in the uplink. To support transmission in paired 2 GHz-band spectrum, one duplex mode is supported: Frequency Division Duplex (FDD).




The Layer 1 is defined in a bandwidth agnostic way based on resource blocks, allowing the SATOFDM Layer 1 to adapt to various spectrum allocations. A resource block spans either 12 subcarriers with a sub-carrier bandwidth of 15 kHz or 24 sub-carriers with a sub-carrier bandwidth of 7.5 kHz each over a slot duration of 0.5 ms.

The radio frame structure for FDD has a duration of 10 ms and consists of 20 slots with a slot duration of 0.5 ms. Two adjacent slots form one sub-frame of length 1 ms.

To support a Multimedia Broadcast and Multicast Service (MBMS), the SAT-OFDM offers the possibility to transmit Multicast/Broadcast over a Single Frequency Network (MBSFN), where a time-synchronized common waveform is transmitted from multiple cells for a given duration. MBSFN transmission enables highly efficient MBMS, allowing for over-the-air combining of multi-cell transmissions in the UE, where the cyclic prefix is utilized to cover the difference in the propagation delays, which makes the MBSFN transmission appear to the UE as a transmission from a single large cell. Transmission on a dedicated carrier for MBSFN with the possibility to use a longer CP with a sub-carrier bandwidth of 7.5 kHz is supported as well as transmission of MBSFN on a carrier with both MBMS transmissions and point-to-point transmissions using time division multiplexing (TDM).

Transmission with multiple input and multiple output (MIMO) antennas  is supported with configurations in the downlink with two or four satellites or two polarizations and two or four receiving antennas, which allow for multi-layer transmissions with up to four streams. Multi-user MIMO, i.e. allocation of different streams to different users is supported in both uplink and downlink.

4.2	Overall baseband transmission description

Overall downlink and uplink transmissions of the SAT-OFDM are described in Figures 4 and 5, respectively. The SAT-OFDM has basically the same transmission blocks with 3GPP LTE release 8 radio interface for commonality but can also modify some blocks or add new blocks in order to adopt satellite-specific features.

FIGURE 4

Downlink transmissions in the SAT-OFDM
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FIGURE 5

Uplink transmissions in the SAT-OFDM
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4.2	Physical channels and timing relations

The following physical channels are defined in the SAT-OFDM.

· Downlink

· Physical channels: user data, control, information

· PDSCH (Physical Downlink Shared Channel)

· PMCH (Physical Multicast Channel)

· PDCCH (Physical Downlink Control Channel)

· PBCH (Physical Broadcast Channel)

· PCFICH (Physical Control Format Indicator Channel)

· PHICH (Physical Hybrid ARQ Indicator Channel)

· Physical signals: cell search, channel estimation

· RS (Reference Signal)

· SCH (Synchronization signal)

· Uplink

· Physical channels: user data, control

· PUSCH (Physical Uplink Shared Channel)

· PUCCH (Physical Uplink Control Channel)

· PSRACH (Physical Satellite Random Access Channel)

· Physical signals: channel estimation

· RS (Reference Signal)

4.2.1	Frame structure



Throughout this specification, the size of various fields in the time domain is expressed as a number of time units  seconds.





Each radio frame is long and consists of 20 slots of length, numbered from 0 to 19. A subframe is defined as two consecutive slots where subframe I consists of slots 2i and 2i+1.

For FDD, 10 subframes are available for downlink and  uplink transmissions in each 10 ms interval. Uplink and downlink transmissions are separated in the frequency domain. In half-duplex FDD operation, the UE cannot transmit and receive at the same time while there are no such restrictions in full-duplex FDD.

Figures 6 and 7 show downlink and uplink frame structures of the SAT-OFDM with seven OFDM symbols at normal cyclic prefix, respectively.

FIGURE 6

Downlink frame structure of the SAT-OFDM
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FIGURE 7

Uplink frame structure of the SAT-OFDM
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4.2.2	Uplink physical channels

The smallest resource unit for uplink transmission is denoted as a resource element. An uplink physical channel corresponds to a set of resource elements carrying information originating from higher layers and an uplink physical signal is used by the physical layer but does not carry information originating from higher layers.

4.2.2.1	Slot structure and physical resources

4.2.2.1.1	Resource grid







The transmitted signal in each slot is described by one or several resource grids of  subcarriers and  SC-FDMA symbols. The resource grid is illustrated in Figure 8.  The quantity depends on the uplink transmission bandwidth configured in the cell and shall imila



,





where and  are the smallest and largest uplink bandwidths, respectively, supported by the current version of this specification. 

The number of SC-FDMA symbols in a slot depends on the cyclic prefix length configured by the higher layer parameter UL-CyclicPrefixLength and is given in Table 6.

FIGURE 8

Uplink resource grid





4.2.1.1.2	Resource elements













[bookmark: OLE_LINK22][bookmark: OLE_LINK19]Each element in the resource grid is called a resource element and is uniquely defined by the index pair  in a slot where  and  are the indices in the frequency and time domains, respectively. Resource element  corresponds to the complex value . Quantities corresponding to resource elements not used for transmission of a physical channel or a physical signal in a slot shall be set to zero.

4.2.1.1.3	Resource blocks











A physical resource block is defined as consecutive SC-FDMA symbols in the time domain and consecutive subcarriers in the frequency domain, where  and  are given by Table 6. A physical resource block in the uplink thus consists of  resource elements, corresponding to one slot in the time domain and 180 kHz in the frequency domain.

TABLE 6

Resource block parameters

		Configuration

		



		





		Normal cyclic prefix

		12

		7



		Extended cyclic prefix

		12

		6











The relation between the physical resource block number  in the frequency domain and resource elements  in a slot is given by





4.2.2.2	Physical uplink shared channel

The baseband signal representing the physical uplink shared channels is defined in terms of the following steps:

–	Scrambling

–	Modulation of scrambled bits to generate complex-valued symbols

–	Mapping of the complex-valued modulation symbols onto one or several transmission layers

–	Transform precoding to generate complex-valued symbols

–	Precoding of the complex-valued symbols to resource elements

–	Generation of complex-valued time-domain SC-FDMA signal for each antenna port.

FIGURE 9

Overview of uplink physical channel processing







4.2.2.2.1	Scrambling







For each codeword q, the block of bits, where  is the number of bits transmitted in codeword q on the physical uplink shared channel in one subframe, shall be scrambled with a UE-specific scrambling sequence prior to modulation, resulting in a block of scrambled bits according to the specific pseudo code.

4.2.2.2.2	Modulation







[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK57]For each codeword, the block of scrambled bits shall be modulated, resulting in a block of complex-valued symbols. Table 7 specifies the modulation mappings applicable for the physical uplink shared channel.

TABLE 7

Uplink modulation schemes

		Physical channel

		Modulation schemes



		PUSCH

		QPSK, 16QAM, 64QAM





4.2.2.2.3	Transform precoding







For each layer  the block of complex-valued symbols  is divided into  sets, each corresponding to one SC-FDMA symbol. Transform precoding shall be applied according to











resulting in a block of complex-valued symbols . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil







where is a set of non-negative integers.

4.2.2.2.4	Mapping to physical resources















The block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power  and mapped in sequence starting with  to physical resource blocks assigned for transmission of PUSCH. The mapping to resource elements  corresponding to the physical resource blocks assigned for transmission and not  used for transmission of reference signals and not reserved for possible SRS transmission shall be in increasing order of first the index ,then the index, starting with the first slot in the subframe.





If uplink frequency-hopping is disabled, the set of physical resource blocks to be used for transmission is given by  where  is obtained from the uplink scheduling grant.

If uplink frequency-hopping with type 1 PUSCH hopping is enabled, the set of physical resource blocks to be used for transmission is given.



If uplink frequency-hopping with predefined hopping pattern is enabled, the set of physical resource blocks to be used for transmission in slot  is given by the scheduling grant together with a predefined pattern.

4.2.2.3	Physical uplink control channel

The physical uplink control channel, PUCCH, carries uplink control information. The PUSCH is never transmitted simultaneously with the PUSCH from the same UE.

The physical uplink control channel supports multiple formats as shown in Table 8. Format 2A and 2B are supported form normal prefix only.

TABLE 8

Supported PUCCH formats

		PUCCH format

		Modulation scheme

		

Number of bits per subframe, 



		1

		N/A

		N/A



		1A

		BPSK

		1



		1B

		QPSK

		2



		2

		QPSK

		20



		2A

		QPSK+BPSK

		21



		2B

		QPSK+QPSK

		22











All PUCCH formats use a cyclic shift of a sequence in each symbol, where  is used to derive the cyclic shift for the different PUCCH formats. The quantity  varies with the symbol number l and the slot number  according to







where c(i) is the pseudo-random sequence. The pseudo-random sequence generator shall be initialized with  at the beginning of each radio frame.





















The physical resources used for PUCCH depends on two parameters,  and , given by higher layers. The variable  denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats 2/2a/2b transmission in each slot. The variable  denotes the number of cyclic shift used for PUCCH formats 1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of  is an integer multiple of  within the range of {0, 1, …,7}, where  is provided by higher layers. No mixed resource block is present if . At most one resource block in each slot supports a mix of formats 1/1A/1B and 2/2A/2B. Resources used for transmission of PUCCH format 1/1A/1B and 2/2A/2B are represented by the non-negative indices and , respectively.

Mapping of modulation symbols for the physical uplink control channel is illustrated in Figure 10.

In case of simultaneous transmission of sounding reference signal and PUCCH format 1, 1A or 1B, one SC-FDMA symbol on PUCCH shall be punctured.

FIGURE 10

Mapping to physical resource blocks for PUCCH





4.2.2.4	Reference signals

Two types of uplink reference signals are supported:

–	Demodulation reference signal, associated with transmission of PUSCH or PUCCH

–	Sounding reference signal, not associated with transmission of PUSCH or PUCCH.

Demodulation reference signal is used for channel estimation for PUSCH and PUCCH demodulation and sounding reference signals  is used to measure the uplink channel quality for channel sensitive scheduling. The same set of base sequence is used for demodulation and sounding reference signals.

The uplink demodulation reference signals for normal cyclic prefix and extended cyclic prefix cases are shown in Figures 11 and 12, respectively. The demodulation reference signals for PUSCH are transmitted in the middle of the slot in symbol with l=2, 3 for the extended and normal cyclic prefix, respectively.

For PUCCH format 1, 1A and 1B, the demodulation reference signals are transmitted in three symbols (l=2, 3, 4) for the normal cyclic prefix and two symbols (l=2, 3) for the extended cyclic prefix.

For PUCCH format 2, 2A and 2B, the demodulation reference signals are transmitted in two symbols (l=1, 5) for the normal cyclic prefix.

For PUCCH format 2, the demodulation reference signal is transmitted in a single symbol (l=3) for the extended cyclic prefix case.

FIGURE 11

Uplink demodulation reference signals for the normal cyclic prefix

[image: ]

FIGURE 12

Uplink demodulation reference signals for the extended cyclic prefix

[image: ]

The sounding reference symbol (SRS) is mainly used for uplink channel quality measurements for channel sensitive scheduling and link adaptation. The SRS can also be used for uplink timing estimation and uplink power control. For frequency selective scheduling, SRS should provide 
a reliable channel estimate for each the scheduling sub-bands. It is generally preferred to sound the whole bandwidth by SRS transmission in a single shot. However, the Ues near the cell edge may not have enough power for transmitting wideband SRS. On the other hand, a single shot transmission of wideband SRS is possible for Ues near the cell centre. It requires that multiple SRS bandwidths be provided such that SRS bandwidth can be configured in a UE-specific fashion.

The SRS is transmitted using distributed FDMA with a repletion factor of two in the last OFDM symbol within a subframe as depicted in Figure 13.

FIGURE 13

SRS mapping and transmission comb.

[image: ]



The SRS parameters include starting subcarrier assignment, starting physical resource block assignment, duration of SRS transmission: single or indefinite (until disabled), periodicity of SRS transmissions: {2, 5, 10, 20, 40, 80, 160, 320} ms, frequency hopping (enabled or disabled) and cyclic shift.

The SRS transmission bandwidth does not include the PUCCH region. In the case where the UE supports transmit antenna selection in the uplink, the SRS transmission antenna alternates sequentially between successive SRS transmission subframes. This allow eNB to estimate the channel quality on each of the transmit antennas. This information is then used for scheduling a UE on the best antenna in the uplink. A UE does not transmit SRS whenever SRS and CQI transmissions happen to coincide in the same subframe. Similarly, a UE does not transmit SRS whenever SRS and scheduling request transmissions happen to coincide in the same subframe.

4.2.2.5	SC-FDMA baseband signal generation

This section applies to all uplink physical signals and physical channels except the physical random access channel.







The time-continuous signal for antenna port in SC-FDMA symbol  in an uplink slot is defined by 



















for, where , , and  is the content of resource element  on antenna port .









The SC-FDMA symbols in a slot shall be transmitted in increasing order of , starting with , where SC-FDMA symbol starts at time   within the slot. 



Table 9 lists the values of that shall be used.

TABLE 9

SC-FDMA parameters

		Configuration

		

Cyclic prefix length 



		Normal cyclic prefix

		









		Extended cyclic prefix

		









4.2.2.6	Physical random access channel

4.2.2.6.1	Operation in normal mode

The physical layer random access preamble, illustrated in Figure 14, consists of a cyclic prefix of length Tcp and a sequence part of length TSEQ. The parameter values are listed in Table 10 and depend on the frame structure and the random access configuration. Higher layer control the preamble format.

FIGURE 14

Random access preamble format





TABLE 10

Random access preamble parameters

		Preamble format

		



		





		0

		



		





		1

		



		





		2

		



		





		3

		



		









The transmission of a random access preamble, if triggered by the MAC layer, is restricted to certain time and frequency resources. These resources are enumerated in increasing order of the subframe number within the radio frame and the physical resource blocks in the frequency domain such that index 0 correspond to the lowest numbered physical resource block and subframe within the radio frame. PRACH resource within the radio frame is indicated by a PRACH resource index.




For frame structure type 1 with preamble format 0-3, there is at most one random access resource per subframe. Several preamble formats are listed according to Table 10 and the subframes in which random access preamble transmission is allowed for a given configuration in frame structure type 1.The configuration index parameter of PRACH is given by higher layers. The start of the random access preamble shall be aligned with the start of the corresponding uplink subframe at the UE.

For some PRACH configurations the UE may for handover purposes assume an absolute value of the relative time difference between radio frame I in the current beam and the target beam.

The random access opportunities for each PRACH configuration shall be alighted in time first and then in frequency if and only if time multiplexing is not sufficient to hold all opportunities of 
a PRACH configuration needed for a certain PRACH density value per 10 ms without overlap in time.

For preamble format 0-3, the frequency multiplexing shall be done according to













where  is the number of uplink resource blocks, fRA is PRACH resource frequency index within the considered time-domain location, is the first physical resource block allocated to the PRACH opportunity considered and where the parameter prach-FrequencyOffset,  is the first physical resource block available for PRACH expressed as a physical resource block number configured by higher layers and fulfilling.The random access preambles are generated form Zadoff-Chu sequences with zero correlation zone, generated from one or several root Zadoff-Chu sequences. The network configures the set of preamble sequences which the UE is allowed to use.

There are 64 preambles available in each beam. The set of 64 preamble sequences in a beam is found by including first, in order of increasing cyclic shift, all the available cyclic shifts of a root Zadoff-Chu sequence with the logical index RACH_ROOT_SEQUENCE, where RACH_ROOT_SEQUENCE is broadcasted as part of the System Information. Additional preamble sequences, in case 64 preambles cannot be generated form a single root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are found. The logical root sequence order is cyclic.

The time-continuous random access signal s(t) is defined by





















where,  is an amplitude scaling factor in order to conform to the transmit power,is random access preambles, and . The location in the frequency domain is controlled by the parameter which is the first physical resource block allocated to the PRACH opportunity considered. The factor  accounts for the difference in subcarrier spacing between the random access preamble and uplink data transmission. The variable, the subcarrier spacing for the random access preamble, and the variable, a fixed offset determining the frequency-domain location of the random access preamble within the physical resource blocks, are both given by Table 11.

TABLE 11

Random access baseband parameters

		Preamble format

		



		





		0 – 3

		1 250 Hz

		7







4.2.2.6.2	Operation in enhancing mode

[In enhancing mode, new RA preambles for system capacity improvement in satellite environments are defined. The parameter values are listed in Table 10A and depend on the frame structure and the random access configuration. Higher layer controls the preamble format.

TABLE 10A

Random access preamble parameters

		Preamble format

		



		





		4

		



		





		5

		



		







The transmission of a random access preamble, if triggered by the MAC layer, is restricted to certain time and frequency resources. These resources are enumerated in increasing order of the subframe number within the radio frame and the physical resource blocks in the frequency domain such that index 0 correspond to the lowest numbered physical resource block and subframe within the radio frame. PRACH resources within the radio frame are indicated by a PRACH resource index.

Two preamble formats are listed according to Table 10A and the subframes in which random access preamble transmission is allowed for a given configuration in frame structure type 1.  The configuration index parameter of PRACH is given by higher layers. The start of the random access preamble shall be aligned with the start of the corresponding uplink subframe at the UE. 
For some PRACH configurations the UE may for handover purposes assume an absolute value of the relative time difference between radio frame I in the current beam and the target beam.

The random access opportunities for each PRACH configuration shall be alighted in time first and then in frequency if and only if time multiplexing is not sufficient to hold all opportunities of 
a PRACH configuration needed for a certain PRACH density value per 10 ms without overlap in time.

For preamble format 5 and 6, the frequency multiplexing shall be done according to













where  is the number of uplink resource blocks, fRA is PRACH resource frequency index within the considered time-domain location, is the first physical resource block allocated to the PRACH opportunity considered and where the parameter prach-FrequencyOffset, is the first physical resource block available for PRACH expressed as a physical resource block number configured by higher layers and fulfilling.The random access preambles are generated form Zadoff-Chu sequences with zero correlation zone, generated from one or several root Zadoff-Chu sequences. The network configures the set of preamble sequences which the UE is allowed to use.

There are 64 preambles available in each beam. The set of 64 preamble sequences in a beam is found by including first, in order of increasing cyclic shift, all the available cyclic shifts of a root Zadoff-Chu sequence with the logical index RACH_ROOT_SEQUENCE, where RACH_ROOT_SEQUENCE is broadcasted as part of the System Information. Additional preamble sequences, in case 64 preambles cannot be generated form a single root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are found. The logical root sequence order is cyclic.

The time-continuous random access signal s(t) is defined by





















where,  is an amplitude scaling factor in order to conform to the transmit power,is random access preambles, and . The location in the frequency domain is controlled by the parameter which is the first physical resource block allocated to the PRACH opportunity considered. The factor  accounts for the difference in subcarrier spacing between the random access preamble and uplink data transmission. The variable, the subcarrier spacing for the random access preamble, and the variable, a fixed offset determining the frequency-domain location of the random access preamble within the physical resource blocks, are both given by Table 11.

TABLE 11

Random access baseband parameters

		Preamble format

		



		





		5-6

		416.67 Hz

		-6





]

4.2.2.7	Modulation and up-conversion

Modulation and up-conversion to the carrier frequency of the complex-valued SC-FDMA baseband signal for each antenna port is shown in Figure 15. The filtering required prior to transmission is defined by the requirements for UE radio transmission and reception.

FIGURE 15

Uplink modulation







4.2.3	Downlink physical channels

The smallest resource unit for uplink transmission is denoted a resource element. An uplink physical channel corresponds to a set of resource elements carrying information originating from higher layers and an uplink physical signal is used by the physical layer but does not carry information originating from higher layers.

4.2.3.1	Slot structure and physical resources







[bookmark: OLE_LINK55][bookmark: OLE_LINK56]The transmitted signal in each slot is described by a resource grid of  subcarriers and  OFDM symbols. The resource grid structure is illustrated in Figure 16. The quantity depends on the downlink transmission bandwidth configured in the cell and shall fulfil









where and  are the smallest and largest downlink bandwidths, respectively, supported by the current version of this specification.

The number of OFDM symbols in a slot depends on the cyclic prefix length and subcarrier spacing configured and is given in Table 12.

An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. There is one resource grid per antenna port. The set of antenna ports supported depends on the reference signal configuration in the beam:

















[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Each element in the resource grid for antenna port is called a resource element and is uniquely identified by the index pairin a slot where  and  are the indices in the frequency and time domains, respectively. Resource element  on antenna port corresponds to the complex value. When there is no risk for confusion, or no particular antenna port is specified, the index  may be dropped.

FIGURE 16

Downlink resource grid







Resource blocks are used to describe the mapping of certain physical channels to resource elements. Physical and virtual resource blocks are defined.











A physical resource block is defined as  consecutive OFDM symbols in the time domain and consecutive subcarriers in the frequency domain, where  and  are given by Table 12. A physical resource block thus consists of  resource elements, corresponding to one slot in the time domain and 180 kHz in the frequency domain.







Physical resource blocks are numbered from 0 to  in the frequency domain. The relation between the physical resource block number  in the frequency domain and resource elements  in a slot is given by





TABLE 12

Physical resource blocks parameters

		Configuration

		



		





		Normal cyclic prefix

		



		12

		7



		Extended cyclic prefix

		



		

		6



		

		



		24

		3







A virtual resource block is of the same size as the physical resource block. Two types of virtual resource blocks are defined:

–	Virtual resource blocks of localized type

–	Virtual resource blocks of distributed type.



For each type of virtual resource blocks, a pair of virtual resource blocks over two slots in 
a subframe is assigned together by a single virtual resource block number, .Resource-element groups are used for defining the mapping of control channels to resource elements.









A resource-element group is represented by the index pair  of the resource element with the lowest index  in the group with all resource elements in the group having the same value of . 
The set of resource elements  in a resource-element group depends on the number of cell-specific reference signals.









Mapping of a symbol-quadruplet  onto a resource-element group represented by resource-element  is defined such that elements  are mapped to resource elements  of the resource-element group not used for cell-specific reference signals in increasing order of Iand k. In case a single cell-specific reference signal is configured, cell-specific reference signals shall be assumed to be present on antenna ports 0 and 1 for the purpose of mapping a symbol-quadruplet to a resource-element group, otherwise the number of cell-specific reference signals shall be assumed equal to the actual number of antenna ports used for cell-specific reference signals. The UE shall not make any assumptions about resource elements assumed to be reserved for reference signals but not used for transmission of a reference signal.

For half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.

4.2.3.2	General structure for downlink physical channels

The baseband signal representing a downlink physical channel is defined in terms of the following steps as seen in Figure 17:

–	Scrambling of coded bits in each of the codewords to be transmitted on a physical channel.

–	Modulation of scrambled bits to generate complex-valued modulation symbols.

–	Mapping of the complex-valued modulation symbols onto one or several transmission layers.

–	Precoding of the complex-valued modulation symbols on each layer for transmission on the antenna ports.

–	Mapping of complex-valued modulation symbols for each antenna port to resource elements.

–	Generation of complex-valued time-domain OFDM signal for each antenna port.

FIGURE 17

Overview of physical channel processing

















For each codeword, the block of bits , where  is the number of bits in codeword transmitted on the physical channel in one subframe, shall be scrambled prior to modulation, resulting in a block of scrambled bitsaccording to









where is the scrambling sequence. The scrambling sequence generator shall be initialised at the start of each subframe, where the initialisation value of  depends on the transport channel type according to











where corresponds to the RNTI associated with the PDSCH transmission, ns is a slot number within a radio frame,  is a physical layer cell identity, and  is a MBSFN area identity.



Codewords up to two can be transmitted in one subframe, i.e., .In the case of single codewordtransmission, q is equal to zero.







[bookmark: OLE_LINK32][bookmark: OLE_LINK10][bookmark: OLE_LINK11]For each codeword, the block of scrambled bitsshall be modulated using one of the modulation schemes in Table 13, resulting in a block of complex-valued modulation symbols .

TABLE 13

Modulation scheme

		Physical channel

		Modulation schemes



		PDSCH

		QPSK, 16QAM



		PMCH

		QPSK, 16QAM

















The complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or several layers. Complex-valued modulation symbols   for codeword shall be mapped onto the layers ,  where  is the number of layers and  is the number of modulation symbols per layer.













The precoder takes as input a block of vectors,  from the layer mapping and generates a block of vectors,  to be mapped onto resources on each of the antenna ports, where  represents the signal for antenna port.







For each of the antenna ports used for transmission of the physical channel, the block of complex-valued symbols  shall be mapped in sequence starting with  to resource elements  which meet all of the following criteria:

–	they are in the physical resource blocks corresponding to the virtual resource blocks assigned for transmission;

–	they are not used for transmission of PBCH, synchronization signals, cell-specific reference signals, MBSFN reference signals or UE-specific reference signals;

–	they are not used for transmission of CSI reference signals and the DCI associated with the downlink transmission uses the C-RNTI or semi-persistent C-RNTI;







–	the index  in the first slot in a subframe fulfils  where  is given by physical layer procedure specification.

If transmission diversity is used, resource elements in an OFDM symbol containing CSI-RS shall be used in the mapping above if and only if all of the following criteria are fulfilled:

–	there is an even number of resource elements for the OFDM symbol in each resource block assigned for transmission, and













–	the complex-valued symbols  and , where  is an even number, can be mapped to resource elements  and  in the same OFDM symbol with . 









The mapping to resource elements on antenna port not reserved for other purposes shall be in increasing order of first the index over the assigned physical resource blocks and then the index, starting with the first slot in a subframe.

4.2.3.3	Physical downlink shared channel

The physical downlink shared channel shall be processed and mapped to resource elements as described as above with the following exceptions:







–	In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on the same set of antenna ports as the PBCH, which is one of  , , or .











–	In resource blocks in which UE-specific reference signals are transmitted, the PDSCH shall be transmitted on antenna port(s) ,,, or , where  is the number of layers used for transmission of the PDSCH.



–	If PDSCH is transmitted in MBSFN subframes not used for PMCH transmission, the PDSCH shall be transmitted on one or several of antenna port(s) , where is the number of layers used for transmission of the PDSCH.




4.2.3.4	Physical multicast channel

The physical multicast channel shall be processed and mapped to resource elements as described in Section 4.2.3.2 with the following exceptions:

–	No transmission diversity scheme is specified.

–	Layer mapping and precoding shall be done assuming a single antenna port and the transmission shall use antenna port 4.

–	The PMCH can only be transmitted in the MBSFN region of an MBSFN subframe.

–	The PMCH shall use extended cyclic prefix.

4.2.3.5	Physical broadcast channel

The number of bits transmitted on the physical broadcast channel equals 1 920 for normal cyclic prefix and 1 728 for extended cyclic prefix. Table 14 specifies the modulation mappings applicable for the physical broadcast channel. 

TABLE 14

PBCH Modulation scheme

		Physical channel

		Modulation schemes



		PBCH

		QPSK







4.2.3.6	Physical control format indicator channel

The physical control format indicator channel carries information about the number of OFDM symbols used for transmission of PDCCHs in a subframe. The set of OFDM symbols possible to use for PDCCH in a subframe is given by Table 15.

TABLE 15

Number of OFDM symbols used for PDCCH

		Subframe

		

Number of OFDM symbols for PDCCH when 

		

Number of OFDM symbols for PDCCH when 



		Subframe 1 and 6 for frame structure type 2

		1, 2

		2



		MBSFN subframes on a carrier supporting PDSCH, configured with 1 or 2 cell-specific antenna ports

		1, 2

		2



		MBSFN subframes on a carrier supporting PDSCH, configured with 4 cell-specific antenna ports

		2

		2



		Subframes on a carrier not supporting PDSCH

		0

		0



		Non-MBSFN subframes (except subframe 6 for frame structure type 2) configured with positioning reference signals

		1, 2, 3

		2, 3



		All other cases

		1, 2, 3

		2, 3, 4










The number of bits transmitted on the physical control format indicator channel equals 32. Table 16 specifies the modulation mappings applicable for the physical control format indicator channel.

TABLE 16

PCFICH Modulation scheme

		Physical channel

		Modulation schemes



		PCFICH

		QPSK







4.2.3.7	Physical downlink control channel











The physical downlink control channel carries scheduling assignments and other control information. A physical control channel is transmitted on an aggregation of one or several consecutive control channel elements (CCEs), where a control channel element corresponds to 9 resource element groups. The number of resource-element groups not assigned to PCFICH or PHICHis . The CCEs available in the system are numbered from 0 to, where . The PDCCH supports multiple formats as listed in Table 17. A PDCCH consisting of consecutive CCEs may only start on a CCE fulfilling, where  is the CCE number. 

Multiple PDCCHs can be transmitted in a subframe.

TABLE 17

Supported PDCCH format

		PDCCH format

		Number of CCEs

		Number of resource-element groups

		Number of PDCCH bits



		0

		1

		9

		72



		1

		2

		18

		144



		2

		4

		36

		288



		3

		8

		72

		576







Table 18 specifies the modulation mappings applicable for the physical downlink control channel.

TABLE 18

PDCCH modulation scheme

		Physical channel

		Modulation schemes



		PDCCH

		QPSK







4.2.3.8	Physical hybrid ARQ indicator channel







The PHICH carries the hybrid-ARQ ACK/NACK. Multiple PHICHs mapped to the same set of resource elements constitute a PHICH group, where PHICHs within the same PHICH group are separated through different orthogonal sequences. A PHICH resource is identified by the index pair , where  is the PHICH group number and  is the orthogonal sequence index within the group.



The number of PHICH groups  is constant in all subframes and given by















where is provided by higher layers. The index  ranges from to .

Table 19 specifies the modulation mappings applicable for the physical hybrid ARQ indicator channel.

TABLE 19

PHICH modulation scheme

		Physical channel

		Modulation schemes



		PHICH

		BPSK







4.2.3.9	Reference signal

Downlink reference signals are defined with the following types:

–	Cell-specific reference signals (CRS)

–	MBSFN reference signals

–	UE-specific reference signals (DM-RS)

–	Positioning reference signals (PRS)

–	CSI reference signals (CSI-RS).

There is one reference signal transmitted per downlink antenna port.

4.2.3.9.1	Cell-specific reference signals

[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Cell-specific reference signals shall be transmitted in all downlink subframes in a cell supporting PDSCH transmission.

Cell-specific reference signals are transmitted on one or several of antenna ports 0 to 3.



Cell-specific reference signals are defined for  only.



The reference-signal sequence  is defined by













where is the slot number within a radio frame and  is the OFDM symbol number within the slot and  is the pseudo-random sequence. The pseudo-random sequence generator shall be initialised with  at the start of each OFDM symbol where







Resource elements used for transmission of cell-specific reference signals on any of the antenna ports in a slot shall not be used for any transmission on any other antenna port in the same slot and set to zero.

In an MBSFN subframe, cell-specific reference signals shall only be transmitted in the non-MBSFN region of the MBSFN subframe.





Figures 18 and 19 illustrate the resource elements used for reference signal transmission according to the above definition for normal cyclic prefix and extended cyclic prefix, respectively. The notation  is used to denote a resource element used for reference signal transmission on antenna port.

FIGURE 18

Mapping of downlink reference signals (normal cyclic prefix)





FIGURE 19

Mapping of downlink reference signals (extended cyclic prefix)







4.2.3.9.2	MBSFN reference signals

MBSFN reference signals shall be transmitted only when the PMCH is transmitted. MBSFN reference signals are transmitted on antenna port 4.

MBSFN reference signals are defined for extended cyclic prefix only.



The MBSFN reference-signal sequence  is defined by













where is the slot number within a radio frame and  is the OFDM symbol number within the slot and  is the pseudo-random sequence. The pseudo-random sequence generator shall be initialised with  at the start of each OFDM symbol.









Figure 20 illustrates the resource elements used for MBSFN reference signal transmission in case of . In case of  for a MBSFN-dedicated cell, the MBSFN reference signal shall be mapped to resource elements according to Figure 21. The notation  is used to denote a resource element used for reference signal transmission on antenna port.

FIGURE 20



Mapping of MBSFN reference signals (extended cyclic prefix, )





FIGURE 21



Mapping of MBSFN reference signals (extended cyclic prefix, )





4.2.3.9.3	UE-specific reference signals







UE-specific reference signals are supported for single-antenna-port transmission of PDSCH and are transmitted on antenna port 5. UE specific reference signals are present and are a valid reference for PDSCH demodulation only if the PDSCH transmission is associated with the corresponding antenna port according to physical layer procedure. UE-specific reference signals are transmitted only on the resource blocks upon which the corresponding PDSCH is mapped. The UE-specific reference signal in resource elements  in which one of the physical channels or physical signals other than UE-specific reference signal defined in 6.1 is transmitted using resource elements with the same index pair regardless of their antenna port .



The UE-specific reference-signal sequence  is defined by











where denotes the bandwidth in resource blocks of the corresponding PDSCH transmission. The is the pseudo-random sequence. The pseudo-random sequence generator shall be initialised with at the start of each subframe.

Figure 22 illustrates the resource elements used for UE-specific reference signals for normal cyclic prefix for antenna port 5.

Figure 23 illustrates the resource elements used for UE-specific reference signals for extended cyclic prefix for antenna port 5.





The notation  is used to denote a resource element used for reference signal transmission on antenna port.

Figure 22

Mapping of UE-specific reference signals (normal cyclic prefix)








Figure 23

Mapping of UE-specific reference signals (extended cyclic prefix)





4.2.3.10	Synchronization signal







There are 504 unique physical-layer cell identities. The physical-layer cell identities are grouped into 168 unique physical-layer cell-identity groups, which each group contains three unique identities. The grouping is such that each physical-layer cell identity is part of one and only one physical-layer cell-identity group. A physical-layer cell identity is thus uniquely defined by a numberin the range of 0 to 167, representing the physical-layer cell-identity group, and a number in the range of 0 to 2, representing the physical-layer identity within the physical-layer cell-identity group.

4.2.3.10.1	Primary synchronization signal



The sequence  used for the primary synchronization signal is generated from a frequency-domain Zadoff-Chu sequence according to







where the Zadoff-Chu root sequence index  is given by Table 20.

TABLE 20

Root indices for the primary synchronization signal

		



		

Root index 



		0

		25



		1

		29



		2

		34







The mapping of the sequence to resource elements depends on the frame structure. The UE shall not assume that the primary synchronization signal is transmitted on the same antenna port as any of the downlink reference signals. The UE shall not assume that any transmission instance of the primary synchronization signal is transmitted on the same antenna port, or ports, used for any other transmission instance of the primary synchronization signal.



The sequence shall be mapped to the resource elements according to





The primary synchronization signal shall be mapped to the last OFDM symbol in slots 0 and 10.

4.2.3.10.2	Secondary synchronization signal



The sequence used for the secondary synchronization signal is an interleaved concatenation of two length-31 binary sequences. The concatenated sequence is scrambled with a scrambling sequence given by the primary synchronization signal.

The combination of two length-31 sequences defining the secondary synchronization signal differs between subframe 0 and subframe 5 according to













where . The indices  and  are derived from the physical-layer cell-identity group according to











The two sequences  and  are defined as two different cyclic shifts of the m-sequence  according to









where, , is defined by







with initial conditions.







The two scrambling sequences  and  depend on the primary synchronization signal and are defined by two different cyclic shifts of the m-sequence  according to













where is the physical-layer identity within the physical-layer cell identity group  and , , is defined by







with initial conditions .







The scrambling sequences  and  are defined by a cyclic shift of the m-sequence  according to













where , , is defined by







with initial conditions .

The same antenna port as for the primary synchronization signal shall be used for the secondary synchronization signal.



The sequence shall be mapped to resource elements according to







Resource elements  where





are reserved and not used for transmission of the secondary synchronization signal.

4.2.3.11	OFDM baseband signal generation







The time-continuous signal  on antenna port in OFDM symbol  in a downlink slot is defined by 

















for   where  and. The variable  equals 2048 and 4096 for subcarrier spacing   and  , respectively.









The OFDM symbols in a slot shall be transmitted in increasing order of , starting with , where OFDM symbol starts at time   within the slot. In case the first OFDM symbol(s) in a slot use normal cyclic prefix and the remaining OFDM symbols use extended cyclic prefix, the starting position the OFDM symbols with extended cyclic prefix shall be identical to those in a slot where all OFDM symbols use extended cyclic prefix. Thus there will be a part of the time slot between the two cyclic prefix regions where the transmitted signal is not specified.



Table 21 lists the value of cyclic prefix length,that shall be used. Note that different OFDM symbols within a slot in some cases have different cyclic prefix lengths. 

TABLE 21

OFDM parameters

		Configuration

		

Cyclic prefix length 



		Normal cyclic prefix

		





		









		Extended cyclic prefix

		



		





		

		



		









4.2.3.12	Modulation and up-conversion

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Modulation and up-conversion to the carrier frequency of the complex-valued OFDM baseband signal for each antenna port are shown in Figure 24. The filtering required prior to transmission is defined by the requirements in UE transmission and reception.

FIGURE 24

Downlink modulation





4.2.4	Timing

4.2.4.1	Uplink-downlink frame timing









Transmission of the uplink radio frame number  from the UE shall start seconds before the start of the corresponding downlink radio frame at the UE, where ,, as shown in Figure 25. Note that not all slots in a radio frame may be transmitted.

FIGURE 25

Uplink-downlink timing relation







Figure 26 illustrates a resource allocation method for uplink-downlink frame timing defined in Figure 25. UE1 and UE2 represent terminals located at the beam edge and the centre, respectively. Therefore, UE1 and UE2 have the maximum and minimum round trip delays (RTDs), respectively, and thus  has the maximum value among all available . The timing reference is set for uplink transmission with respect to the RTD of UE1. With this reference, UE1 can transmit its uplink signal as soon as the resource allocation information is received via the downlink, i.e., DI=0. On the other hand, for UEj,  is compensated by using the modified resource allocation method without any modification of the terrestrial LTE uplink-downlink timing. In fact, the scheduler in a satellite can get location information of each UE via its own random access trial. By using this information, the scheduler allocates available resources to the most appropriate subframes paired with a specific downlink subframe. For instance, as shown in Figure 26, UE1 and UE2 receive downlink signal after t1/2and t2/2, respectively, where ti is the RTD of UEi. The scheduler allocates available resources to the most adjacent uplink reference subframe just after the downlink signal reception and switching delay, tpro. Because the scheduler has information on , the orthogonality problem can be resolved.

FIGURE 26

Resource allocation for uplink-downlink frame timing 

[image: ]

4.2.4.2	Timing relation between PRACH and PDCCH related AI

The uplink PRACH access frames are timing aligned with the reception of downlink PDCCH related to acquisition indicator (AI) access frame. Uplink access frame number n is transmitted from MES p-a subframes prior to the reception of downlink access frame number n, n=0, 1, …, 9. 
The PRACH/PDCCH timing relation is shown in Fig 27. The transmission offset off shall be a value between the range of off,max to off,max, where off,max is maximum transmission offset and is signalled by higher layers. The preamble-to-preamble distance p-p shall be larger than or equal to the minimum preamble-to-preamble distancep-p,min. In addition to pp,min, the preamble-to-AI distance p-a is defined as follows:

	when AI_Transmission_Timing is set to 0, then p-p,,min=300 subframes (thirty radio frames) and p-a=280 subframes (twenty eight radio frames);

–	when AI_Transmission_Timing is set to 1, then p-p,min, =560 subframes (fifty six radio frames) and p-a=540 subframes (fifty four radio frames).

The parameter AICH_Transmission_Timing is signalled by higher layers.

FIGURE 27

Timing relation between PRACH and AI as seen at the MES

[image: ]
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4.3	Channel multiplexing and coding

4.3.1	Mapping to physical channels

4.3.1.1	Uplink

Table 22 specifies the mapping of the uplink transport channels to their corresponding physical channels. Table 23 specifies the mapping of the uplink control channel information to its corresponding physical channel.

TABLE 22

Mapping of the uplink transport channels to physical channels

		Transport channel

		Physical channel



		UL-SCH

		PUSCH



		RACH

		PRACH





TABLE 23

Mapping of the uplink control channels to physical channels

		Control information

		Physical Channel



		UCI

		PUCCH, PUSCH





4.3.1.2	Downlink

Table 24 specifies the mapping of the downlink transport channels to their corresponding physical channels. Table 25 specifies the mapping of the downlink control channel information to its corresponding physical channel.

TABLE 24

Mapping of the downlink transport channels to physical channels

		Transport channel

		Physical channel



		DL-SCH

		PDSCH



		BCH

		PBCH



		PCH

		PDSCH



		MCH

		PMCH





TABLE 25

Mapping of the downlink control channels to physical channels

		Control information

		Physical channel



		CFI

		PCFICH



		HI

		PHICH



		DCI

		PDCCH





4.3.2	Channel coding, multiplexing and interleaving

Data and control streams from/to MAC layer are encoded /decoded to offer transport and control services over the radio transmission link.  Channel coding scheme is a combination of error detection, error correcting, rate matching, interleaving and transport channel or control information mapping onto/splitting from physical channels.

4.3.2.1	Generic procedure

4.3.2.1.1	CRC calculation

Error detection is provided on transport channel blocks through a CRC. The CRC is 24, 16, 8 or 
0 bits and it is signalled from higher layers which of CRC lengths should be used for each transport channel.

The entire transport block is used to calculate the CRC parity bits for each transport block. 
The parity bits are generated by one of the following cyclic generator polynomials:

–	gCRC24A(D) = [D24 + D23 + D18 + D17 + D14 + D11 + D10 + D7 + D6 + D5 + D4 + D3 + 
D + 1];

–	gCRC24B(D) = [D24 + D23 + D6 + D5 + D + 1] for a CRC length L = 24;

–	gCRC16(D) = [D16 + D12 + D5 + 1] for a CRC length L = 16;

–	gCRC8(D) = [D8 + D7 + D4 + D3 + D + 1] for a CRC length of L = 8.

4.3.2.1.2	Code block segmentation and code block CRC attachment

A codeblock consists of a set of data bits that are encoded together. The maximum codebook size is limited to Z=6144 bits. A transport block is a data block delivered by the MAC layer to the physical layer for transmission in a subframe of 1 msec. In multi-codeword MIMO transmission, transport blocks up to a maximum of two also referred to as codewords in MIMO context can be transmitted in a single subframe. The transport blocks larger than the maximum code block size need to be segmented into multiple codeblocks. If the number of filler bits is not 0, filler bits are added to the beginning of the first block.

Figure 28 shows CRC attachment for multiple code blocks. A TB-level CRC computed based on all information bits of that transport block is attached to the TB. The entire transport block along with the TB-level CRC is then segmented into multiple code block segments. A CRC is then computed for and attached to each segment independently.

FIGURE 28

CRC attachment for multiple code blocks

[image: ]

4.3.2.1.3	Channel coding

For the channel coding in SAT-OFDM, two schemes can be applied:

–	tail biting convolutional coding;

–	turbo coding.

Channel coding selection is indicated by upper layers. In order to randomize transmission errors, symbol interleaving is performed further.

TABLE 26

Usage of channel coding scheme and coding rate for Transport Channels

		Transport Channels

		Coding scheme

		Coding rate



		UL-SCH

		Turbo coding

		1/3



		DL-SCH

		

		



		PCH

		

		



		MCH

		

		



		BCH

		Tail biting convolutional coding

		1/3





TABLE 27

Usage of channel coding scheme and coding rate for control information

		Control Information

		Coding scheme

		Coding rate



		DCI

		Tail biting convolutional coding

		1/3



		CFI

		Block code

		1/16



		HI

		Repetition code

		1/3



		UCI

		Block code

		variable



		

		Tail biting convolutional coding

		1/3







4.3.2.1.3.1	Tail biting convolutional coding

A tail biting convolutional code with constraint length 7 and coding rate 1/3 is defined.

The configuration of the convolutional encoder is presented in Figure 29.

FIGURE 29

Rate 1/3 tail biting convolutional encoder





4.3.2.1.3.2	Turbo coding

The scheme of turbo encoder is a Parallel Concatenated Convolutional Code (PCCC) with two 
8-state constituent encoders and one turbo code internal interleaver. The coding rate of turbo encoder is 1/3. The structure of turbo code is illustrated in Figure 30.

The transfer function of the 8-state constituent code for the PCCC is:

G(D) = [image: ],

where

	g0(D) = 1 + D2 + D3,

	g1(D) = 1 + D + D3. 

FIGURE 30

Structure of rate 1/3 turbo encoder (dotted lines apply for trellis termination only)





4.3.2.1.4	Rate matching

4.3.2.1.4.1	Rate matching for turbo coded transport channels

The rate matching for turbo or convolutionally coded transport channels and control information is defined per coded block and consists of interleaving the three information bit streams, followed by the collection of bits and the generation of a circulation buffers as depicted in Figure 31.

The rate 1/3 turbo code generates a stream of systematic bits, a stream of parity bits from the first constituent convolutional code (parity 1 bits), and a stream of parity bits from the second constituent convolutional code (parity 2 bits). Each of those three streams is interleaved separately by subblock interleavers. Furthermore, the interleaved parity 1 and 2 bits are interlaced. During the hybrid ARQ rate-matching procedure, each transmission reads from the buffer, starting from an offset position and increasing the bit index. If the bit index reaches a certain maximum number, the bit index is reset to the first bit in the buffer.

The convolutional code has no systematic bits as the outputs of the convolutional code are three parity streams. Similar to turbo code, subblock interleaving is performed separately on each of the output streams. The difference with the turbo code is that interleaved parity bits are not interlaced. Also, there are no redundancy version starting points since hybrid ARQ operation is not used for convolutionally coded transport channel.

FIGURE 31

Rate matching for turbo encoded transport channels







4.3.2.1.5	Code block concatenation

The codeblock concatenation only needs to be done when the number of codeblocks is larger than one for the turbo coding case. The codeblock concatenation consists of sequentially concatenating the rate-matching outputs for the different codeblocks.

4.3.2.2	Uplink transport channels and control information

4.3.2.2.1	Random access channel

The sequence index for the random access channel is received from higher layers and is processed according to section 4.2.2.6.

4.3.2.2.2	Uplink shared channel

Figure 32 shows the processing structure for the UL-SCH transport channel on one UL cell. Data arrives to the coding unit in the form of a maximum of two transport blocks every transmission time interval (TTI) per UL cell. The following coding steps can be identified for each transport block of an UL cell:

–	Add CRC to the transport block

–	Code block segmentation and code block CRC attachment

–	Channel coding of data and control information

–	Rate matching

–	Code block concatenation

–	Multiplexing of data and control information

–	Channel interleaver.



FIGURE 32

Transport block processing for UL-SCH

[image: ]



4.3.2.2.3	Uplink control information (UCI) on PUCCH

Data arrives to the coding unit in the form of indicators for measurement indication, scheduling request and HARQ acknowledgement. Figure 33 shows processing for UCI.

Three forms of channel coding are used, one for the channel quality information CQI/PMI, one of other for HARQ-ACK (acknowledgement) and scheduling request and the other for combination of CQI/PMI and HARQ-ACK.

FIGURE 33

Processing for UCI





4.3.2.2.4	Uplink control information on PUCCH without UL-SCH data

When control data are sent via PUSCH without UL-SCH data, the following coding steps can be identified:

–	Channel coding of control information

–	Control information mapping

–	Channel interleaver.

4.3.2.3	Downlink transport channels and control information

4.3.2.3.1	Broadcast channel

Figure 34 shows the processing structure for the BCH transport channel. Data arrives to the coding unit in the form of a maximum of one transport block every transmission time interval (TTI) of 40 ms. The following coding steps can be identified:

–	Add CRC to the transport block

–	Channel coding

–	Rate matching.

FIGURE 34

Processing for BCH





4.3.2.3.2	Downlink shared channel, Paging channel and Multicast channel

Figure 35 shows the processing structure for each transport block for the DL-SCH, PCH and MCH transport channels. Data arrives to the coding unit in the form of a maximum of two transport blocks every transmission time interval (TTI) per DL cell. The following coding steps can be identified for each transport block of a DL cell:

–	Add CRC to the transport block

–	Code block segmentation and code block CRC attachment

–	Channel coding

–	Rate matching

–	Code block concatenation.

FIGURE 35

Transport block processing for DL-SCH, PCH and MCH





4.3.2.3.3	Downlink control information (DCI)

A DCI transports downlink or uplink scheduling information, requests for aperiodic CQI reports, notifications of MCCH change or uplink power control commands for one cell and one RNTI.
The RNTI is implicitly encoded in the CRC.

Figure 36 shows the processing structure for one DCI. The following coding steps can be identified:

–	Information element multiplexing

–	CRC attachment

–	Channel coding

–	Rate matching.

FIGURE 36

Processing for one DCI







4.3.2.3.4	Control format indicator (CFI)





Data arrives to the coding unit in the form of an indicator for the time span, in units of OFDM symbols, of the DCI in that subframe of the corresponding DL cell. The CFI takes values CFI = 1, 2 or 3. For system bandwidths , the span of the DCI in units of OFDM symbols, 1, 2 or 3, is given by the CFI. For system bandwidths , the span of the DCI in units of OFDM symbols, 2, 3 or 4, is given by CFI+1.

The coding flow for CFI is shown in Figure 37.

FIGURE 37

Coding for CFI





4.3.2.3.5	HARQ indicator (HI)

Data arrives to the coding unit in the form of indicators for HARQ acknowledgement for one transport block.

The coding flow for HI is shown in Figure 38.

FIGURE 38

Coding for HI





[bookmark: _Toc256855000]4.4	Physical layer procedures

4.4.1	Beam search

A beam search procedure is used by the Ues to acquire time and frequency synchronization within a cell and to detect the cell identity. In the SAT-OFDM, beam search supports a scalable transmission bandwidth from 1.08 and 19.8 MHz. The beam search is assumed to be based on two signals transmitted in the downlink, the synchronization signals and broadcast control channel (BCH).

The primary purpose of the synchronization signals is to enable the acquisition of the received symbol timing and frequency of the downlink signal. The beam identity information is also carried on the synchronization signals. The UE can obtain the remaining beam/system specific information from the BCH. The primary purpose of the BCH is to broadcast a certain set of beam and/or system specific information. After receiving synchronization signals and BCH, the UE generally acquires information that includes the overall transmission bandwidth of the beam, beam ID, number of transmit antenna ports and cyclic prefix length, etc.

The following signals are transmitted in the downlink to facilitate the following beam search: the primary and secondary synchronization signals.

Step 1: I UE first looks for the primary synchronization signal (PSS) which is transmitted in the last OFDM symbol of the first time slot of the first subframe (subframe 0) in a radio frame. This enable the UE to acquire the slot boundary independently form the chosen cyclic prefix selected for this beam. The PSS is transmitted twice per radio frame, so it is repeated in subframe 5. This enables the UE to get time synchronized on a 5 ms basis, which was selected to simply the required inter-frequency and inter-RAT measurement.

Step 2: After the UE has found the 5 ms timing, the second step is to obtain the radio frame timing and the cell’s group identity. This information can be found from the secondary synchronization signal (SSS). In the time domain, the SSS is transmitted in the symbol before the PSS. The SSS also has 5 ms periodicity, which means it is transmitted in the first and sixth subframes.

4.4.2	Timing synchronization

Upon reception of a timing advance command, the UE shall adjust its uplink transmission timing for PUCCH/PUSCH/SRS. The timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiple of 16Ts.The resource scheduling method for this transmission timing adjustments in satellite environments is specified in section 4.2.4.1.

The start timing of the random access preamble and random access response is specified in section 4.2.4.2. 

4.4.3	Power control

4.4.3.1	Uplink power control

4.4.3.1.1	Operation in normal mode

The uplink power control is based on both signal-strength measurements done by the terminal itself (open-loop power control), as well as measurements by the base station. The later measurements are used to generate power control commands that are subsequently fed back to the terminals as part of the downlink control signalling (closed-loop power control). Both absolute and relative power-control commands are supported. The available relative power adjustments (“step size”) in case of relative power control are [-1 dB 0 dB  +1 dB +3 dB]. The time between power-control commands can be down to 1ms. The minimum transmission power, -40 dBm, yielding a dynamic of -40 to 23 = 63 dB 
for a terminal with maximum power 23 dBm.

4.4.3.1.2	Operation in enhancing mode

[The uplink power control is based on both signal-strength measurements done by the terminal itself (open-loop power control), as well as measurements by the base station.

Even through the uplink uses orthogonal SC-FDMA access, high level of interference from neighboring beams can still limit the uplink coverage if Ues in the neighboring beams are not power controlled. By performing the slow power control scheme on each UE uplink transmission power in order to compensate for path-loss and shadowing, the average inter-cell interference level received at the satellite is effectively reduced.

For the uplink, an event-based combined open-loop and closed-loop power control algorithm is applied.

The uplink power control adjust the UE transmission power in order to keep the transmission power spectral density  (PSD) at a given PSD target for each MCS, PSDtarget. The uplink power control shall be performed while the UE transmission power is below the maximum allowed output power.

Any change in the uplink transmission power shall take place immediately before the start of the frame. The change in power with respect to its previous value is derived by the UE and is denoted by UP (dB).

The satellite-RAN should estimate power spectral densityPSDest of the received uplink SRS, generate TPC commands, and transmit the commands once per more than one radio frame according to the following rule:

Define the variable:

	(i) =	PSDestPSDtarget for a given MCS level;

	p(i) =	power control step whose value is determined according to the ith frame’s TPC_cmd,where the step sizes are [-1 dB 0 dB  +1 dB +3 dB] under the control of the Satellite-RAN;

	Nframe =	loop delay expressed in frames,

And then, p(i) is generated by using  and the past Nframe power control steps p(k), k = I  Nframe  1, ..., I  1 as follows:

Compute:



		

where the loop delay compensation indicator,  G1(0 ≤ G1≤1) is the higher layer parameter and is identical for all MESs in the same beam. When SRS can be used for channel estimation, the value  has one otherwise zero.

–	if |,c|  <T and ,c<0,  p(i)  =1 dB

–	if |,c|  <T and ,c>0,  p(i)  =0 dB

–	if |,c|  <T and ,c<0,  p(i)  =3 dB

–	if |,c|  >T and ,c>0,  p(i)  =-1 dB.

The MES adjusts the transmit power of the uplink DSCH with a step of UP (dB) using two most recently received power control steps, p(i) and p(I  1) as follows:

		UP = p(i)-p(I  1)

where  is identical to that used in the serving beam and is signalled by the higher layer.]

4.4.3.2	Downlink power control

4.4.3.2.1	Operation in normal mode

Downlink power control is network-implementation specific. A simple and efficient power control strategy is to transmit with a constant output power. Variations in channel condition and interference level are adapted to by means of scheduling and link adaptation rather than with power control.

4.4.3.2.2	Operation in enhancing mode

[Dynamic power control is applied to dedicated control channels addressed to a single UE or a group of Ues. No feedback of TPC commands is provided on the uplink and power allocation is based on the downlink channel quality feedback from the Ues. Different power levels can be allocated to different resource blocks used for data transmission in a semi-static way to support inter-beam interference coordination (IBIC). Moreover, two different power levels can be defined on OFDM symbols used for data transmission within a subframe to improve satellite RAN power utilization. However, different power levels across antenna ports to resolve the spatial domain power imbalance are not permitted.

In order to decide suitable MCS level from the downlink channel quality feedback, I UE may employ prediction algorithm which estimates the future channel condition after the round trip delay. Prediction for the channel variation can be implemented by observing the trace of the past channel variations of the common channel in the active set. In order to support Ues which employ the prediction algorithm, a nominal round trip delay of the beam to which the UE belongs is signalled by higher layers. The predicted channel variation after round trip delay, pred, is used by the satellite RAN.





where the prediction gain, G is the higher layer parameter and may be different for each MES in the same beam.

Basically, adaptive modulation coding (AMC) scheme is applied in downlink transmission instead of power control. But power control can be applied in downlink transmission to keep low PAPR as follows.

–	Step 1: Monitor the large scale fading values (Lk) experienced by Ues

–	Step 2: Count the number of Ues (Nu) satisfying Lk > Bo

–	Step 3: If Nu < B1, count the number of total subcarriers (Nc) used by Nu Ues.

	Otherwise, AMC mode operation is done.

–	Step 4: If Nc < B2, power control mode is done.

	Otherwise, AMC mode operation is done..

where thresholds, Bo, B1 and B2 are signalled by high layer.]

4.5	Satellite- specific features for performance enhancement

The SAT-OFDM has a high degree of commonality with the LTE based terrestrial radio interface but it also has a number of different features. Those features, which are necessary to reflect the satellite-specific characteristics, such as long round trip delay, are implemented. For this purpose, the following techniques are included for enhancing mode operation.

[Editor’s note: Detailed specifications on the following subsections will be continuously updated in future meetings for performance enhancements]

4.5.1	Long-time interleaver for efficient AMC operation

This scheme is used for an efficient AMC operation in satellite environment. 

Considering the RTD of a GEO system, the AMC of the satellite systems cannot effectively counteract to short term fadings. A long time-interleaving technique can be used in conjunction with AMC to compensate the short term fadings.

After turbo coding with mother code rate of 1/3, rate mating is applied to produce various code rate for adaptive usage. Interleaving is applied to data blocks composed of resource elements (Res) of traffic data after the baseband modulation and before RB mapping and IFFT for OFDM modulation.

Figure 39 shows an example of data formation for interleaving and OFDM symbol mapping before IFFT, when interleaver size is 120 msec. The example assumes that a single user is allocated to 6 resource blocks (RBs), i.e. 720 resource elements (Res) with 1.4 MHz bandwidth. Traffic data contained in a codeword of 1 msec is divided into 120 blocks for interleaving, and each block is called an Interleaving unit (IU). Figure 39 shows the configuration of the corresponding square type block interleaver which can be used to implement interleaving in Figure 39. Although Figure 40 shows a block type interleaver, an equivalent convolutional type interleaver can be used to reduce memory size of the interleaver. With the interleaver, a codeword consists of 120 Ius, and an IU contains different number of Res depending on the allocated bandwidth.. The notation C12 in a single IU in Figure 40 represents the second segment of first codeword. When interleaving is operated, the transmission will start from the first element of the first column, and continue to the last element of the same column. Then, it will continue from the first element of the second column with the same manner up to the last element of the last column. Table 28 represents interleaver parameter examples according to the allocated bandwidth.

FIGURE 39

An example of data formation for interleaving and OFDM symbol mapping
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FIGURE 40

An example of square type block interleaver

[image: 설명: EMB000019143ac2]

TABLE 28

Long-time interleaver parameter examples

		Allocated bandwidth (MHz)

		No. of RBs

		No. of Res

		Interleaver size 

(msec)

		No. of Res in an IU

		No. of Ius /msec



		1.4

		6

		720

		120

		6

		120



		

		

		

		360

		2

		360



		

		

		

		720

		1

		720



		3

		15

		1800

		120

		15

		180



		

		

		

		360

		5

		360



		

		

		

		1 800

		1

		1 800



		5

		25

		3000

		120

		25

		120



		10

		50

		6000

		120

		50

		120



		15

		75

		9000

		120

		75

		120



		20

		100

		12000

		120

		100

		120







4.5.2	Fractional frequency reuse within multi beams

This scheme is used to support broadband satellite services as well as to increase spectral efficiency in multi-beam satellite system. It can also be applied without any modification of LTE chipset in normal mode because it is implementation specific.

For fraction frequency reuse (FFR) within multi beams, satellite RAN shall obtain UE location information in order to distinguish beam centre Ues from beam edge Ues. The location information can be given during the random access trial of an UE, on the help of GPS mounted in an UE, or with the received SINR values from target and adjacent beams into an UE. 

When the UE timing information from the random access trial is obtained by satellite RAN, it is given as follows:

–	if θ1 < TRTD_difference <  θ2, the UE is located at beam centre region;

–	otherwise, the UE is located at beam edge region.

Where TRTD_difference is round trip delay difference between the target UE and the UE that has minimum round trip delay within the target beam, and the threshold values, θ1 and θ2 are high layer parameters.

When the received downlink SINRs from target and adjacent beams are estimated by an UE, the UE timing information can be also given as follows:

–	if θ3 < , the UE is located at beam centre region;

–	otherwise, the UE is located at beam edge region.

Where the threshold value, θ3 is a high layer parameter.

The location information obtained by the UE shall be sent to satellite RAN as followings:

–	if the UE is located at beam centre region, “0” is sent;

–	if the UE is located at beam edge region, “1” is sent.

In a case of the application of fractional frequency reuse in a multi-beam satellite system, each beam is partitioned into two regions and each frame should be divided into two time sections, T1 and T2, in each beam, as shown in Figure 41. The first section, T1 is allocated to Ues in the beam centre, and all subcarriers are used for transmission during this time period. On the other hand, 
the second time section, T2 is allocated to Ues in the beam edge. During this time period, only identified fractional subcarriers out of whole subcarriers from the MAC is used. The values, T1 and T2 are determined by high layer, considering total system throughput and inter-beam interference. In addition, the SAT-OFDM system includes inter-beam interference coordination (IBIC) technique which enables the satellite RAN to pass overload and high interference information among multi-beams. This can be used with FFR by the satellite RAN to dynamically adjust power of RBs allocated in a beam for inter-beam interference mitigation in beam edge regions. 

FIGURE 41

Frame structure for fractional frequency reuse
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4.7.3	Coordinated multi-beam transmission

This scheme is used for performance enhancement in beam-edge region and reduction of inter-beam interference. It can also be applied without any modification of LTE chipset in normal mode because it is implementation specific on the satellite transmitter.

For coordinated multi-point transmission (CoMT) within multi beams, satellite RAN shall obtain UE location information in order to distinguish between beam centre Ues and beam edge Ues. The location information can be given on the help of GPS mounted on Ues or with the received SINR values from target and adjacent two beams into an UE. 

When the received downlink SINRs from target and adjacent two beams are estimated by an UE, it can be also given as follows:

–	if θ4 <, the UE is located at beam centre region;

–	if θ5 < < θ4,  the UE is located at two beams-overlapped  region;

–	otherwise, the UE is located at three beams-overlapped region.

Where the threshold value, θ4 and θ5 is a high layer parameter.

The location information obtained by Ues shall be sent to satellite RAN as follows:

–	if the UE is located at beam centre region, “00” is sent;

–	if the UE is located at two beams overlapped region, “01” is sent;

–	if the UE is located at three beams overlapped region, “11” is sent.

In the CoMT scheme, multiple satellite beams cooperate to transmit signals to an UE. That is, the CoMT scheme means a multi-beam transmission scheme that enables a signal from an adjacent beam to improve a communication service quality. Figure 42 shows a system using a CoMT scheme. 
The satellite transmits signals for UE1 to UE3 through beam 1. UE1 represents terminals located in the beam centre region, UE2 represents terminals located in the area where two beams are overlapped, and UE3 represents terminals located in the area where three beams are overlapped. 
In the CoMT, UE2 and UE3 may receive multiple signals from all available overlapped beams, resulting in performance enhancement.

FIGURE 42

Coordinated multi-point transmission
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Figure 43 represents an example of beam planning for multi-beam CoMT MSS system consisting of one beam and six adjacent beams. In the multi-beam MSS system, a signal is transmitted on the same frequency band f1 from all beams to realize the frequency reuse factor of one. All beams are divided into beam centre region, two beams-overlapped region and three beams-overlapped region.

Figure 44 shows one example of frame structure to realize the beam planning of Figure 42 for the CoMT in SAT-OFDM based MSS system. In this figure, one frame is divided into three transmission intervals in time domain and three subcarrier groups in frequency domain. The transmission intervals, T1, T2, and T3 are allocated to a beam centre UE, a two beams-overlapped UE, and a three beams-overlapped UE, respectively. The beam centre UE can receive its own signal over whole subcarrier during T1 while the two beams and three beams-overlapped Ues can have frequency resources over only predetermined fractional part of whole subcarriers such as subcarriers groups SC1 to SC3 and SC1’ to SC3’. The size of each subcarrier group and time interval can be flexibly decided in satellite RAN depending on the traffic demand over each corresponding region.

FIGURE 43

Beam planning for CoMT
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FIGURE 44

Frame structure in beam 1 for CoMT
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In two beams-overlapped regions, the following signal is transmitted applying to cyclic delay diversity (CDD) between two beams.



where xk is an user data on the kth subcarrier, yki (i=0, 1) is the transmitted signal from the ith beam, and  is the phase shift on the kth subcarrier signalled by high layer due to the delay operation.

In three beams-overlapped regions, the following signal is transmitted applying to CDD between two beams.



where xk is an user data on the kth subcarrier, yki (i=0, 1, 2) is the transmitted signal from the ith beam, and  and  are the phase shift on the kth subcarrier signalled by high layer due to the delay operation.

4.7.5	Cooperative transmission between a satellite and CGCs

This scheme is used for performance enhancement in an integrated satellite/CGC configuration. It can also be applied without any modification of LTE chipset in normal mode because it is implementation specific on the transmitters of satellite and CGCs.

Figure 45 shows the concept of system model where a cooperative diversity technique is employed. The satellite transmits data to the UEs and all ground components. In order to achieve diversity gains via utilization of space-time coding (STC) schemes, each of the ground components must transform the received signals into a given encoded signal format, and retransmit them to the UE. The ground components and satellite can cooperate to transmit space-time coded signals, and the ground components can encode signals rather than serving as simple amplifiers. 
An UE can receive the STC-encoded signals. If the UE receives multiple signals from both repeaters and the satellite, then it can achieve STC gains using these signals.

In addition, a delay compensation algorithm is required. Since the processing delay to transform to a given STC encoded format at the ground component as well as time difference of propagation delay between the links from the satellite and ground components can be estimated, the delay compensation for the signal paths of the ground components can achieve successful synchronization at the UE. For example, as shown in Figure 45, a coarse and fine compensation can be made at the satellite gateway and each ground component, respectively.

FIGURE 45

An example of system model using cooperative diversity technique for an integrated system





4.7.6	Narrowband RB uplink transmission

This scheme is used to increase supportable maximum data rate in handheld type terminals.

In general, MSS system would be power-limited system and a hand-held terminal has a limited maximum transmitted power. Considering that total transmitted power would be distributed over whole subcarriers in one RB, the large RB size of 180 kHz in normal mode may not be allocated with sufficient power in handheld terminals. In this case, high modulation and coding rate scheme may not be supported. A narrowband RB transmission may be defined in order to solve this problem. For high layer commonality, the size of transport block in the RB is same as in normal mode.




Figure 46 shows PUSCH structure in order to support narrowband transmission.

FIGURE 46

Uplink PUSCH channel structure for narrowband transmission
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Figure 46(a) shows the normal mode PUSCH structure with the large RB size of 180 kHz, which has 12 subcarriers and 2 slots. The information bits are first channel-coded with a turbo code of mother code rate with 1/3, which is adapted to a suitable final code rate by a rate-matching process. This is followed by symbol-level channel interleaving, which follows a simple ‘time-first’ mapping – in other words, adjacent data symbols end up being mapped first to adjacent SC-FDMA symbols in the time domain, and then across the subcarriers. The coded and interleaved bits are then scrambled by a length-31 Gold code prior to modulation mapping, DFT-spreading, subcarrier mapping and OFDM modulation. For channel estimation and data demodulation, a reference signals (RSs) 1 and 2 are transmitted in each even-numbered and odd-numbered slots of a TTI, respectively.

Figure 46(b) shows the narrowband PUSCH structure with the RB size of 90 kHz, which has 6 subcarriers and 4 slots. Its channel bandwidth is decreased to the half and TTI is increased to twice, compared to those of the conventional PUSCH. A simple ‘time-first’ mapping is also made for efficient transmission in power-limited satellite uplink. Within one TTI, adjacent data symbols end up being mapped first to adjacent SC-FDMA symbols in the time domain, and then across the subcarriers. On the other hand, in order to reuse the conventional RSs 1 and 2 in narrowband PUSCH and get a time diversity gain, the first half of RSs 1 and 2 are transmitted in the first and second slots, respectively, and then the rest half of RSs 1 and 2 are mapping in the third and fourth slots, respectively.




In a similar way to Figure 46(b), Figures 46(c) and (d) also show the proposed narrowband PUSCH structure with the RB sizes of 45 and 30 kHz, respectively. The number of subcarriers in the narrowband PUSCHs is limited to products of 2, 3 and 5 for commonality with terrestrial LTE because DFT size in terrestrial LTE is limited to those for low complexity of DFT implementation.

When satellite RAN delivers uplink resource allocation information to an UE, it shall include uplink PUSCH format information via the following format indicators.

–	if PUSCH with the RB size of 180 kHz is used, the format indicator “00” is sent by satellite RAN;

–	if PUSCH with the RB size of 90 kHz is used, the format indicator “01” is sent by satellite RAN;

–	if PUSCH with the RB size of 45 kHz is used, the format indicator “10” is sent by satellite RAN;

–	if PUSCH with the RB size of 30 kHz is used, the format indicator “11” is sent by satellite RAN.

Because the normal mode is operated with 180 kHz size of RB, narrowband PUSCHs shall be grouped with 180 kHz bandwidth size within one TTI in order to be compatible with normal mode as well as terrestrial LTE.

In the same principle, PUCCH structure is shown in Figure 47. PUCCH is used by a UE to transmit any necessary control signalling only in subframes, in which the UE has not been allocated any RBs for PUSCH transmission. The control signalling on the PUCCH is transmitted in a frequency region on the edges of the system bandwidth.  In order to minimize the resource needed for transmission of control signalling in one subframe, each PUCCH transmission in one subframe is comprised of a single RB at or near one edge of the system bandwidth, followed by a second RB at or near the opposite edge of the system bandwidth, as shown in Figure 47. Similarly to PUCCH structure, Figures 47(a) and 47(b) represent the normal mode PUCCH formats 1 and 2 and their narrowband transmissions for adaptation to satellite uplink. Figure 47(b) shows the narrowband PUCCH structure with the RB size of 90 kHz, which has 6 subcarriers and 4 slots. Other narrowband PUCCH structures can be applied in a imilar way to Figure 46(c) and 46(d) for narrowband PUSCH structures.

FIGURE 47

Uplink PUCCH channel structure for narrowband transmission
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When satellite RAN delivers uplink resource allocation information to an UE, it shall include uplink PUCCH format information via the following format indicators.

 –	if PUCCH with the RB size of 180 kHz is used, the format indicator “00” is sent by satellite RAN;

–	if PUCCH with the RB size of 90 kHz is used, the format indicator “01” is sent by satellite RAN;

–	if PUCCH with the RB size of 45 kHz is used, the format indicator “10” is sent by satellite RAN;

–	if PUCCH with the RB size of 30 kHz is used, the format indicator “11” is sent by satellite RAN.

Because the normal mode is operated with 180 kHz size of RB, narrowband PUCCHs shall be grouped with 180 kHz bandwidth size within one TTI in order to be compatible with normal mode as well as terrestrial LTE. In addition, multiplexing narrowband PUCCH with normal mode PUCCH can be considered in order to reduce the resources used for PUCCH transmission.

4.7.7	Downlink transmission scheme with low PAPR

This scheme is used to reduce peak to average power ratio (PAPR) in downlink transmission of the enhancing mode. Because SAT-OFDM downlink shall support both normal and enhancing mode Ues in downlink frame, only MBSFN subframes indicated to normal mode UE are used as subframes to transmit signals of enhancing mode Ues.  For compatible operation with normal mode Ues Multiplexing enhancing mode Ues with normal mode Ues within one radio frame is achieved according to the flow in Figure 48.

FIGURE 48

Downlink OFDMA transmission combined with SC-FDMA








Figure 49 shows an example of frame structure for downlink transmission with low PAPR in enhancing mode Ues. The subframe #0, 4, 5, and 9 shall be used for normal mode Ues and other subframes can be used for enhancing mode Ues. The normal mode UE recognizes the subframes for enhancing mode Ues as MBSFN subframes. System information (SI) on which of subframes are used for enhancing mode (or MBSFN) is transmitted to Ues via PBCH. The first one or two symbols of MBSFN subframes shall be used for PDCCH for normal mode Ues but the normal mode Ues do not receive data on the other symbols of MBSFN subframes. Therefore, the other symbols of MBSFN subframes can be used for single carrier transmission with low PAPR for performance enhancement of enhancing mode Ues from non-linearity of power amplifier in satellite. When satellite RAN control the subframe #4 and 9 not be used for paging, they can also be used for enhancing mode Ues.

FIGURE 49

Frame structure for downlink transmission with low PAPR
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Generation of an SC-FDMA signal for enhancing mode Ues in the frequency domain use a Discrete Fourier Transform-Spread OFDM (DFT-S-OFDM) structure as shown in Figure 50.

FIGURE 50

Downlink transmission block with low PAPR





RE mapping for data symbol and RS mapping for RS symbol apply to the same rule for normal mode operation. The size of Z-point DFT depends on the number of subcarriers used for data and RS symbol in normal mode OFDMA transmission according to flexible useful bandwidth. The RBs for Ues shall be continuously mapped in order to keep single carrier property.

The SC-FDMA downlink transmission can give more tolerance to non-linearity of power amplifier for performance enhancement in enhancing mode Ues.

4.7.8	Efficient AMC scheme combined with power control

A channel quality indicator (CQI) structure in normal mode is changed for the AMC scheme combined with power control. The five bits are allocated in the normal mode to identify 32 MCS modes. But in enhancing mode the five bits are divided into two parts: the first n bits are allocated to identify MCS modes, and the other (5-n) bits are allocated for power control where the parameter, n is signalled by high layer. When the (5-n) bits are used for power control, the 2(5-n) different power control steps are defined using (5-n) bits. If the reported channel state (RCS) at t corresponds to the kth power level, an UE sends the message to transmit in the 2(5-n)th power level. After satellite RAN receives a CQI showing that the receive power level was at the kth level, the transmitting power level is adjusted as follows:

	Transmit_Power(t) = Transmit_Power (t-1) + (25-n – k)·α

where α is a power difference between ith and (i+1)th power control steps.

FIGURE 51

AMC scheme combined with power control 



 

In Figure 51, RSth(i) and ΔRSth represent the lower bound of channel state at MCS mode I and the lower bound difference of channel states at MCS modes I and (i+1), respectively. 

4.7.9	HARQ/ARQ interaction

Each of the HARQ and the ARQ independently performs an assigned task in a corresponding layer, and an interacting method between the HARQ and the ARQ is a method of improving a transmission efficiency by interacting between an HARQ operation performed in an MAC layer or a physical layer and an ARQ operation performed in a radio link control (RLC) layer. Basically, It reports feedback information received from the HARQ to the ARQ layer to enable the ARQ to perform prompt retransmission and to cope with an HARQ feedback error. Accordingly, the transmission efficiency can be improved by using the interacting method between the HARQ and the ARQ.

The transmission window is basically operated according to the HARQ feedback information and the waiting window is operated according to the status PDU. The transmission window is operated based on the VT(A), VT(S), and VT(MS) of the RLC transmission window, and the waiting window is operated based on the VT(CA).

The transmission window is operated in the manner described in normal mode, and only an operation scheme of the VT(A) is corrected according to the HARQ feedback information.  In general, the VT(A) is updated based on a received positive acknowledgment signal, namely ACK of the status PDU.  However, it is defined that the VT(A) is updated based on inner feedback information with respect to reception of ACK.

Also, the VT(CA) of the waiting window is defined to be updated based on an ACK with respect to the status PDU.  In a case of separately managing the transmission window and the waiting window, the transmission window is operated according to inner ACK information from the HARQ, thereby promptly transmitting a subsequent protocol data unit (PDU), and also it is recognized that the HARQ is being retransmitted, when a packet that receives a reception negative acknowledgment signal, namely NACK, from the status PDU does not exist in the waiting window, thereby preventing unnecessary retransmission.

The VT(CA) has the SN value of a subsequent data packet for which an ACK is to be received via the status PDU according to a sequence, and is provided to the waiting window, as a lower value.

FIGURE 52

Window structure for HARQ/ARQ interaction 








4.7.10	Modified RBG group size for resource allocation

In normal mode, the size of resource block group (RBG) is determined according to system bandwidth as seen in Table 29. On the other hand, in enhancing mode the maximum size of RBG is additional defined according to an UE type as shown in Table 30. In order to support smaller size of RBG in handheld type over wide system bandwidth, the size of RBG is determined in enhancing mode as following:

RBG_Size = min (the size of RBG from system bandwidth, Maximum size of RBG from UE type)

TABLE 29

The size of RBG from system bandwidth

		System bandwidth

(The number of RBs)

		The size of RBG

(The number of RBs)



		10 or less

		1



		11~26

		2



		27~63

		3



		64~110

		4







TABLE 30

The size of RBG from UE type

		UE type

		The size of RBG

(The number of RBs)



		Handheld class 1, 2, 3

		1



		Portable

		2



		Vehicular, Transportable

		4
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Annex 1

Abbreviations



ACK	Acknowledgement

AI	Acquisition indicator

AMC	Adaptive modulation and coding

ARQ	Automatic repeat request 

3GPP	3rd Generation partnership project 

BPSK	Binary phase shift keying

BCH	Broadcast channel

CFI	Control format indicator

CGC	Complementary ground component

CoMT	Coordinated multi-point transmission

CP	Cyclic prefix

CRC	Cyclic redundancy check

CRS	Cell-specific reference signals

CSI	Channel state information

CQI	Channel quality information

DCI 	Downlink control information

DFT	Discrete fourier transform

DM-RS	Demodulation reference signals

DL	Downlink

DL-SCH	Downlink synchronization channel

EIRP	Equivalent isotropically radiated power

FDD	Frequency division duplexing

FDMA	Frequency division multiple access

FFR	Fractional frequency reuse

GEO	Geo-stationary orbit

GPS	Global positioning system

G/T	Antenna gain-to-noise temperature

HARQ	Hybrid ARQ

HEO	Highly elliptical orbit

HI	HARQ indicator

IBIC	Inter beam interference cancelation

ICIC	Inter-beam interference coordination

IFFT	Inverse fast fourier transform

IMAP	Internet message access protocol

ITS	Intelligent transport systems

IU	Interleaving unit

LEO	Low earth orbit

LHCP	Left hand circular polarization

LTE	Long term evolution 

MBMS	Multimedia broadcast and multicast service

MBSFN	Multicast/broadcast over a single frequency network

MCH 	Multicast channel

MCS	Modulation and coding scheme

MEO	Medium earth orbit

MES	Mobile earth station

MIMO	Multiple input and multiple output antennas

MSS	Mobile satellite service

NACK	Negative-acknowledgement

N/A	Not applicable

OFDM	Orthogonal frequency division multiple

OFDMA	Orthogonal frequency division multiple access

PAPR	Peak to average power ratio

PBCH	Physical broadcast channel

PCCC	Parallel concatenated convolutional code

PCH	Paging channel

PCFICH	Physical control format indicator channel

PDCCH	Physical downlink control channel

PDSCH	Physical downlink shared channel

PDU	Protocol data unit

PHICH	Physical hybrid ARQ indicator channel

PMCH	Physical multicast channel

PRS	Positioning reference signals 

PRACH	Physical random access channel

PSD	Power spectral density

PSRACH 	Physical satellite random access channel

PUSCH 	Physical uplink shared channel

PUCCH	Physical uplink control channel

POP	Post office protocol

QoS	Quality of service

QPSK	Quadrature phase shift keying

RACH	Random access channel

RAN	Radio Access Network

RB	Resource block

RBG	Resource block group

RE	Resource element

RF	Radio frequency

RHCP	Right hand circular polarization

RLC	Radio link control

RS	Reference signal

Rx	Receiver

SC-FDMA	Single carrier frequency division multiple access

SCH	Synchronization signal

SI	System information

SIR	Signal to interference ratio

SRS	Sounding reference symbol

STC	Space-time coding

Tx	Transmitter

TTI	Transmission time interval

UCI	Uplink control information

UE	User equipment

UL	Uplink

VoIP	Voice over Internet protocol
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Republic of Korea

 self-evaluation of candidate satellite radio transmission technology for imt-advanced, “SAT-OFDM”



1	Description template

1.1	Description template – characteristic template



		Item

		Item to be described



		1.1.1

		Test environment(s)



		1.1.1.1

		What test environments does this technology description template address?

This technology description template addresses only one test environments i.e. open area. It will be updated to include other environments during the future meetings.



		1.1.2

		Radio interface functional aspects



		1.1.2.1

		Multiple access schemes

Which access scheme(s) does the proposal use: TDMA, FDMA, CDMA, OFDMA, IDMA, SDMA, hybrid, or another? Describe in detail the multiple access schemes employed with their main parameters.

Multiple assess based on a combination of

OFDMA:	Transmission to/from different UEs using mutually orthogonal frequency assignment. Subcarrier spacing: 15 kHz. Granularity in frequency assignment: One resource block consisting of twelve subcarriers -> 180 kHz. DFT-spread OFDM is applied for uplink

TDMA:		Transmission to/from different Ues with separation in time. Granularity: One of one subframe of length 1 ms

CDMA:		Inter-beam interference suppressed by processing gain of channel coding allowing for a frequency reuse

SDMA:	Possibility to transmit to/from multiple users using the same time/frequency resource



		1.1.2.2

		Modulation scheme



		1.1.2.2.1

		What is the baseband modulation scheme? If both data modulation and spreading modulation are required, describe in detail.

Describe the modulation scheme employed for data and control information.

What is the symbol rate after modulation?

Data and higher-layer control: QPSK, 16QAM

L1/L2 control: BPSK (uplink only), QPSK

Symbol rate: 168 ksymbol/s per 180 kHz resource block



		1.1.2.2.2

		PAPR

What is the RF peak to average power ratio after baseband filtering (dB)? Describe the PAPR (peak-to-average power ratio) reduction algorithms if they are used in the proposed RIT.

Downlink: PAPR=8.4 dB (99.9%)

Uplink: PAPR and Cubic Metric (CM) depends on modulation scheme and number of component carrier.

The cubic metric (CM) is a method of predicting the power de-rating from signal modulation characteristics and is found to be more useful than other metrics such as peak-to-average power ratio (PAPR)

For single-component-carrier transmission with a frequency-contiguous resource assignment:

–	QPSK: PAPR = 5.8 dB (99.9%), CM=1.2 dB

–	16QAM: PAPR = 6.5 dB (99.9%), CM =2.1 dB

Any PAPR-reduction algorithm is transmitter-implementation specific for uplink and downlink



		1.1.2.3

		Error control coding scheme and interleaving



		1.1.2.3.1

		Provide details of error control coding scheme for both downlink and uplink?

For example:

–	FEC or other schemes?

–	Unequal error protection? 

Explain the decoding mechanism employed.

For data: Rate 1/3 Turbo coding, combined with rate matching based on puncturing/repetition to achieve a desired overall code rate

For L1/L2 control: Rate-1/3 tail-biting convolutional coding. Special block codes for some L1/L2 control signaling

Decoding mechanism is receiver-implementation specific. One example of decoding mechanism use if the self-evaluation is minimum mean square error (MMSE) algorithm to decode Turbo code.



		1.1.2.3.2

		Describe the bit interleaving scheme for both uplink and downlink.

Bit interleaving is performed as part of the encoding/rate-matching process.

Additional interleaving is performed in uplink.

Furthermore, additional long-time interleaving for data service can be applied in order to adapt satellite environment.



		1.1.3

		Describe channel tracking capabilities (e.g. channel tracking algorithm, pilot symbol configuration, etc.) to accommodate rapidly changing delay spread profile

To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.



Downlink:

Cell-specific RS (CRS) are transmitted in every subframe and over the entire frequency band. Up to four different CRS can be transmitted within a cell, with each CRS corresponding to one of up to four cell-specific antenna ports, referred to antenna port 0 to 3 respectively. The CRS can be used for downlink channel estimation for coherent demodulation of physical channels transmitted from antenna ports 0 to 3. The CRS can also be used to derive channel-state information (CSI) for the corresponding antenna ports. The CSI can e.g. be used to assist scheduling (including link adaptation, precoder matrix/vector selection, etc). For the detailed structure of CRS.

UE specific RS can be used for downlink channel estimation for coherent demodulation of PDSCH (Physical Downlink Shared Channel). Up to four different UE-specific reference signals corresponding to up to eight layers can be transmitted from a UE point of view. In a given subframe, the UE-specific reference signal are only transmitted within the resource blocks that are used for PDSCH transmission to the specific UE within this subframe. The structure for the case of transmission from multiple antenna ports is an extension of the structure for the case of a single antenna port. In case of transmission from two antenna ports, the RS overhead is the same as for on antenna port. In case of more than two antenna ports the RS overhead is 24 resource elements per resource block.

CSI-RS can be used for estimation of channel state information (CSI) to further prepare feedback reporting to eNB (CQI for link adaptation, precoder matrix/vector selection, etc.) to assist beamforming and scheduling for up to four layers of transmission. CSI-RS are transmitted in every Nth subframe, where N is configurable.





Uplink:

Demodulation RS (DRS) can be used for channel estimator for coherent demodulation of the Physical Uplink Shared Channel (PUSCH) and the Physical Uplink Control Channel (PUCCH) Uplink DRS for demodulation of PUSCH are transmitted once every slot (twice every subframe) in the subframe in which PUSCH is being transmitted. Just one uplink DRS can be transmitted form a UE. The instantaneous bandwidth of the uplink DRS equals the instantaneous bandwidth of the corresponding PUSCH transmission. In case that precoding is supported. DRS is also precoded as same manner.

Sounding RS (SRS) can be used for estimation of uplink channel state information to assist uplink scheduling, uplink power control, and also assist the downlink transmission (e.g. the downlink beamforming in the scenario with UL/DL reciprocity). Uplink SRS are transmitted every Nth subframe, where N is configurable.

Details of channel-tracking estimation algorithms are receiver-implementation specific, e.g. MMSE-based channel estimation with appropriate interpolation in time and frequency domain could be used.



		1.1.4

		Physical channel structure and multiplexing



		1.1.4.1

		What is the physical channel bit rate (Mbit/s) for supported bandwidths?

i.e. the product of the modulation symbol rate (in symbols per second), bits per modulation symbol, and the number of streams supported by the antenna system.

The physical channel bit rate depends on the modulation scheme and number of spatial multiplexing layers. The physical channel bit rate per layer can be expressed as

Rlayer = Nmod x NRB x 168 kbps

where

–	Nmod is the number of bits per modulation symbol for the applied modulation scheme (QPSK:2, 16QAM: 4)

–	NRB is the number of resource blocks in the aggregated frequency domain which depends on the channel bandwidth (e.g. NRB=25 for 5 MHz, NRB=50 for 10 MHz, NRB=100 for 20 MHz). For channel bandwidths lager than 20 MHz (carrier aggregation), the channel bit rate will be scale accordingly.



		1.1.4.2

		Layer 1 and Layer 2 overhead estimation

Describe how the RIT accounts for all Layer 1 (PHY) and Layer 2 (MAC) overhead and provide an accurate estimate that includes static and dynamic overheads.

Downlink

The downlink L1/L2 overhead includes:

1.	Different types of reference signals

	a) CRS transmitted within each resource block

	b) URS

	c) CSI-RS

2.	L1/L2 control unction transmitted on the up to three  (four in case of 1.4 MHz bandwidth) first OFDM symbols of each subframe

1. Synchronization signal and physical broadcast control channel

1. PDU headers in L2 sub-layers (MAC/RLC/PDCP) 

Overhead due to 1, 2, and 3 is included in the self-evaluation.

The combined overhead due to CRS (1a) and L1/L2 control signaling (2) depends on the number of cell-specific antenna ports and the number of OFDM symbols used for the L1/L2 control signaling. The number of overhead resource elements per resource-block pair (168 resource elements in total) and the corresponding relative overhead is given by the table below in case of non-MBSFN subframes.







Overhead (number of resource elements per resource-block pair and in percentage) 
due to L1/L2 control signaling and cell-specific reference signals:

		

		Number of cell-specific antenna ports



		Control-region size

		1

		2

		4



		L=1

		18 (10.7%)

		24 (14.3%)

		32 (19.0%)



		L=2

		30 (17.9%)

		36 (21.4%)

		40 (23.9%)



		L=3

		42 (25%)

		48 (28.6%)

		52 (31.0%)







In case of MBSFN subframes, the overhead is reduced to the following according to the table below:

Overhead (number of resource elements per resource-block pair and in percentage) 
due to L1/L2 control signaling and cell-specific reference signals:

		

		Number of cell-specific antenna ports



		Control-region size

		1

		2

		4



		L=1

		12 (7.1%)

		12  (7.1%)

		12 (7.1%)



		L=2

		24 (14.2%)

		24 (14.2%)

		24 (14.2%)



		L=3

		36 (21.4%)

		36 (21.4%)

		36 (21.4%)





Note: All the subframes are assumed to be MBSFN subframe in overhead estimation above. 

The overall overhead depends on the fraction of MBSFN subframes. In self-evaluation, a fraction of 0% has been assumed 

The overhead due UE-specific reference signals (1b) depends on the number of UE-specific antennas ports and is given by the table below. Note that the overhead due to UE-specific reference signals is only present in resource blocks in which UE-specific reference signals are being transmitted. 

Overhead (number of resource elements per resource-block pair and in percentage) 
due to UE-specific reference signals:

		Number of antenna ports

		



		1-2

		12 (7.1%)



		3-4

		24 (14.3%)





The relative overhead due to synchronization signals and physical broadcast channel (3) depends on operation bandwidth. A total of 528 resource elements per 10 ms frame is used for the synchronization signals and PBCH for four CRS ports, corresponding to approximately 0.6% and  0.3%, overhead for 10 and 20MHz operation bandwidth, repectively.

The overhead due to PDU headers (4) highly depends on the data packet size, and is approximately 2.7%, 0.51% and 0.32% for L1 data rates of 1, 10 and 100 Mbit/s, respectively. This overhead is not included in the self-evaluation.

If present, the relative overhead due to CSI-RS (1c) is depended on the number of antenna and periodicity. In typical case it is estimated to 0.12% per antenna port (0.48% for four antenna ports)

The relative overhead due to UE-specific RS (if present) is estimated to be approximately 7% in case of Rank 1 and Rank 2 transmission, and 14% for Rank 3-4 transmission. 



Uplink

L1/L2 overhead includes:

1. Demodulation reference symbols used e.g. for uplink channel estimation for uplink coherent demodulation, transmitted once every 0.5 ms slot. 

1. Sounding reference signal (SRS) used for uplink channel-state estimation at the network side 

1. L1/L2 control signaling  transmitted on configurable amount of resource blocks

1. L2 control overhead due to e.g., random access, uplink time-alignment control, power headroom reports and buffer-status reports

1. PDU headers in L2 layers (MAC/RLC/PDCP) 

The amount of overhead caused by 1 is approximately 14%, corresponding to one DFTS-OFDM symbol in each slot. The relative overhead is estimated to be independent of the rank of the transmission.

The amount of SRS overhead depends on the SRS transmission interval and SRS BW. With a 10 msec SRS transmission interval and full band SRS, the relative overhead is approximately 0.7%

Amount of uplink resources reserved for random access depends on the configuration. 

A typical case with PRACH format 0 is six resource blocks per radio frame, implying a relative overhead of  0.6%, 1.2%, and 2.4% in normal mode for a channel bandwidth of 20 MHz, 10 MHz, and 5 MHz respectively.

The relative overhead due to uplink time-alignment control depends on the configuration and the number of active UEs within a cell. The absolute overhead is typically less than 32 bps per UE.

The amount of overhead for buffer status reports depends on the configuration. With continuous data and a 10 – 20 ms reporting interval the absolute overhead is 0.8-3.2 kbps.

The amount of overhead caused by 5 highly depends on the data packet size, and is approximately 2.7% and 0,51% for L1 data rates of 1and 10 Mbit/s, respectively. This overhead is not included in the self-evaluation.

Above overhead calculations are based on normal CP length.



		1.1.4.3

		Variable bit rate capabilities

Describe how the proposal supports different applications and services with various bit rate requirements.

For a given combination of modulation scheme, code rate, and number of spatial-multiplexing layers, the data rate available to a user can be controlled by the scheduler by assigning different number of resource blocks for the transmission. In case of multiple services, the available/assigned resource, and thus the available data rate, is shared between the services.



		1.1.4.4

		Variable payload capabilities

Describe how the RIT supports IP-based application layer protocols/services (e.g. VoIP, video-streaming, interactive gaming, etc.) with variable-size payloads.

See 4.2.3.2.4.3. The RIT is designed primarily for IP based services.  The transport-block size can vary between 16 bits and 68808 bits. The number of bits per transport block can be assigned with a fine granularity. 



		1.1.4.5

		Signalling transmission scheme

Describe how transmission schemes are different for unction/control from that of user data.

Downlink

L1/L2 control signaling is time-multiplexed with data and transmitted in the first up to three OFDM symbols of each subframe. Control signaling is not confined to a certain set of resource blocks but is spread over the overall system bandwidths. Control unction is limited to QPSK modulation (QPSK and 16QAM for data). Control unction relies on tail-biting convolutional coding (Turbo-codes for data).

Uplink

L1/L2 control signaling transmitted in one or multiple resource blocks at the edge of the system bandwidth and frequency multiplexed with data. 

Higher-layer signaling (e.g. MAC, RLC, PDCP headers and RRC signaling) is carried within transport blocks and thus transmitted using the same physical-layer transmitter processing as user data.



		1.1.5

		Mobility management (Handover)



		1.1.5.1

		Describe the handover mechanisms and procedures which are associated with 

–	Inter-System handover;

–	Intra-System handover;

	–	Intra-frequency and Inter-frequency;

	–	Within the RIT or between RITs within one SRIT (if applicable).

Characterize the type of handover strategy or strategies.

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

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

U-plane data forwarding is supported in both Inter-System and Intra-System handover to realize a lossless handover.

For intra-system handover, the mechanisms and procedures are the same for handover within each RIT.



		1.1.5.2

		What are the handover interruption times for:

–	within the RIT (intra- and inter-frequency);

–	between various RITs within a SRIT;

–	between the RIT and another IMT system.

For intra-RIT handover, the estimated total average interruption time is about (12 +satellite RTD )ms under typical configuration. 

There is no difference between intra- and inter-frequency handover. 

And, there is no difference between intra- and inter-RITs handover.

Similar performance is expected for handover between SAT-OFDM and terrestrial LTE

For the RIT, similar performance is expected.
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		1.1.6

		Radio resource management



		1.1.6.1

		Describe the radio resource management, support of:

–	centralized and/or distributed RRM;

–	dynamic and flexible radio resource management;

–	efficient load balancing.

RRM control in the RIT is based on a distributed manner, i.e. all of RRM related functions e.g. radio bearer control, radio admission control, packet scheduling and load balancing, are located in the base station.

The radio resource management control ranges from those which are highly dynamic, e.g. scheduling and power control, to those which are less dynamic, e.g. load balancing.

Scheduling operates on a per resource-block-pair basis (one subframe of 1ms over 180 kHz). Similarly, power control commands can be sent as often as once every 1 ms subframe. However, in satellite environments, power control commands every 10 ms frame would be enough.

In addition to the basic RRM control, to assist load balancing between beams of different satellite RAN , a mechanism of exchanging and updating the relevant measurements e.g. PRB resource measurements, interference indicators (High Interference Indicator and Overload Indicator), downlink RNTP, etc., between base stations is supported.



		1.1.6.2

		Inter-RIT interworking

Describe the functional blocks and mechanisms for interworking (such as a network architecture model) between heterogeneous RITs within a SRIT, if supported.

The source satellite RAN requests handover and forwards the UE context to the target satellite RAN via the CN in a transparent manner. The target satellite RAN makes the decision whether to accept or deny the handover request. If the request is accepted, the target satellite RAN generates the handover command message which is transparently sent over the source satellite RAN to the UE.

The RIT network interface supports the transparent transport of signaling for Inter-RIT interworking, e.g. handover signaling, RAN Information Management (RIM) transfer signaling.



		1.1.6.3

		Connection/session management

The mechanisms for connection/session management over the air-interface should be described. For example:

–	the support of multiple protocol states with fast and dynamic transitions; 

–	the unction schemes for allocating and releasing resources. 

Connection/session management is performed by the RRC protocol between the UE and satellite RAN, and the NAS protocol between the UE and CN. The RRC protocol has only two states, i.e., RRC_CONNECTED and RRC_IDLE. RRC messages are used e.g., to establish connection, configure the radio bearers and their corresponding attributes, and to control mobility. The NAS protocol performs e.g., authentication, bearer context activation/ deactivation and location registration management.
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		1.1.7

		Frame structure



		1.1.7.1

		Describe the frame structure for downlink and uplink by providing sufficient information such as:

–	frame length;

–	the number of time slots per frame;

–	the number and position of switch points per frame for TDD;

–	guard time or the number of guard bits;

–	user payload information per time slot;

–	control channel structure and multiplexing;

–	power control bit rate.

One radio frame of length 10 ms consisting of 10 subframes, each of length 1 ms. Each subframe consisting of two slots, each of length 0.5 ms. Each slot consisting of seven OFDM symbols (six OFDM symbols in case of extended cyclic prefix).

Downlink control signaling is time multiplexed with data on a subframe basis with control signaling transmitted in the first up to three OFDM symbols of each subframe and data transmitted in the remaining part of the subframe (up to 13 OFDM symbols).

Uplink control signaling is frequency-multiplexed with data for other UEs (no time separation) when the UE has no data to be transmitted .Uplink control signaling is typically transmitted at the edges of the overall system bandwidth. Uplink control signaling is piggy-backed with data i.e. transmitted with data on the PUSCH when the UE has data to be transmitted.

No specific power-control rate. Maximum one power-control command per subframe, implying 1 kHz maximum power-control rate. Enough one power-control command per frame, implying 100 Hz power-control rate.



		1.1.8

		Spectrum capabilities and duplex technologies

NOTE 1 – Parameters for both downlink and uplink should be described separately, if necessary.



		1.1.8.1

		Spectrum sharing and flexible spectrum use

Does the RIT/SRIT support flexible spectrum use and/or spectrum sharing for the bands for IMT? Provide details.

Flexible spectrum use is supported by using one or multiple component carriers. Multiple component carriers can be aggregated to achieve up to at least in the order of 100 MHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).
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		1.1.8.2

		Channel bandwidth scalability

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

Describe whether the proposed RIT supports extensions for scalable bandwidths wider than 30 MHz.

Consider, for example:

–	the scalability of operating bandwidths; 

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

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

One component carrier supports a scalable bandwidth, 1.4, 3, 5, 10, 15 and 20 MHz. By aggregating multiple component carriers, transmission bandwidths up to at least 100 MHz are supported to provide the highest data rates. Component carriers can be either contiguous or non-contiguous in the frequency domain. The number of component carriers transmitted and/or received by a mobile terminal can vary over time depending on the instantaneous data rate.



		1.1.8.3

		What are the frequency bands supported by the RIT? Please list.

Uplink operating band: 1 980-2 010 MHz

Downlink operating band: 2 170-2 200 MHz

SAT-OFDM technologies can also be defined as appropriate to operate in other frequency arrangement and bands below 5 GHz 



		1.1.8.4

		What is the minimum amount of spectrum required to deploy a contiguous network, including guardbands (MHz)? 

The minimum amount of spectrum is 2 x 1.4 MHz



		1.1.8.5

		What are the minimum and maximum transmission bandwidth (MHz) measured at the 3 dB down points?

The 3 dB bandwidth is not part of the specifications, however:

–	The minimum 99% channel bandwidth (occupied bandwidth of single component carrier) is 1.4 MHz.

· The maximum 99% channel bandwidth (occupied bandwidth of single component carrier) is 20 MHz.

Multiple component carriers can be aggregated to achieve up to at least in the order of 100 MHz of transmission bandwidth.



		1.1.8.6

		What duplexing scheme(s) is (are) described in this template? (e.g. TDD, FDD or halfduplex FDD). 

Describe details such as:

–	What is the minimum (up/down) frequency separation in case of full- and halfduplex FDD? 

–	What is the requirement of transmit/receive isolation in case of full- an halfduplex FDD? Does the RIT require a duplexer in either the mobile station (MS) or space segment? 

–	What is the minimum (up/down) time separation in case of TDD?

–	Whether the DL/UL Ratio variable for TDD? What is the DL/UL ratio supported? If the DL/UL ratio for TDD is variable, what would be the coexistence criteria for adjacent cells?

The RIT technical parameters have been chosen to ensure operation in the satellite IMT bands.

The RIT is based on FDD with support for full-duplex FDD only.

For full-duplex FDD, the required transmit/receive isolation is a UE function of; the Tx emission mask (emission level on the Rx frequency) , the TX-Rx frequency spacing , the Tx- Rx duplex filter isolation, the TX and RX configuration (RB location, RB power and RB allocation) and the required Rx desense criteria. For the supported RIT operating bands, the following parameters are defined.

The minimum (up/down) Tx to Rx frequency separation is 30 MHz

the minimum Tx-Rx band gap is 10 MHz
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		1.1.9

		Support of advanced antenna capabilities



		1.1.9.1

		Fully describe the multi-antenna systems supported in the MS, Space segment, or both that can be used and/or must be used; characterize their impacts on systems performance; e.g. does the RIT have the capability for the use of:

–	spatial multiplexing techniques;

–	space-time coding (STC) techniques;

–	beam-forming techniques (e.g. adaptive or switched). 



Downlink

–	Transmit diversity based on SFBC (Space Frequency Block Coding) in the case of dual polarized antennas and two satellite, and combined SFBC and FSTD (Frequency Switched Transmit Diversity) for the case of more than two virtual antennas (e.g. dual polarization and two satellite, four satellite). Maximum number of antenna ports: 4

–	Closed-loop and open-loop spatial multiplexing with up to 2 layers. 

–	Single and multi-layer non-codebook based adaptive beam-forming

–	Multi-user MIMO (so called SDMA)

Uplink

–	Closed-loop and UE autonomous antenna selection diversity

–	Multi-user MIMO (so called SDMA)



		1.1.9.2

		How many antennas are supported by the Space segment and MS for transmission and reception? Specify if correlated or uncorrelated antennas in co-polar or cross-polar configurations are used. What is the antenna spacing (in wavelengths)? 

Up to 4 beam-specific antenna ports (transmit virtual antennas) are supported in the downlink.

Up to 1 antenna ports (transmit antennas) are supported in the uplink. 

Number of receive antennas are receiver-implementation specific. At least two receive antennas are assumed on the terminal side. 

The antenna configuration (correlated/uncorrelated antennas, co-polar/cross-polar configuration, etc.) is implementation specific.



		1.1.9.3

		Provide details on the antenna configuration that is used in the self-evaluation.

In the self-evaluation, any spatial multiplexing (MIMO) models are not used as baseline configuration.



		1.1.9.4

		If spatial multiplexing (MIMO) is supported, does the proposal support (provide details if supported):

–	Single codeword (SCW) and/or multi-codeword (MCW).

–	Open and/or closed loop MIMO.

–	Cooperative MIMO.

–	Single-user MIMO and/or multi-user MIMO.

Multi-codeword (up to two codewords per component carrier) is supported.

Both open and closed loop MIMO with precoding are supported in the RIT.

The RIT supports coordinated multipoint transmission/reception, which could be used to implement different forms of cooperative multi-antenna (MIMO) transmission schemes.

Both single-user MIMO and multi-user MIMO are supported



		1.1.9.5

		Other antenna technologies

Does the RIT/SRIT support other antenna technologies, for example:

–	remote antennas;

–	distributed antennas.  

If so, please describe.

The use of remote antennas and distributed antennas is supported. However, the details are network-implementation specific.
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		1.1.9.6

		Provide the antenna tilt angle used in the self-evaluation.
The antenna tilt angle is not used in the self-evaluation for the satellite component of IMTAdvanced. Satellite antenna beam pattern used in the self-evaluation comes from the model described in Recommendation ITU-R S.672-4.



		1.1.10

		Link adaptation and power control



		1.1.10.1

		Describe link adaptation techniques employed by RIT/SRIT, including:

–	the supported modulation and coding schemes;

–	the supporting channel quality measurements, the reporting of these measurements, their frequency and granularity;

Provide details of any adaptive modulation and coding schemes, including:

–	hybrid ARQ or other retransmission mechanisms? 

–	algorithms for adaptive modulation and coding, which are used in the selfevaluation; 

–	other schemes?

For data, the RIT supports the modulation schemes QPSK and 16 QAM, and code rates between approximately 0.1 and 0.9. Some 17 different modulation-scheme/code-rate combinations exist. This is valid for both downlink and uplink.

In both downlink and uplink, link adaptation (selection of modulation scheme and code rate) is controlled by the satellite RAN. In the downlink the network selection of modulation-scheme/code-rate combination can e.g. be based on Channel Quality Indicators (CQIs) reported by the terminals. Several different CQI modes exist, including frequency-selective and wideband modes, periodic and aperiodic modes. The CQI mode is controlled by the satellite RAN. In the uplink the satellite RAN may measure either the traffic channel or sounding reference signals and use this as input to link adaptation. 

On the MAC layer, hybrid ARQ with soft-combining between transmissions can be supported. Different redundancy versions are used for different transmissions. The modulation scheme may be changed for retransmissions. In order to minimize delay and feedback, a set of parallel stop-and-wait protocols are used. To correct possible residual errors, the MAC ARQ is complemented by a robust selective-repeat ARQ protocol on the RLC layer. 

In the self-evaluation, models of the above schemes are used.



		1.1.10.2

		Provide details of any power control scheme included in the proposal, for example:

–	power control step size (dB);

–	power control cycles per second;

–	power control dynamic range (dB);

–	minimum transmit power level with power control;

–	associated unction and control messages.

The RIT uplink power control is based on both signal-strength measurements done by the terminal itself (open-loop power control), as well as measurements by satellite RAN. The later measurements are used to generate power-control commands that are subsequently fed back to the terminals as part of the downlink control signaling (closed-loop power control). The generated power-control command can be based on delay compensation algorithm to adapt to satellite environment. Both absolute and relative power-control commands are supported. The available relative power adjustments (“step size”) in case of relative power control are 
[–1 dB, 0 dB, +1 dB, +3 dB]. The time between power-control commands can be down to 1 ms. The minimum transmit power, – 40 dBm, yielding a dynamic range of –40 to 23 = 63 dB for a terminal with maximum power 23 dBm. 

Downlink power control is network-implementation specific and thus outside the scope of the specification. A simple and efficient power control strategy is to transmit with a constant output power. Variations in channel conditions and interference levels are adapted to by means of scheduling and link adaptation rather than with power control. 
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		1.1.11

		Power classes



		1.1.11.1

		Mobile station emitted power



		1.1.11.1.1

		What is the radiated antenna power measured at the antenna (dBm)?

The radiated antenna power depends on the user terminal classes supported by this radio interface. For example, normative output power less than or equal to 24 dBm measured at antenna connector in class 3 in handheld type assuming a 0 dBi antenna gain with omni-direction for horizontal plain.



		1.1.11.1.2

		What is the maximum peak power transmitted while in active or busy state?

See 4.2.3.2.11.1.1.



		1.1.11.1.3

		What is the time averaged power transmitted while in active or busy state? Provide a detailed explanation used to calculate this time average power.

The average transmitted power depends on several factors such as the power control parameter settings, the test environment, etc. For example, the average TX power of Handheld class 3 UE could be 23 dBm with full power transmission for the support of its maximum supportable data rate over each environment.



		1.1.11.2

		Space segment emitted power



		1.1.11.2.1

		What is the base station transmit power per RF carrier?

In a certain beam, the satellite transmit power of one component carrier is the mean power delivered to a load with resistance equal to the nominal load impedance of the transmitter. 

In a certain beam, the satellite maximum transmit power of one component carrier is the mean power level measured at the satellite antenna connector in a specified reference condition.

In a certain beam, the transmit power of multiple component carriers can be aggregated.

Satellite intended for general-purpose applications do not have limits on the maximum transmit power. However, there may exist regional regulatory requirements and satellite payload requirements which limit the maximum transmit power.



		1.1.11.2.2

		What is the maximum peak transmitted power per RF carrier radiated from antenna?

See 4.2.3.2.11.2.1. (The antenna gain is subject to the deployment situations.)

There may exist regional regulatory requirements and satellite payload requirements which limit the maximum radiated transmit power.  



		1.1.11.2.3

		What is the average transmitted power per RF carrier radiated from antenna?

The average transmitted carrier power is subject to the traffic, capacity and deployment scenario.

Activation ratio is100 % 
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		1.1.12

		Scheduler, QoS support and management, data services



		1.1.12.1

		QoS support

–		What QoS classes are supported?

–		How QoS classes associated with each service flow can be negotiated.

–		QoS attributes, for example:

		–	data rate (ranging from the lowest supported data rate to maximum data rate supported by the MAC/PHY);

		–	control plane and user plane latency (delivery delay);

		–	packet error rate (after all corrections provided by the MAC/PHY layers), and delay variation (jitter).

–	Is QoS supported when handing off between radio access networks? Please describe.

–	How users may utilize several applications with differing QoS requirements at the same time.

In the RIT up to 4 data bearers can be established in parallel for a UE. Each bearer is associated with a QoS class index (QCI), and an Allocation/ Retention Priority (ARP) , and optionally with guaranteed bitrate (GBR) and maximum bit rate (MBR). The QCI is an index representing the priority, allowable delay, and packet error rate of a bearer, and up to 16 QCIs could be defined by the operator (9 of which is standardized). The QCI, MBR, GBR and ARP are signaled from the CN to the satellite RAN when the bearer is established or modified, so that the scheduler in the satellite RAN could ensure the QoS for each bearer. The ARP as well as other QoS parameters could be used to determine which bearers to prioritise at handover. By using multiple bearers having different QoS profile, multiple application flows with different QoS requirements could be accommodated.



		1.1.12.2

		Scheduling mechanisms

–	Exemplify scheduling algorithm(s) that may be used for full buffer and VoIP traffic in the technology proposal for evaluation purposes.

Describe any measurements and/or reporting required for scheduling.

In the RIT dynamic scheduling on a 1 ms basis is applied to both uplink and downlink. Typically, the RIT scheduling is based on the instantaneous radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the satellite may e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”. 
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		1.1.13

		Radio interface architecture and protocol stack



		1.1.13.1

		Describe details of the radio interface architecture and protocol stack such as:

Logical channels

–	Control channels.

–	Traffic channels.

Transport channels and/or physical channels.

The C-plane consists of the NAS, RRC, PDCP, RLC, MAC and PHY layers.

–	NAS: Protocol between the UE and CN, and performs e.g., authentication, context activation/ deactivation and location registration management.

–	RRC: Protocol between the UE and satellite RAN, and performs e.g., system information delivery, connection establishment/ release and mobility control.

–	PDCP: Performs header compression, integrity protection and ciphering.

–	RLC: Performs segmentation/ concatenation of packets and ARQ.

–	MAC: Performs HARQ and scheduling.

The U-plane consists of the PDCP, RLC, MAC and PHY layers. The functions of PDCP, RLC and MAC are the same as for C-plane.



		1.1.13.2

		What is the bit rate required for transmitting feedback information?

Assuming that an RLC AM Status report is sent once every 50 ms and that comprises on average less than one negative acknowledgement, its size including RLC/MAC header overhead is then on average 3+1=4 octets. Consequently, the overhead this causes is 32/0.05= 640 bit/s. This corresponds to 0.06 and 0.006 % overhead  for link speeds of 1 and 10 Mbit/s.



		1.1.13.3

		Channel access

Describe in details how RIT/SRIT accomplishes initial channel access, (e.g. contention or noncontention based).

The UE gains access to a beam by use of contention-based random access procedure. With this procedure the UE transmits a random access preamble by choosing one from a maximum of 64 possible candidates on a PRACH. If the satellite detects a random access preamble, the satellite sends a response allocating a temporary UE identity and radio resources for the uplink transmission of the initial RRC message. The UE further transmits the initial RRC message to the satellite, using the allocated resources. If the satellite successfully receives this initial RRC message, the satellite echoes the message back to the UE in order to resolve possible contention. The UE could perform multiple attempts until it is successful in accessing the beam or until a timer supervising the procedure has elapsed. Multiple PRACHs can be configured, in order to reduce the probability of contention and to increase the PRACH capacity.

For UEs who have gained access to a beam (i.e. has RRC connection), non-contention based channel access request is supported by means of:

1. Scheduling Request (SR) on Physical Uplink Control Channel (PUCCH), in which a dedicated resource on PUCCH for SR is semi-statically assigned by the satellite to a UE, and

Dedicated random access resource assignment, in which a dedicated random access preamble on specific PRACH(s) is dynamically assigned by satellite to a UE, thereby making it possible to skip the contention resolution procedure.
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		1.1.14

		Beam selection



		1.1.14.1

		Describe in detail how the RIT/SRIT accomplishes cell selection to determine the serving cell for the users.

The UE performs beam search with aid of synchronization channels (SCHs) on the downlink. If a beam is detected, the UE checks the suitability of the cell, i.e., the UE checks that the received reference-signal power is above the minimum required value and checks the PLMN identity, as well as other parameters restricting camping on the cell (e.g., cell barring status), on system information. If multiple beams are found as suitable, the UE selects the best beam in terms of the received reference-signal power to ensure efficient spectrum usage.

For inter-frequency and inter-RAT beam reselection, absolute priorities could be configured so that certain frequency/ RAT would be prioritized for camping. The priorities could be signaled by system information broadcast or by dedicated signaling



		1.1.15

		Location determination mechanisms



		1.1.15.1

		Describe any location determination mechanisms that may be used, e.g. to support location based services.

This radio interface might support the GPS (or Galileo) assisted algorithms.



		1.1.16

		Priority access mechanisms



		1.1.16.1

		Describe techniques employed to support prioritization of access to radio or network resources for specific services or specific users (e.g. to allow access by emergency services).

Access classes are used to differentiate admittance in accessing a beam. Each UE (USIM) is associated to an access class defined for normal use, and in addition, may belong to an access class in the special categories, e.g., PLMN staff, social security services, government officials.

The traffic load can be controlled by use of access barring mechanism. For normal use, an access barring rate (percentage) and the barring time could be broadcast in case of congestion. For the special categories, 1-bit barring status could be broadcast for each access class. These barring parameters could be configured independently for mobile originating data and mobile originating signaling attempts. For mobile terminating calls, no access barring is applicable since the network could discard certain amount of paging in case of congestion.

For emergency calls, a separate 1-bit barring status is indicated, which is the only parameter used to supervise these calls.



		1.1.17

		Unicast, multicast and broadcast



		1.1.17.1

		Describe how the RIT enables:

–	broadcast capabilities;

–	multicast capabilities;

–	unicast capabilities;

using both dedicated carriers and/or shared carriers. Please describe how all three capabilities can exist simultaneously.

The RIT is envisioned to support broadcast, multicast and unicast services. The spectrum efficiency for broadcast/ multicast services would be at least as high as the satellite component of IMT-2000. MBSFN (MBMS single frequency network) could be applied when the broadcast/ multicast service spans multiple contiguous beams, improving the spectrum efficiency.

The RIT is envisioned to support mixed carrier use among broadcast/ multicast and unicast services. On a mixed carrier, MBSFN and unicast share the same spectrum in a TDM manner, whereas TDM and/or FDM sharing is possible for single beam broadcast/ multicast transmission.

The network architecture for broadcast, multicast is unction by adding the following functions to the unicast network architecture:

–	a logical entity to coordinate allocation of radio resources to be used by all the base stations in MBSFN areas for multi-cell MBSFN transmission

· a network interface with IP-Multicast support for U-plane data transport










		Item

		Item to be described



		1.1.17.2

		Describe whether the proposal is capable of providing multiple user services simultaneously to any user with appropriate channel capacity assignments?

Multiple services per user can be supported by setting up multiple bearers per user. Each radio bearer is characterized by an individual QoS profile, including the attributes guaranteed bitrate, maximum bitrate, and allocation and retention priority as described in detail in 4.2.3.2.12.1. Multiple services per user can also be supported by mapping multiple services to a single bearer in the NAS layer, if the QoS is the same for these services.



		1.1.17.3

		Provide details of the codec used for VoIP capacity in the self-evaluation.

Does the RIT support multiple voice and/or video codecs? Provide details.

The RIT supports the AMR voice codec and could support various other voice and video codec as desired. The radio interface technology is agnostic of the codec used and is capable of accommodating diverse range of codec that are commonly used today as well as those defined in future.

In the self-evaluation, AMR 12.2 kbps is applied. 



		1.1.17.4

		If a codec is used that differs from the one specified in Report ITUR M.[IMT-Advanced SAT], specify the voice quality (e.g. PSQM, PESQ, CCR, EModel, MOS) for the corresponding VoIP capacity in the self-evaluation.

The same codec specified in Report ITU-R M.2176 is used in self-evaluation.



		1.1.18

		Privacy, authorization, encryption, authentication and legal intercept schemes



		1.1.18.1

		Any privacy, authorization, encryption, authentication and legal intercept schemes that are enabled in the radio interface technology should be described. Describe whether any synchronization is needed for privacy and encryptions mechanisms used in the RIT.

Describe how the RIT may be protected against attacks, for example: 

–	man in the middle; 

–	replay;

–	denial of service.

Security and privacy in the RIT will be provided at a level at least as high as that of terrestrial LTE release. This will be assured by reusing mechanisms of terrestrial LTE which in turn consists of enhancements to the mature and well-proven security design for UMTS. 

Protection is applied over the air interface as well as to the internal backhaul/RAN-CN interfaces. Particular care has been taken to mitigate threats related to radio satellite RAN security, e.g. protecting the network against hostile “capture” of satellite RAN.

Lawful intercept is provided via CN nodes.



		1.1.19

		Frequency planning



		1.1.19.1

		How does the RIT support adding new cells or new RF carriers? Provide details.

504 physical beam identities are supported. Thus, theoretically 504-beam reuse is realized.

Actual beam deployment is operation specific.

Self-configuration is also supported










		Item

		Item to be described



		1.1.20

		Interference mitigation within radio interface



		1.1.20.1

		Does the proposal support Interference mitigation? If so, describe the corresponding mechanism.

Static inter-cell interference mitigation is supported by means of e.g. frequency reuse, soft frequency reuse, and reuse partitioning. 

Inter-beam interference mitigation is supported by means of exchanging interference measurements and scheduling decisions between satellite beams.

Coordinated multipoint transmission/reception (CoMP) is another approach supported by the RIT to mitigate interference between beams and improve system performance.

Coordinated multipoint transmission implies dynamic coordination in the scheduling/transmission and/or joint transmission between/from multiple beam sites. 

Coordinated multipoint reception implies dynamic coordination in the scheduling and/or joint reception between/at different beam sites.



		1.1.20.2

		What is the unction, if any, which can be used for inter-beam interference mitigation?

To aid inter-cell interference mitigation, the RIT defines three indicators exchanged between satellite RAN: The High-interference Indicator (HI) which provides information to neighboring beams about the part of the beam bandwidth upon which the beam intends to schedule its beam-edge user, the Overload Indicator (OI)  which provides information on the uplink interference level experienced in each part of the beam bandwidth and Relative Narrowband TX Power (RNTP) indicator, which provides information on the downlink transmission power.



		1.1.20.3

		Link level interference mitigation

Describe the feature or features used to mitigate inter-symbol interference.

See answer to 4.2.3.2.20.4



		1.1.20.4

		Describe the approach taken to cope with multipath propagation effects (e.g. via equalizer, rake receiver, cyclic prefix, etc.). 

On the downlink, the use of OFDM transmission, in combination with a cyclic prefix, provides inherent robustness to time-dispersion/frequency-selectivity on the radio channel.

On the uplink, time-dispersion/frequency-selectivity on the radio channel can be handled by receiver-side equalization. The detailed equalization approach is implementation dependent. Examples of equalization approaches include frequency-domain linear equalization and Turbo equalization. The use of cyclic prefix also for the uplink may simplify the equalizer implementation.










		Item

		Item to be described



		1.1.20.5

		Diversity techniques

Describe the diversity techniques supported in the MS and at the BS, including micro diversity and macro diversity, characterizing the type of diversity used, for example:

–	Time diversity:	repetition, Rake-receiver, etc.

–	Space diversity:	multiple sectors, etc.

–	Frequency diversity: frequency hopping (FH), wideband transmission, etc.

–	Code diversity : multiple PN codes, multiple FH code, etc.

–	Multi-user diversity: proportional fairness (PF), etc.

–	Other schemes.

Characterize the diversity combining algorithm, for example, switched diversity, maximal ratio combining, equal gain combining. 

Provide information on the receiver/transmitter RF configurations, for example:

–	number of RF receivers;

–	number of RF transmitters.

The RIT provides the following means for diversity: 

–	Space diversity by means of multiple transmit and receiver virtual antennas 

o Number of TX virtual antennas:  up to 4 (DL), up to 1 (UL)

o Number of RX antennas: Implementation specific 

–	Frequency diversity by means of wide overall transmission bandwidth. Possibility for uplink frequency hopping on a slot basis and downlink frequency-distributed transmission

–	Time diversity by means of fast retransmissions and long-time interleaving

–	Multi-user diversity by means of channel-aware scheduling



		1.1.21

		Synchronization requirements



		1.1.21.1

		Describe RIT’s timing requirements, e.g.:

–	is synchronization between inter-beam signals or inter-satellite signals required? Provide precise information, the type of synchronization, i.e. synchronization of carrier frequency, bit clock, spreading code or frame, and their accuracy;

–	is space segment-to-network synchronization required?

State short-term frequency and timing accuracy of space segment transmit signal.

Tight beam-to-beam or satellite-to-satellite synchronization is not required. However, in some scenarios, system performance may gain from tight beam-to-beam or satellite-to-satellite synchronization. As an example, assuming coordinated transmission/reception based on joint processing (joint transmission in the downlink direction, joint reception in the uplink direction) between multiple satellite RANs, tight synchronization and time alignment between the satellite RANs involved in the joint processing would be required. For proper operation. The synchronization should be well within the cyclic prefix (Tcp 5s for normal cyclic prefix, (Tcp 17s for extended cyclic prefix)

Space segment-to-network synchronization is not required.

Frequency and timing accuracy of space segment transmit signal is within ±0.05 ppm observed over a period of one subframe (1 ms).



		1.1.22

		Link budget template

Proponents should complete the link budget results to this description template for the environments supported in the RIT.

Link budget template is completed for all the test environments



		1.1.23

		Other items 



		1.1.23.1

		Coverage extension schemes

Describe the capability to support/ coverage extension schemes, such as relays or repeaters.

Relaying functionality can be supported.

The RIT supports the use of different types of repeater (amplify-and-forward) functionality. However, the details of such functionality are outside the scope of the specification as the use of repeaters is transparent to both the UE and the network.







		Item

		Item to be described



		1.1.23.2

		Self-organisation 

Describe any self-organizing aspects that are enabled by the RIT/SRIT.

Support for Self Organizing Networks may be an integrated part of SAT-OFDM. Several use cases that could benefit from SON have been introduced in the first release and the work is continuing. 

SAT-OFDM may supports the following Self-Organizing Network (SON) functions of LTE:

Dynamic configuration of S1 and X2; the mechanism allows an eNB to establish an S1 interface towards the MME and/or an X2 interface towards another eNB.

–	PCI selection; the mechanism allows an eNB to select its Physical Cell Identity (PCI). The selection can be based either on a centralized or distributed PCI assignment algorithm

–	Automatic neighbor discovery: the mechanism allows an eNB to learn information on its neighbors. The discovery mechanism can utilize the assistance of the UE (aka ANR unction as well as the exchange of information over the network interfaces



		1.1.23.3

		Describe the frequency reuse schemes (including reuse factor and pattern) for the assessment of cell spectrum efficiency, cell edge user spectral efficiency and VoIP capacity.

Frequency reuse six is used in the performance evaluations



		1.1.23.4

		Is the RIT an evolution of an existing IMT-2000 technology?  Provide details.

The submitted RIT fulfilling the satellite IMT-Advanced requirements will be new differently from an existing satellite component of IMT-2000 specified in Recommendation ITU-R M.1580.



		1.1.23.5

		Does the proposal satisfy a specific spectrum mask? Provide details. (This information is not intended to be used for sharing studies.)

YES

UE:

For single-component-carrier transmission the spectrum mask is specified in terms of a normative (general) spectrum emission mask and an additional spectrum mask. This additional spectrum emission mask which is signaled by the network to the UE as a normative requirement can be used to address; a specific regional regulatory requirement, a frequency band specific requirement, a roaming requirement and a specific deployment  scenario. 

This additional spectrum emission mask can be used to support the many different sharing requirements in terms of co-existence for a global roaming terminal

For transmission of aggregated component-carriers appropriate spectrum mask are expected to be set.

Space segment: 

For space sement, the spectrum mask is deployment specific



		1.1.23.6

		Describe any MS power saving mechanisms used in the RIT.

DRX is supported during connected mode and idle mode.










		Item

		Item to be described



		1.1.23.7

		Simulation process issues

Describe the methodology used in the analytical approach.

Proponent should provide information on the width of confidence intervals of user and system performance metrics of corresponding mean values, and evaluation groups are encouraged to provide this information.

In the case of the open test environments, 10 independent drops will be simulated. Since each drop generates results for 500 users (25 users in each of beams), statistics are generated over 10*5,000 = 5,000 user positions.

Please refer to Section 3, self-evaluation report for detailed description of evaluation configuration

The confidence interval can be calculated for test environment based on the above data provided that additional assumptions are made on parameters such as the level of confidence, status of a priori knowledge on factors such as mean and standard deviation, etc. 



		1.1.24

		Other information

Please provide any additional information that the proponent believes may be useful to the evaluation process.





1.2	Description template – link budget template

1.2.1	Handheld Class-3 UE case



		Item

		Case 1[footnoteRef:4] [4: 	In case 1 of all UE cases, the link budgets are calculated by assuming that the distance between the UE and satellite is 36 000 km.] 


		Case 2[footnoteRef:5] [5: 	In case 2 of all UE cases, the link budgets are calculated by using the distance between the UE located at an elevation angle of 40o and a geo-stationary orbit satellite.] 




		

		Downlink

		Uplink

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.1

		2

		2.1

		2



		Basic carrier bandwidth (kHz)

		180

		180

		180

		180



		Distance between UE and satellite (km)

		36 000

		36 000

		37 778

		37 778



		UT antenna heights (m)

		1.5

		1.5

		1.5

		1.5



		Transmission bit rate for data channel (bits/s)

		280 000

		16 000

		280 000

		16 000



		Spectral efficiency

		1.556

		0.089

		1.556

		0.089



		Target packet error rate for the required SNR for data channel

		1%

		1%

		1%

		1%



		Required SNR for data channel

		9.1

		–4.3

		9.1

		–4.3



		Path loss model

		LoS

		LoS

		LoS

		LoS



		Cell edge loss (dB)

		3

		3

		3

		3



		

		Transmitter

		



		(1) Number of transmit antennas. 

		1

		1

		1

		1



		(2) Transmit power (dBW) per 180 kHz

		9

		–6

		9

		–6



		(3) Transmitter antenna gain (dBi)

		50

		0

		50

		0



		(4) Other losses. (dB) 

		4.5

		3

		4.5

		3



		(5) Data channel e.i.r.p. = (2) + (3) – (4) dBW

		54.5

		–9

		54.5

		–9



		

		Receiver

		



		(6) Number of receive antennas

		1

		1

		1

		1



		(7) System noise temperature (K)

		290

		450

		290

		450



		(8) G/T (dB/K)

		-24.6

		23.5

		-24.62

		23.47



		

		Path loss

		



		(9) Path loss for LoS (dB)

		190

		189.5

		190.43

		190.01



		(10) Fading margin for data channel (dB)

		2.5

		2.5

		2.5

		2.5



		

		Link Margin

		



		(11) Data channel SNR = (5) + (8) – (9) – (10) – 10log10(180 000) – Bolzmann’s constant– Cell edge loss (dB)

		10.68

		-4. 22

		10.25

		-4. 73



		(12) Link margin = (11) – Required SNR (dB)

		1.58

		0.075

		1.15

		-0.43







1.2.2	Handheld Class-2 UE case



		Item

		Case 1

		Case 2



		

		Downlink

		Uplink

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.1

		2

		2.1

		2



		Basic carrier bandwidth (kHz)

		180

		180

		180

		180



		Distance between UE and satellite (km)

		36 000

		36 000

		37 778

		37 778



		UT antenna heights (m)

		1.5

		1.5

		1.5

		1.5



		Transmission bit rate for data channel (bits/s)

		280 000

		40 000

		280 000

		32 000



		Spectral efficiency

		1.556

		0.222

		1.556

		0.178



		Target packet error rate for the required SNR for data channel

		1%

		1%

		1%

		1%



		Required SNR for data channel

		9.1

		–1.58

		9.1

		–2.58



		Path loss model

		LoS

		LoS

		LoS

		LoS



		Cell edge loss (dB)

		3

		3

		3

		3



		

		Transmitter

		



		(1) Number of transmit antennas. 

		1

		1

		1

		1



		(2) Transmit power (dBW) per 180 kHz

		9

		–3

		9

		–3



		(3) Transmitter antenna gain (dBi)

		50

		0

		50

		0



		(4) Other losses. (dB) 

		4.5

		3

		4.5

		3



		(5) Data channel e.i.r.p. = (2) + (3) – (4) dBW

		54.5

		-6

		54.5

		-6



		

		Receiver

		



		(6) Number of receive antennas

		1

		1

		1

		1



		(7) System noise temperature (K)

		290

		450

		290

		450



		(8) G/T (dB/K)

		-24.6

		23.5

		-24.62

		23.47



		

		Path loss

		



		(9) Path loss for LoS (dB)

		190

		189.5

		190.43

		190.01



		(10) Fading margin for data channel (dB)

		2.5

		2.5

		2.5

		2.5



		

		Link Margin

		



		(11) Data channel SNR = (5) + (8) – (9) – (10) – 10log10(180 000) – Bolzmann’s constant– Cell edge loss (dB)

		10.68

		–1.22

		10.25

		–1.73



		(12) Link margin = (11) – Required SNR (dB)

		1.58

		0.36

		1.15

		0.84









1.2.3	Handheld Class-1 UE case



		Item

		Case 1

		Case 2



		

		Downlink

		Uplink

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.1

		2

		2.1

		2



		Basic carrier bandwidth (kHz)

		180

		180

		180

		180



		Distance between UE and satellite (km)

		36 000

		36 000

		37 778

		37 778



		UT antenna heights (m)

		1.5

		1.5

		1.5

		1.5



		Transmission bit rate for data channel (bits/s)

		280 000

		136 000

		280 000

		120 000



		Spectral efficiency

		1.556

		0.756

		1.556

		0.667



		Target packet error rate for the required SNR for data channel

		1%

		1%

		1%

		1%



		Required SNR for data channel

		9.1

		4.3

		9.1

		3.9



		Path loss model

		LoS

		LoS

		LoS

		LoS



		Cell edge loss (dB)

		3

		3

		3

		3



		

		Transmitter

		



		(1) Number of transmit antennas. 

		1

		1

		1

		1



		(2) Transmit power (dBW) per 180 kHz

		9

		3

		9

		3



		(3) Transmitter antenna gain (dBi)

		50

		0

		50

		0



		(4) Other losses. (dB) 

		4.5

		3

		4.5

		3



		(5) Data channel e.i.r.p. = (2) + (3) – (4) dBW

		54.5

		0

		54.5

		0



		

		Receiver

		



		(6) Number of receive antennas

		1

		1

		1

		1



		(7) System noise temperature (K)

		290

		450

		290

		450



		(8) G/T (dB/K)

		-24.6

		23.5

		-24.62

		23.47



		

		Path loss

		



		(9) Path loss for LoS (dB)

		190

		189.5

		190.43

		190.01



		(10) Fading margin for data channel (dB)

		2.5

		2.5

		2.5

		2.5



		

		Link Margin

		



		(11) Data channel SNR = (5) + (8) – (9) – (10) – 10log10(180 000) – Bolzmann’s constant– Cell edge loss (dB)

		10.68

		4.78

		10.25

		4.26



		(12) Link margin = (11) – Required SNR (dB)

		1.58

		0.47

		1.15

		0.36










1.2.4	Portable UE case



		Item

		Case 1

		Case 2



		

		Downlink

		Uplink

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.1

		2

		2.1

		2



		Basic carrier bandwidth (kHz)

		180

		180

		180

		180



		Distance between UE and satellite (km)

		36 000

		36 000

		37 778

		37 778



		UT antenna heights (m)

		1.5

		1.5

		1.5

		1.5



		Transmission bit rate for data channel (bits/s)

		280 000

		208 000

		280 000

		17 600



		Spectral efficiency

		1.556

		1.156

		1.556

		0.978



		Target packet error rate for the required SNR for data channel

		1%

		1%

		1%

		1%



		Required SNR for data channel

		9.1

		6.7

		9.1

		6.7



		Path loss model

		LoS

		LoS

		LoS

		LoS



		Cell edge loss (dB)

		3

		3

		3

		3



		

		Transmitter

		



		(1) Number of transmit antennas. 

		1

		1

		1

		1



		(2) Transmit power (dBW) per 180 kHz

		9

		3

		9

		3



		(3) Transmitter antenna gain (dBi)

		50

		2

		50

		2



		(4) Other losses. (dB) 

		4.5

		3

		4.5

		3



		(5) Data channel e.i.r.p. = (2) + (3) – (4) dBW

		54.5

		2

		54.5

		2



		

		Receiver

		



		(6) Number of receive antennas

		1

		1

		1

		1



		(7) System noise temperature (K)

		290

		450

		200

		450



		(8) G/T (dB/K)

		-24.6

		23.5

		-21.01

		23.47



		

		Path loss

		



		(9) Path loss for LoS (dB)

		190

		189.5

		190.43

		190.01



		(10) Fading margin for data channel (dB)

		2.5

		2.5

		2.5

		2.5



		

		Link Margin

		



		(11) Data channel SNR = (5) + (8) – (9) – (10) – 10log10(180 000) – Bolzmann’s constant– Cell edge loss (dB)

		10.68

		6.78

		13.86

		6.26



		(12) Link margin = (11) – Required SNR (dB)

		1.58

		0.075

		4.76

		0.36










1.2.5	Vehicular UE case



		Item

		Case 1

		Case 2



		

		Downlink

		Uplink

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.1

		2

		2.1

		2



		Basic carrier bandwidth (kHz)

		180

		180

		180

		180



		Distance between UE and satellite (km)

		36 000

		36 000

		37 778

		37 778



		UT antenna heights (m)

		1.5

		1.5

		1.5

		1.5



		Transmission bit rate for data channel (bits/s)

		280 000

		280 000

		280 000

		280 000



		Spectral efficiency

		1.556

		1.556

		1.556

		1.556



		Target packet error rate for the required SNR for data channel

		1%

		1%

		1%

		1%



		Required SNR for data channel

		9.1

		9.1

		9.1

		9.1



		Path loss model

		LoS

		LoS

		LoS

		LoS



		Cell edge loss (dB)

		3

		3

		3

		3



		

		Transmitter

		



		(1) Number of transmit antennas. 

		1

		1

		1

		1



		(2) Transmit power (dBW) per 180 kHz

		9

		9

		9

		9



		(3) Transmitter antenna gain (dBi)

		50

		4

		50

		4



		(4) Other losses. (dB) 

		4.5

		3

		4.5

		3



		(5) Data channel e.i.r.p. = (2) + (3) – (4) dBW

		54.5

		10

		54.5

		10



		

		Receiver

		



		(6) Number of receive antennas

		1

		1

		1

		1



		(7) System noise temperature (K)

		250

		450

		250

		450



		(8) G/T (dB/K)

		-20.0

		23.5

		-19.98

		23.47



		

		Path loss

		



		(9) Path loss for LoS (dB)

		190

		189.5

		190.43

		190.01



		(10) Fading margin for data channel (dB)

		2.5

		2.5

		2.5

		2.5



		

		Link Margin

		



		(11) Data channel SNR = (5) + (8) – (9) – (10) – 10log10(180 000) – Bolzmann’s constant– Cell edge loss (dB)

		15.32

		14.78

		14.90

		14.26



		(12) Link margin = (11) – Required SNR (dB)

		6.22

		5.67

		5.80

		5.17










1.2.6	Transportable UE case



		Item

		Case 1

		Case 2



		

		Downlink

		Uplink

		Downlink

		Uplink



		System configuration



		Carrier frequency (GHz)

		2.1

		2

		2.1

		2



		Basic carrier bandwidth (kHz)

		180

		180

		180

		180



		Distance between UE and satellite (km)

		36 000

		36 000

		37 778

		37 778



		UT antenna heights (m)

		1.5

		1.5

		1.5

		1.5



		Transmission bit rate for data channel (bits/s)

		280 000

		280 000

		280 000

		280 000



		Spectral efficiency

		1.556

		1.556

		1.556

		1.556



		Target packet error rate for the required SNR for data channel

		1%

		1%

		1%

		1%



		Required SNR for data channel

		9.1

		9.1

		9.1

		9.1



		Path loss model

		LoS

		LoS

		LoS

		LoS



		Cell edge loss (dB)

		3

		3

		3

		3



		

		Transmitter

		



		(1) Number of transmit antennas. 

		1

		1

		1

		1



		(2) Transmit power (dBW) per 180 kHz

		9

		3

		9

		3



		(3) Transmitter antenna gain (dBi)

		50

		14

		50

		14



		(4) Other losses. (dB) 

		4.5

		3

		4.5

		3



		(5) Data channel e.i.r.p. = (2) + (3) – (4) dBW

		54.5

		12

		54.5

		12



		

		Receiver

		



		(6) Number of receive antennas

		1

		1

		1

		1



		(7) System noise temperature (K)

		200

		450

		200

		450



		(8) G/T (dB/K)

		-9.01

		23.5

		-9.01

		23.47



		

		Path loss

		



		(9) Path loss for LoS (dB)

		190

		189.5

		190.43

		190.01



		(10) Fading margin for data channel (dB)

		2.5

		2.5

		2.5

		2.5



		

		Link Margin

		



		(11) Data channel SNR = (5) + (8) – (9) – (10) – 10log10(180 000) – Bolzmann’s constant– Cell edge loss (dB)

		26.30

		18.78

		25.86

		18.26



		(12) Link margin = (11) – Required SNR (dB)

		17.20

		9.68

		16.76

		9.16








2	Compliance template

2.1	Compliance template – service template



		Service related minimum capabilities within
the satellite radio interface(s)

		Evaluator’s comments



		Support of a wide range of services

Does the proposal support a wide range of services?

Yes/No

		This radio interface could support various IMT services identified in Recommendation ITUR M.1225.







2.2	Compliance template – spectrum template



		Spectrum capability requirements

		Evaluator’s comments



		Spectrum bands

Is the proposal able to utilize at least one band identified for IMT?

Yes/No

Specify in which band(s) the candidate satellite radio interface(s) can be deployed

		This radio interface is considered in 1 980-2 010 MHz band for uplink operation and 2 170-2 200 MHz band for downlink operation.







2.3	Compliance template – technical performance template



		Minimum technical requirements items

		Category

		Required value

		Value

		Requirement met?

		Comments



		

		Test environment

		Downlink or uplink

		

		

		

		



		Beam spectral efficiency (bit/s/Hz/beam)

		Urban

		Downlink

		N/A

		0.081/0.081/
0.082/0.881/
0.964/1.18

		N/A

		



		

		

		Uplink

		N/A

		0.053/0.142/
0.329/0.575/
0.907/0.974

		N/A

		



		

		Suburban

		Downlink

		N/A

		1.34/1.34/
1.35/1.42/
1.44/1.52 

		N/A

		



		

		

		Uplink

		N/A

		0.073/0.200/
0.588/0.885/
1.38/1.41

		N/A

		



		

		Open

		Downlink

		1.1

		1.52 

		Yes

		



		

		

		Uplink

		0.7

		0.134/0.360/
0.703/1.26/
1.47/1.47

		Yes

		



		

		Intermediate tree-shadowed

		Downlink

		N/A

		0.925/0.931/
0.926/1.04/
1.16/1.48

		N/A

		



		

		

		Uplink

		N/A

		0.058/0.152/
0.369/0.638/
1.09/1.25

		N/A

		



		

		Heavy 
tree-shadowed

		Downlink

		N/A

		0.316/0.319/
0.315/0.423/
0.585/1.31

		N/A

		



		

		

		Uplink

		N/A

		0/0.002/
0.060/0.118/
0.547/0.895 

		N/A

		



		Peak spectral efficiency (bit/s/Hz)

		–

		Downlink

		2.5

		3.426

		Yes

		



		

		

		Uplink

		1.25

		1.699

		Yes

		



		Bandwidth

		–

		Up to and including (MHz)

		30

		100

		Yes

		



		

		

		Scalability

		N/A

		1.4, 3, 5, 10, 15 20

		Yes

		



		Beam edge user spectral efficiency (bit/s/Hz)

		Urban

		Downlink

		N/A

		0.740/0.751/0.767/0.877/0.939/1.46 

		N/A

		



		

		

		Uplink

		N/A

		0/0/0.008/0.029/0.128/0.188

		N/A

		



		

		Suburban

		Downlink

		N/A

		0.740/0.751/0.767/0.877/0.939/1.46 

		N/A

		



		

		

		Uplink

		N/A

		0.018/0.056/0.290/0.410/0.883/1.09

		N/A

		



		

		Open

		Downlink

		0.04

		1.50

		Yes

		



		

		

		Uplink

		0.015

		0.056/0.166/0.667/0.929/1.47/1.47

		Yes

		



		

		Intermediate tree-shadowed

		Downlink

		N/A

		0.255/0.258/0.262/0.358/0.486/1.32 

		N/A

		



		

		

		Uplink

		N/A

		0/0.001/0.065/0.118/0.441/0.703

		N/A

		



		

		Heavy 
tree-shadowed

		Downlink

		N/A

		0.068/0.067/0.067/0.094/0.148/0.935 

		N/A

		



		

		

		Uplink

		N/A

		0/0/0/0.009/0.120/0.343

		N/A

		



		Control plane latency (ms)

		N/A

		N/A

		N/A

		The same transition steps from idel state to active state with 3GPP LTE under satellite RTD

		N/A

		



		User plane latency (ms)

		N/A

		N/A

		N/A

		The same steps with 3GPP LTE under satellite RTD

		N/A

		



		Mobility

		Urban

		N/A

		N/A

		Stationary,
pedestrian,
vehicular

		N/A

		



		

		Suburban

		N/A

		N/A

		Stationary,
pedestrian,
vehicular

		N/A

		



		

		Open

		N/A

		Stationary,
pedestrian,
vehicular
high speed vehicular,
aeronautical

		Stationary,
pedestrian,
vehicular
high speed vehicular,
aeronautical

		Yes

		



		

		Intermediate tree-shadowed

		N/A

		N/A

		Stationary,
pedestrian

		N/A

		



		

		Heavy 
tree-shadowed

		N/A

		N/A

		Stationary,
pedestrian

		N/A

		



		Intra-frequency handover interruption time (ms)

		N/A

		N/A

		N/A

		The same handover procedure with 3PP LTE under consideration of satellite RTT

		N/A

		



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

		N/A

		N/A

		N/A

		The same handover procedure with 3PP LTE under consideration of satellite RTT

		N/A

		



		Inter-frequency handover interruption time between spectrum band (ms)

		N/A

		N/A

		N/A

		The same handover procedure with 3PP LTE under consideration of satellite RTT

		N/A

		



		Intersystem handover

		N/A

		N/A

		N/A

		N/A

		N/A
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		Minimum technical requirements items

		Category

		Required value

		Value

		Requirement met?

		Comments

		Minimum technical requirements items



		Number of supported VoIP users (active users/ beam/MHz)

		Urban

		N/A

		N/A

		N/A

		N/A

		



		

		Suburban

		N/A

		N/A

		N/A

		N/A

		



		

		Open

		N/A

		30

		5/14/42/62/88/88

		Yes

		



		

		Intermediate tree-shadowed

		N/A

		N/A

		N/A

		N/A

		



		

		Heavy 
tree-shadowed

		N/A

		N/A

		N/A

		N/A

		



		N/A: Not Applicable.

NOTE 1: Number of VoIP supported users, as in Report ITU-R M.2176, is defined as the number of users per beam/MHz when the users in the outage condition is less than 2 % of total number of users. The users are defined to be in the outage condition if less than 98% of the VoIP packets have been delivered successfully to the user. Number of VoIP supported users in open environment was evaluated under the above definition. In the other environments, additional performance enhancing techniques may be incorporated in order to reduce the number of users in outage condition to be less than 2%.





3	Evaluation configuration

3.1	Basic evaluation configuration parameters



		Parameter

		Values used for evaluation



		Deployment scenario

		Open 

Parameters and assumptions not shown here for each scenario are shown in 

Report ITU-R M.2176.



		Duplex method and bandwidths

		FDD:  5(Up) + 5(Down) MHz



		Frequency reuse plan

		Reuse factor 6



		Number of beams

		20



		Network synchronization

		Synchronized



		Downlink transmission scheme 

		SISO 



		Downlink scheduler

		For baseline transmission scheme (LTE Rel-8):

Proportional fair in time and frequency



		Downlink link adaptation

		Non-ideal based on non-ideal CQI reports and/or non-ideal sounding transmission, reporting mode and period selected according to scheduler; reporting delay and MCS based on LTE transport formats according to LTE Rel-8. 



		Downlink HARQ scheme

		Incremental redundancy or Chase combining

None for VoIP traffic



		Downlink receiver type

		MMSE



		Uplink transmission scheme

		SISO





		Uplink scheduler

		Channel dependent



		Uplink power control

		None (allocate full power)



		Parameter

		Values used for evaluation



		Uplink link adaptation

		Non-ideal based on delayed SRS-based measurements: MCS based 

on LTE transport formats and SRS period and bandwidths according 

to LTE Rel-8



		Uplink HARQ scheme

		Incremental redundancy or Chase combining

None for VoIP traffic



		Uplink receiver type

		MMSE



		Antenna configuration
base station

		Recommendation ITU-R S.672-4

1 tx, 1 rx



		Antenna configuration  UE

		Omnidirectional1 tx, 1 rx



		Satellite transmit power

		23 dBW for 5 MHz



		User terminal transmit power

		–6 dBW, –3 dBW, 3 dBW, 9 dBW



		Channel estimation
(Uplink and downlink)

		Non-ideal 
(consider both estimation errors both for demodulation reference

 signals and sounding reference signals)



		Feedback and control channel errors

		None



		HARQ/ARQ interaction 

		HARQ/ARQ interaction scheme for full buffer traffic.



		MAC/RLC header overhead

		Assume minimum size of specification





3.2	Evaluation configuration parameters for analytical assessment

The spectral efficiency is derived based on the following assumptions: 20 MHz bandwidth, one symbol L1/L2 control, cell-specific reference signals corresponding to one and four cell-specific antenna ports, UE-specific reference signals corresponding to 24 and zero resource elements per resource-block pair, and PBCH/SS occupying a total of 564 and 528 resource elements per radio frame for DL 2-layer spatial multiplexing, respectively.

3.3	Evaluation configuration parameters for simulation assessment



Additional parameters for system simulation

		Deployment scenario for the evaluation process

		Urban area

		Suburban area

		Open area

		Intermediate tree-shadowed area

		Heavy treeshadowed area



		Layout

		Hexagonal grid



		Inter-site distance

		180 km



		Channel model

		Urban model

		Suburban model

		Open model

		Intermediate tree shadowed model

		Deep tree-shadowed model



		User distribution

		Randomly and uniformly distributed over area. 100% of users outdoors



		User mobility model

		Fixed and identical speed of all Uts randomly and uniformly distributed direction



		UT speed of interest

		3 km/h



		Inter-site interference modeling

		Explicitly modeled



		Deployment scenario for the evaluation process

		Urban area

		Suburban area

		Open area

		Intermediate tree-shadowed area

		Heavy treeshadowed area



		Satellite system noise temperature 

		450



		UT system noise temperature

		290



		Satellite antenna gain (max)

		51



		UE antenna gain

		0/2/4/12



		Thermal noise level

		–174 dBm/Hz







When assessing the beam spectral efficiency and cell edge user spectral efficiency characteristics, the parameters such as above table was also provided.



Additional parameters for assessment of beam spectral efficiency and beam edge user efficiency

		Deployment scenario for the evaluation process

		Urban area

		Suburban area

		Open area

		Intermediate tree-shadowed area

		Heavy 
tree-shadowed area



		Evaluated service profile

		Full buffer best effort



		Simulation bandwidth

		5 + 5 MHz



		Number of users per beam

		25







Additional parameters for assessment of VoIP capacity

		Deployment scenario for the evaluation process

		Urban area

		Suburban area

		Open area

		Intermediate tree-shadowed area

		Heavy 
tree-shadowed area



		Evaluated service profile

		VoIP



		Simulation bandwidth

		5 + 5 MHz



		Simulation time span for a single drop

		20 s









_________________
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1	Scope

To provide for the further work of Working Party 4B and the Independent Evaluation Groups, WP 4B has reviewed the candidate technology submission referenced above, as received by WP 4B in the May 2012 meeting, and provides the WP 4B view on the following:

1)	The completeness of the candidate submission following the guidance of Report ITUR M.2176.

2)	Details of the required components that were to be provided as defined in Report ITUR M.2176 and where the information is to be found within the candidate submission materials.

2	Acknowledgement of receipt of submission

Working Party 4B acknowledges the receipt of the candidate technology submission referenced above from China (People’s Republic of).  WP 4B has reviewed this candidate submission under the satellite IMT-Advanced process and has determined that the submission is in accordance with Section 8 of Report ITUR M.2176.

3	Classification of the candidate submission

RIT.

4	Candidate submission

See Attachment 1.

5	Contact

	Dr Liu Siyang				E-mail:  liusiyang@catr.cn

6	Remarks or other information

None.
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Attachment

Source:	Document 4B/22

China (People’s Republic of)

submission of BMSat RIT for IMT-Advanced
satellite candidate technology



1	Introduction

ITU-R Circular Letter 4/LCCE/102 invites proposals for candidate radio interface technology for the satellite component of IMT-Advanced. In this document the Chinese Administration proposes the RIT of BMSat as a candidate to be considered as IMT-Advanced Satellite Technology.

The submitted BMSat candidate RIT is specified based on terrestrial LTE-Advanced FDD standards that are developed in 3GPP. Considering satellite requirements, a number of modifications to LTEAdvanced are made to adapt to satellite radio transmission environments.

This submission is conducted under Step 3 of the IMT-Advanced satellite process in Document IMT-ADV-SAT/2(Rev.2) – Submission and evaluation process and consensus building. In compliance with the submission guidelines and templates established in Report ITU-R M.2176, four major components are included in this contribution.

1)	Completed templates as specified in § 8.2 of Report ITU-R M.2176 together with any additional inputs which the proponent may consider relevant to the evaluation.

2)	An initial self-evaluation based on the compliance templates in § 8.2.5 of Report ITUR M.2176. It is an evaluation performed using the same guidelines and criteria established for the evaluations under Step 4 of the process as provided in Document IMT-ADV-SAT/2(Rev.2), based on the RIT/SRIT compliance template in § 8.2.5 of Report ITU-R M.2176.

3)	Additional supporting information that generally describes the radio interfaces of BMSat.

4)	Indication of compliance with the ITU policy on intellectual property rights (see Annex 1 of Resolution ITU-R 1), as specified in the Common Patent Policy for ITUT/ITUR/ISO/IEC available at http://www.itu.int/ITUT/dbase/patent/patent-policy.html.

2	Details of the candidate submission

2.1	Templates

Templates required for submission of IMT-Advanced Satellite candidate RIT/SRITs are divided into two categories: description template and compliance templates.




–	Description templates for BMSat RIT

–	Characteristics template (Report ITU-R M.2176, Section 8.2.4.1)





–	Link budget template (Report ITU-R M.2176, Section 8.2.4.2)





–	Compliance templates for BMSat RIT

–	Services (Report ITU-R M.2176, Section 8.2.5.1), Spectrum (Report ITUR M.2176, Section 8.2.5.2) and Technical performance (Report ITU-R M.2176, Section 8.2.5.3).





2.2	Self-evaluation

It is an evaluation performed using the defined guidelines and criteria, based on the RIT/SRIT compliance template in § 8.2.5 of Report ITU-R M.2176. It is concluded that, the submitted BMSat RIT meets the minimum requirements of the defined test environment (open area).

–	The self-evaluation report of BMSat





2.3	Additional supporting information

It is a general description of the radio interfaces of BMSat.





2.4	IPR statement

In compliance with ITU policy on intellectual property rights (Annex 1 of Resolution ITU-R 1), the proponent is collecting the information of IPR declarations relevant to BMSat from its members.

Please note that the proponent is not responsible for identifying patents or patents applications for which a license may be required to implement this proposal, which is subjected to statements from IPR Holders according to the Common Patent Policy for ITU-T/ITU-R/ISO/IEC.



_______________
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BMSat radio interface includes two links: UE-CGC link and UE-Satellite link. UE-CGC link could reuse the terrestrial LTE-Advanced specifications. UE-Satellite link is specified based on terrestrial LTE-Advanced specifications and modified to adapt to satellite radio transmission environments. Specific characteristics of UE-Satellite link are highlighted for the corresponding items in the following template.


TABLE 17


Characteristic template



			Item


			Item to be described





			8.2.4.1.1


			Test environment(s)





			8.2.4.1.1.1


			What test environments does this technology description template address?


This technology description template addresses mandatory open area test environment.





			8.2.4.1.2


			Radio interface functional aspects





			8.2.4.1.2.1


			Multiple access schemes



Which access scheme(s) does the proposal use: TDMA, FDMA, CDMA, OFDMA, IDMA, SDMA, hybrid, or another? Describe in detail the multiple access schemes employed with their main parameters.


Multiple access based on a combination of 



OFDMA:
Transmission to/from different UEs using mutually orthogonal frequency assignments. Sub-carrier spacing: 15 kHz. Granularity in frequency assignment: One resource block consisting of twelve subcarriers ( 180 kHz. DFT-spread OFDM is applied for uplink


TDMA:

Transmission to/from different UEs with separation in time. 
Granularity: One subframe of length 1 ms (for more details on the frame structure, see Item 8.2.4.1.7 and the references therein)


CDMA: 
Inter-cell interference suppressed by processing gain of channel coding allowing for a frequency reuse of one (for more details on channel-coding, see Item 8.2.4.1.2. and the reference therein).


SDMA:

Possibility to transmit to/from multiple users using the same  time/frequency resource (SDMA a.k.a. “multi-user MIMO”) as part of the advanced-antenna capabilities (for more details on the advanced-antenna capabilities, see Item 8.2.4.1.9 and the reference therein)


UE-Satellite link: 


Multiple access based on a combination of 


OFDMA:
Transmission to/from different UEs using mutually orthogonal frequency assignments. Sub-carrier spacing: 15 kHz. Granularity in frequency assignment: One resource block consisting of twelve subcarriers ( 180 kHz. DFT-spread OFDM is applied for uplink. Depends on the deployed satellite/UE power amplifier performance, two low envelope fluctuation (EF) transmission modes within the OFDM framework, DFT-spread OFDM and offset-modulated Single-Carrier (OSC), could be used in both uplink and downlink. 


TDMA:

Transmission to/from different UEs with separation in time. 
Granularity: One subframe of length 1 ms (for more details on the frame structure, see Item 8.2.4.1.7 and the references therein)


CDMA: 
Inter-cell interference suppressed by processing gain of channel coding allowing for a flexible frequency reuse (for more details on channel-coding, see Item 8.2.4.1.2.3 and the reference therein).


OFDMA-CDMA as an enhanced mode, possibility to transmit to/from different UEs using different spreading sequences. The spread sequences of multiple UEs are possible to be mapped to the same time/frequency resources.








			8.2.4.1.2.2


			Modulation scheme





			8.2.4.1.2.2.1


			What is the baseband modulation scheme? If both data modulation and spreading modulation are required, describe in detail.



Describe the modulation scheme employed for data and control information.



What is the symbol rate after modulation?


Data and higher-layer control: QPSK, 16QAM, 64QAM



L1/L2 control: BPSK (uplink only), QPSK


Symbol rate:
 168 ksymbols/s per 180 kHz resource block


UE-Satellite link: 


Data and higher-layer control: QPSK, 16QAM/16APSK. 


L1/L2 control: BPSK (uplink only), QPSK



Symbol rate:
 168 ksymbols/s per 180 kHz resource block





			8.2.4.1.2.2.2


			PAPR



What is the RF peak to average power ratio after baseband filtering (dB)? Describe the PAPR (peak-to-average power ratio) reduction algorithms if they are used in the proposed RIT.


Downlink: PAPR = 8.4 dB (99.9%). 



Uplink: PAPR and Cubic Metric (CM) depends on modulation scheme and number of component carrier. 


The cubic metric (CM) is a method of predicting the power de-rating from signal modulation characteristics and is found to be more useful than other metrics such as peak-to-average power ratio (PAPR). 


For single-component-carrier transmission with a frequency-contiguous resource assignment:


- QPSK: PAPR = 5.8 dB (99.9%), CM = 1.2 dB


- 16QAM: PAPR = 6.5 dB (99.9%), CM =2.1 dB


- 64QAM: PAPR = 6.6 dB (99.9%), CM = 2.3 dB


Any PAPR-reduction algorithm is transmitter-implementation specific for uplink and downlink.


UE-Satellite link: 


Downlink: PAPR = 8.4 dB (99.9%). 


Uplink: PAPR and Cubic Metric (CM) depends on modulation scheme and number of component carrier. 


The cubic metric (CM) is a method of predicting the power de-rating from signal modulation characteristics and is found to be more useful than other metrics such as peak-to-average power ratio (PAPR). 


For single-component-carrier transmission with a frequency-contiguous resource assignment:


- QPSK: PAPR = 5.8 dB (99.9%), CM = 1.2 dB


- 16QAM: PAPR = 6.5 dB (99.9%), CM =2.1 dB


For OSC mode：


· QPSK: PAPR = 1.8 dB (99.9%), CM =-0.71dB


· 16QAM: PAPR = 4.0 dB (99.9%), CM =1.3dB



In uplink, smaller granularity in frequency assignment (e.g., one subcarrier) can be further utilized to reduce PAPR.


Any PAPR-reduction algorithm is transmitter-implementation specific for uplink and downlink.





			8.2.4.1.2.3


			Error control coding scheme and interleaving





			8.2.4.1.2.3.1


			Provide details of error control coding scheme for both downlink and uplink?



For example:



–
FEC or other schemes?



–
Unequal error protection? 



Explain the decoding mechanism employed.


For data: Rate 1/3 Turbo coding, combined with rate matching based on puncturing/repetition to achieve a desired overall code rate



For L1/L2 control: Rate-1/3 tail-biting convolutional coding. Special block codes for some L1/L2 control signaling


For more details, see [36.212] sub-clauses 5.1.3 and 5.1.4


Decoding mechanism is receiver-implementation specific. One example of decoding mechanisum used in the self-evaluation is iterative max-log-map decoding to decode the Turbo code.





			8.2.4.1.2.3.2


			Describe the bit interleaving scheme for both uplink and downlink.


Bit interleaving is performed as part of the encoding/rate-matching process, see [36.212] sub-clauses 5.1.3 and 5.1.4 for more details. 



Additional


 interleaving is performed in uplink, see [36.212] sub-clause 5.2.2.8 for more details.





			8.2.4.1.3


			Describe channel tracking capabilities (e.g. channel tracking algorithm, pilot symbol configuration, etc.) to accommodate rapidly changing delay spread profile


To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.



Downlink:


Cell-specific RS (CRS) are transmitted in every subframe and over the entire frequency band. Up to four different CRS can be transmitted within a cell, with each CRS corresponding to one of up to four cell-specific antenna ports, referred to antenna port 0 to 3 respectively.  The CRS can be used for downlink channel estimation for coherent demodulation of physical channels transmitted from antenna ports 0 to 3. The CRS can also be used to derive channel-state information (CSI) for the corresponding antenna ports. The CSI can e.g. be used to assist scheduling (including link adaptation, precoder-matrix/vector selection, etc.). For the detailed structure of CRS, see [36.211] sub-clause 6.10.1.


UE-specific RS can be used for downlink channel estimation for coherent demodulation of PDSCH (Physical Downlink Shared Channel). Up to eight different UE-specific reference signals corresponding to up to eight layers can be transmitted from a UE point-of-view. In a given subframe, the UE-specific reference signals are only transmitted within the resource blocks that are used for PDSCH transmission to the specific UE within this subframe. For the detailed structure of UE-specific RS for the case of transmission from a single antenna port (a.k.a. antenna port 5), see [36.211] sub-clause 6.10.3. The structure for the case of transmission from multiple antenna ports is an extension of the structure for the case of a single antenna port. In case of transmission from two antenna ports, the RS overhead (number of resource elements used for RS) is the same as for one antenna port (12 resource elements per resource block). In case of more than two antenna ports the RS overhead is 24 resource elements per resource block.


CSI-RS can be used for estimation of channel-state information (CSI) to further prepare feedback reporting to eNB (CQI for link adaptation, precoder-matrix/vector selection, etc.) to assist beamforming and scheduling for up to eight layers of transmission. CSI-RS are transmitted in every Nth subframe, where N is configurable. 


Uplink: 


Demodulation RS (DRS) can be used for channel estimation for coherent demodulation of the Physical Uplink Shared Channel (PUSCH) and the Physical Uplink Control Channel (PUCCH). Uplink DRS for demodulation of PUSCH are transmitted once every slot (twice every subframe) in the subframes in which PUSCH is being transmitted. Up to four uplink DRS can be transmitted from a UE. The instantaneous bandwidth of the uplink DRS equals the instantaneous bandwidth of the corresponding PUSCH transmission.In case that precoding is supported, DRS is also precoded as same manner


For the detailed structure of uplink DRS for PUSCH transmission for the case of single antenna transmission see [36.211] sub-clause 5.5.2.1. The structure for the case of transmission from multiple antenna ports is an extension of the structure for the case of a single antenna port.


Sounding RS (SRS) can be used for estimation of uplink channel-state information to assist uplink scheduling , uplink power control, and also assist the downlink transmission. Uplink SRS are transmitted every Nth subframe, where N is configurable. For the detailed structure of uplink SRS see [36.211] sub-clause 5.5.3.


UE-Satellite downlink


Cell-specific RS (CRS) are transmitted in every subframe and over the entire frequency band. Up to two different CRS can be transmitted within a cell, with each CRS corresponding to one of up to two cell-specific antenna ports, referred to antenna port 0 to 1 respectively.  The CRS can be used for downlink channel estimation for coherent demodulation of physical channels transmitted from antenna ports 0 to 1. The CRS can also be used to derive channel-state information (CSI) for the corresponding antenna ports. The CSI can e.g. be used to assist scheduling (including link adaptation, precoder-matrix/vector selection, etc.). For the detailed structure of CRS, see terrestrial LTE-Advanced specifications.


UE-specific RS can be used for downlink channel estimation for coherent demodulation of PDSCH (Physical Downlink Shared Channel). Up to two different UE-specific reference signals corresponding to up to two layers can be transmitted from a UE point-of-view. In a given subframe, the UE-specific reference signals are only transmitted within the resource blocks that are used for PDSCH transmission to the specific UE within this subframe.


CSI-RS can be used for estimation of channel-state information (CSI) to further prepare feedback reporting to eNB (CQI for link adaptation, precoder-matrix/vector selection, etc.) to assist beamforming and scheduling for up to two layers of transmission. CSI-RS are transmitted in every Nth subframe, where N is configurable.


UE-Satellite Uplink:


Demodulation RS (DRS) can be used for channel estimation for coherent demodulation of the Physical Uplink Shared Channel (PUSCH) and the Physical Uplink Control Channel (PUCCH). Uplink DRS for demodulation of PUSCH are transmitted once every slot (twice every subframe) in the subframes in which PUSCH is being transmitted. Up to 2 uplink DRS can be transmitted from a UE. The instantaneous bandwidth of the uplink DRS equals the instantaneous bandwidth of the corresponding PUSCH transmission. In case that precoding is supported, DRS is also precoded as same manner.


For the detailed structure of uplink DRS for PUSCH transmission for the case of single antenna transmission, see [36.211] sub-clause 5.5.2.1. The structure for the case of transmission from multiple antenna ports is an extension of the structure for the case of a single antenna port.


Sounding RS (SRS) can be used for estimation of uplink channel-state information to assist uplink scheduling and uplink power contro Uplink SRS are transimitted every Nth subframe, where N is configurable. For the detailed structure of uplink SRS see [36.211] sub-clause 5.5.3.


Details of channel-tracking/estimation algorithms are receiver-implementation specific, e.g. MMSE-based channel estimation with appropriate interpolation in time and frequency domain could be used.





			8.2.4.1.4


			Physical channel structure and multiplexing





			8.2.4.1.4.1


			What is the physical channel bit rate (Mbit/s) for supported bandwidths?



i.e. the product of the modulation symbol rate (in symbols per second), bits per modulation symbol, and the number of streams supported by the antenna system.


The physical channel bit rate depends on the modulation scheme and number of spatial-multiplexing layers. The physical channel bit rate per layer can be expressed as 



Rlayer = Nmod x NRB x 168 kbps 


where 


· Nmod is the number of bits per modulation symbol for the applied modulation scheme (QPSK: 2, 16QAM: 4,64QAM: 6)


NRB is the number of resource blocks in the aggregated frequency domain which depends on the channel bandwidth (e.g. NRB =25 for 5 MHz, NRB =50 for 10 MHz, and NRB =100 for 20 MHz. For channel bandwidths larger than 20 MHz (carrier aggregation), the channel bit rate will scale accordingly.


UE-Satellite Link: 


The physical channel bit rate depends on the modulation scheme and number of spatial-multiplexing layers. The physical channel bit rate per layer can be expressed as 


Rlayer = Nmod x NRB x 168 kbps 


where 


· Nmod is the number of bits per modulation symbol for the applied modulation scheme (QPSK: 2, 16QAM/16APSK: 4)


NRB is the number of resource blocks in the aggregated frequency domain which depends on the channel bandwidth (e.g. NRB =25 for 5 MHz, NRB =50 for 10 MHz, and NRB =100 for 20 MHz. For channel bandwidths larger than 20 MHz (carrier aggregation), the channel bit rate will scale accordingly.








			8.2.4.1.4.2


			Layer 1 and Layer 2 overhead estimation



Describe how the RIT accounts for all Layer 1 (PHY) and Layer 2 (MAC) overhead and provide an accurate estimate that includes static and dynamic overheads.


Downlink


The downlink L1/L2 overhead includes:


1. Different types of reference signals


a) Cell-specific RS (CRS) transmitted within each resource block



b) UE-specific RS (URS)



c) Reference signals specifically targeting estimation of channel-state information (CSI-RS)



2. L1/L2 control signalling transmitted on the up to three  (four in case of 1.4 MHz bandwidth) OFDM symbols of each subframe


3. Synchronization signal and physical broadcast control channel


4. PDU headers in L2 sub-layers (MAC/RLC/PDCP) 


Overhead due to 1, 2, and 3 is included in the self-evaluation.


The combined overhead due to CRS (1a) and L1/L2 control signaling (2) depends on the number of cell-specific antenna ports and the number of OFDM symbols used for the L1/L2 control signaling. The number of overhead resource elements per resource-block pair (168 resource elements in total) and the corresponding relative overhead is given by the table below in case of non-MBSFN subframes.


Overhead (number of resource elements per resource-block pair and in percentage) due to L1/L2 control signaling and cell-specific reference signals:


Number of cell-specific antenna ports



Control-region size



1



2



4



L=1



18 (10.7%)



24 (14.3%)



32 (19.0%)



L=2



30 (17.9%)



36 (21.4%)



40 (23.9%)


L=3



42 (25%)



48 (28.6%)



52 (31.0%)



In case of MBSFN subframes, the overhead is reduced to the following according to the table below:


Overhead (number of resource elements per resource-block pair and in percentage) due to L1/L2 control signaling and cell-specific reference signals:


Number of cell-specific antenna ports



Control-region size



1



2



4



L=1



12 (7.1%)



12  (7.1%)



12 (7.1%)


L=2



24 (14.2%)



24 (14.2%)



24 (14.2%)



L=3



36 (21.4%)



36 (21.4%)



36 (21.4%)



Note: All the subframes are assumed to be MBSFN subframe in overhead estimation above. 


the overall overhead depends on the fraction of MBSFN subframes. In self-evaluation, a fraction of 0% and 60% has been assumed 


The overhead due UE-specific reference signals (1b) depends on the number of UE-specific antennas ports and is given by the table below. Note that the overhead due to UE-specific reference signals is only present in resource blocks in which UE-specific reference signals are being transmitted. 



Overhead (number of resource elements per resource-block pair and in percentage) due to UE-specific reference signals:


Number of antenna ports



1-2



12 (7.1%)



3-8



24 (14.3%)



The relative overhead due to synchronization signals and physical broadcast channel (3) depends on operation bandwidth. A total of 528 resource elements per 10 ms frame is used for the synchronization signals and PBCH for four CRS ports, corresponding to approximately 0.6% and  0.3%, overhead for 10 and 20MHz operation bandwidth, repectively.


The overhead due to PDU headers (4) highly depends on the data packet size, and is approximately 2.7%, 0.51% and 0.32% for L1 data rates of 1, 10 and 100 Mbit/s, respectively. This overhead is not included in the self-evaluation.


If present, the relative overhead due to CSI-RS (1c) is depended on the number of antenna and periodicity. In typical case it isestimated to 0.12% per antenna port (0.48% for four antenna ports and 0.96% for eight antenna ports)


The relative overhead due to UE-specific RS (if present) is estimated to be approximately 7% in case of Rank 1 and Rank 2 transmission, and 14% for Rank 3-8 transmission. 


Uplink


L1/L2 overhead includes:


1. Demodulation reference symbols used e.g. for uplink channel estimation for uplink coherent demodulation, transmitted once every 0.5 ms slot. 


2. Sounding reference signal (SRS) used for uplink channel-state estimation at the nework side 


3. L1/L2 control signalling transmitted on configurable amount of resource blocks (see also Item 8.2.4.1.4.5)


4. L2 control overhead due to e.g., random access, uplink time-alignment control, power headroom reports and buffer-status reports


5. PDU headers in L2 layers (MAC/RLC/PDCP) 


The amount of overhead caused by 1 is approximately 14%, corresponding to one DFTS-OFDM symbol in each slot. The relative overhead is estimated to be independent of the rank of the transmission.


The amount of SRS overhead depends on the SRS transmission interval and SRS BW. With a 10 msec SRS transmission interval and full band SRS, the relative  overhead  is approximately 0.7%


Amount of uplink resources reserved for random access depends on the configuration. 


A typical case with PRACH format 0  is six resource blocks per radio frame, implying a relative overhead of  0.6%, 1.2%, and 2.4% for a channel bandwidth of 20 MHz, 10 MHz, and 5 MHz respectively.


The relative overhead due to uplink time-alignment control depends on the configuration and the number of active UEs within a cell. The absolute overhead is typically less than 32 bps per UE.


The amount of overhead for buffer status reports depends on the configuration. With continuous data and a 10 - 20 ms reporting interval the absolute overhead is 0.8-3.2 kbps.



The amount of overhead caused by 5 highly depends on the data packet size, and is approximately 2.7%, 0,51% and 0,32% for L1 data rates of 1, 10 and 100 Mbit/s, respectively.


UE-Satellite Downlink:


The downlink L1/L2 overhead includes:


1. Different types of reference signals


d) Cell-specific RS (CRS) transmitted within each resource block



e) UE-specific RS (URS)



f) Reference signals specifically targeting estimation of channel-state information (CSI-RS)



2. L1/L2 control signalling transmitted on the up to three  (four in case of 1.4 MHz bandwidth) OFDM symbols of each subframe


3. Synchronization signal and physical broadcast control channel


4. PDU headers in L2 sub-layers (MAC/RLC/PDCP) 


Overhead due to 1, 2, and 3 is included in the self-evaluation.


The combined overhead due to CRS (1a) and L1/L2 control signaling (2) depends on the number of cell-specific antenna ports and the number of OFDM symbols used for the L1/L2 control signaling. The number of overhead resource elements per resource-block pair (168 resource elements in total) and the corresponding relative overhead is given by the table below in case of non-MBSFN subframes.


Overhead (number of resource elements per resource-block pair and in percentage) due to L1/L2 control signaling and cell-specific reference signals:


Number of cell-specific antenna ports



Control-region size



1



2



L=1



18 (10.7%)



24 (14.3%)



L=2



30 (17.9%)



36 (21.4%)


L=3



42 (25%)



48 (28.6%)



In case of MBSFN subframes, the overhead is reduced to the following according to the table below:


Overhead (number of resource elements per resource-block pair and in percentage) due to L1/L2 control signaling and cell-specific reference signals:


Number of cell-specific antenna ports



Control-region size



1



2



L=1



12 (7.1%)



12  (7.1%)


L=2



24 (14.2%)



24 (14.2%)



L=3



36 (21.4%)



36 (21.4%)



Note: All the subframes are assumed to be MBSFN subframe in overhead estimation above. 


The overall overhead depends on the fraction of MBSFN subframes.


The overhead due UE-specific reference signals (1b) depends on the number of UE-specific antenna ports and is given by the table below. Note that the overhead due to UE-specific reference signals is only present in resource blocks in which UE-specific reference signals are being transmitted. 



Overhead (number of resource elements per resource-block pair and in percentage) due to UE-specific reference signals:


Number of antenna ports



1-2



12 (7.1%)



The relative overhead due to synchronization signals and physical broadcast channel (3) depends on operation bandwidth. A total of 528 resource elements per 10 ms frame is used for the synchronization signals and PBCH, corresponding to approximately 0.6% and 0.3%, overhead for 10 and 20MHz operation bandwidth, respectively.


The relative overhead due to E-PPCH (2304 resource elements per paging cycle) depends on the using frequencies of enhancement paging. This overhead is not included in the self-evaluation.


The overhead due to PDU headers (4) highly depends on the data packet size, and is approximately 2.7%, 0.51% and 0.32% for L1 data rates of 1, 10 and 100 Mbit/s, respectively. This overhead is not included in the self-evaluation.


If present, the relative overhead due to CSI-RS (1c) is depended on the number of antenna and periodicity. In typical case it isestimated to 0.12% per antenna port 


The relative overhead due to UE-specific RS (if present) is estimated to be approximately 7% in case of Rank 1 and Rank 2 transmission. 


UE-Satellite Uplink:


L1/L2 overhead includes:


1. Demodulation reference symbols used e.g. for uplink channel estimation for uplink coherent demodulation, transmitted once every 0.5 ms slot. 


2. Sounding reference signal (SRS) used for uplink channel-state estimation at the network side 


3. L1/L2 control signaling transmitted on configurable amount of resource blocks (see also Item 8.2.4.1.4.5)


4. L2 control overhead due to e.g., random access, uplink time-alignment control, power headroom reports and buffer-status reports


5. PDU headers in L2 layers (MAC/RLC/PDCP) 


The amount of overhead caused by 1 is approximately 14%, corresponding to one DFTS-OFDM symbol in each slot. The relative overhead is estimated to be independent of the rank of the transmission.


The amount of SRS overhead depends on the SRS transmission interval and SRS BW. With a 10 ms SRS transmission interval and full band SRS, the relative  overhead  is approximately 0.7%


Amount of uplink resources reserved for random access depends on the configuration. One RACH preamble format is added to support beam with 500km diameter. 


Preamble format 


TCP


TSEQ 



Sequence Length


GT



Sat1



41024Ts


2*24576Ts


839



≈1280 us



A typical case with sat1 format is 18 resource blocks per radio frame, implying a relative overhead of  1.5%, 3%, and 6% for a channel bandwidth of 20 MHz, 10 MHz, and 5 MHz respectively.


The relative overhead due to uplink time-alignment control depends on the configuration and the number of active UEs within a cell. The absolute overhead is typically less than 32 bps per UE.


The amount of overhead for buffer status reports depends on the configuration. With continuous data and a 10 - 20 ms reporting interval the absolute overhead is 0.8-3.2 kbps.



The amount of overhead caused by 5 highly depends on the data packet size, and is approximately 2.7%, 0,51% and 0,32% for L1 data rates of 1, 10 and 100 Mbit/s, respectively.


Above overhead calculations are based on normal CP length.





			8.2.4.1.4.3


			Variable bit rate capabilities


Describe how the proposal supports different applications and services with various bit rate requirements.


For a given combination of modulation scheme, code rate, and number of spatial-multiplexing layers, the data rate available to a user can be controlled by the scheduler by assigning different number of resource blocks for the transmission. In case of multiple services, the available/assigned resource, and thus the available data rate, is shared between the services.








TABLE 17 (continued)


			Item


			Item to be described





			8.2.4.1.4.4


			Variable payload capabilities



Describe how the RIT supports IP-based application layer protocols/services (e.g. VoIP, video-streaming, interactive gaming, etc.) with variable-size payloads.


See 8.2.4.1.4.3. The RIT is designed primarily for IP based services.  The transport-block size can vary between 16 bits and 2*149776 bits. The number of bits per transport block can be assigned with a fine granularity. 



See [36.213] sub-clause 7.1.7.2.1 for details.





			8.2.4.1.4.5


			Signalling transmission scheme


Describe how transmission schemes are different for signalling/control from that of user data.


Downlink



L1/L2 control signalling is time-multiplexed with data and transmitted in the first up to three OFDM symbols of each subframe. Control signalling is not confined to a certain set of resource blocks but is spread over the overall system bandwidths. Control signalling is limited to QPSK modulation (QPSK, 16QAM for and 64QAM for data). Control signalling relies on tail-biting convolutional coding (Turbo-codes for data).



Uplink



L1/L2 control signalling transmitted in one or multiple resource blocks at the edge of the system bandwidth and frequency multiplexed with data. 


Higher-layer signalling (e.g. MAC, RLC, PDCP headers and RRC signalling) is carried within transport blocks and thus transmitted using the same physical-layer transmitter processing as user data.


UE-Satellite DownLink: 


L1/L2 control signalling is time-multiplexed with data and transmitted in the first up to three OFDM symbols of each subframe. Control signalling is not confined to a certain set of resource blocks but is spread over the overall system bandwidths. Control signalling is limited to QPSK modulation (QPSK, 16QAM/16APSK for data). Control signalling relies on tail-biting convolutional coding (Turbo-codes for data).



UE-Satellite Uplink:


L1/L2 control signalling transmitted in one or multiple resource blocks at the edge of the system bandwidth and frequency multiplexed with data. 


Higher-layer signalling (e.g. MAC, RLC, PDCP headers and RRC signalling) is carried within transport blocks and thus transmitted using the same physical-layer transmitter processing as user data.









			8.2.4.1.5


			Mobility management (Handover)





			8.2.4.1.5.1


			Describe the handover mechanisms and procedures which are associated with 



–
Inter-System handover;



–
Intra-System handover;




–
Intra-frequency and Inter-frequency;




–
Within the RIT or between RITs within one SRIT (if applicable).



Characterize the type of handover strategy or strategies.


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


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


U-plane data forwarding is supported in both Inter-System and Intra-System handover to realize a lossless handover.


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


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


UE-Satellite Link: 


For intra-satellite inter beam handover: The procedure could be optimized by avoiding RACH procedure in the target beam in the case of tight synchronization among different beams.


For terrestrial-to-satellite handover: The procedure could be optimized by uplink pre-synchronization.


For satellite-to-terrestrial handover: The existing terrestrial LTE handover procedure can be re-used directly.





			8.2.4.1.5.2


			What are the handover interruption times for:



–
within the RIT (intra- and inter-frequency);



–
between various RITs within a SRIT;



–
between the RIT and another IMT system.


For intra-RIT handover, the estimated total average interruption time is about 12 ms under typical configuration. 


There is no difference between intra- and inter-frequency handover. 


And, there is no difference between intra- and inter-RITs handover. 


For handover between LTE and UTRAN/GERAN, the requirement is <300ms for real-time services and <500ms for non-real-time services. 


Similar performance is expected for handover between LTE and cdma2000


For the RIT, similar performance is expected.


UE-Satellite Link:


For intra-satellite inter beam handover: 



In the case of unsynchronization among different beams: the estimated total average interruption time is about 14+2x ms under typical configuration using existing terrestrial LTE handover procedure. There is no difference between intra- and inter-frequency handover. 


In the case of tight synchronization among different beams: The estimated total average interruption time is less than 10 ms under typical configuration using optimized handover procedure. There is no difference between intra- and inter-frequency handover.


For terrestrial-to-satellite handover: the estimated total average interruption time is about 2x ms under typical configuration using optimized handover procedure. 


For satellite-to-terrestrial handover: the estimated total average interruption time is about 12ms under typical configuration.



x is the propagation delay between the handover UE and the satellite gateway.


Note: terrestrial means CGG or other IMT terrestrial systems.








			8.2.4.1.6


			Radio resource management





			8.2.4.1.6.1


			Describe the radio resource management, support of:



–
centralized and/or distributed RRM;



–
dynamic and flexible radio resource management;



–
efficient load balancing.


RRM control in the RIT is based on a distributed manner, i.e. all of RRM related functions e.g. radio bearer control, radio admission control, packet scheduling and load balancing, are located in the base station.


The radio resource management control ranges from those which are highly dynamic, e.g. scheduling and power control, to those which are less dynamic, e.g. load balancing.


Scheduling operates on a per resource-block-pair basis (one subframe of 1ms over 180kHz). Similarly, power control commands can be sent as often as once every 1 ms subframe.


In addition to the basic RRM control, to assist load balancing between cells of different base stations , a mechanism of exchanging and updating the relevant measurements e.g. PRB resource measurements, interference indicators (High Intereference Indicator and Overload Indicator), downlink RNTP, etc., between base stations is supported.


UE-Satellite Link:


RRM control in the RIT, e.g. radio bearer control, radio admission control, packet scheduling and load balancing, is located in the satellite gateway.


The radio resource management control ranges from those which are highly dynamic, e.g. scheduling and power control, to those which are less dynamic, e.g. load balancing.


Scheduling operates on a per resource-block-pair basis (one subframe of 1ms over 180kHz). As an enhanced mode, smaller granularity in frequency assignment (e.g., one subcarrier) can also be supported.


Power control commands could be sent once every hundreds of ms.


In addition to the basic RRM control, to assist load balancing between different beams, a mechanism of exchanging and updating the relevant measurements e.g. PRB resource measurements, interference indicators (High Intereference Indicator and Overload Indicator), downlink RNTP, etc., between different beams is supported.








			8.2.4.1.6.2


			Inter-RIT interworking



Describe the functional blocks and mechanisms for interworking (such as a network architecture model) between heterogeneous RITs within a SRIT, if supported.


The source RAN requests handover and forwards the UE context to the target RAN via the CN in a transparent manner. The target RAN makes the decision whether to accept or deny the handover request. If the request is accepted, the target RAN generates the handover command message which is transparently sent over the source RAN to the UE.


The RIT network interface supports the transparent transport of signalling for Inter-RIT interworking, e.g. handover signalling, RAN Information Management (RIM) transfer signalling.





			8.2.4.1.6.3


			Connection/session management



The mechanisms for connection/session management over the air-interface should be described. For example:


–
the support of multiple protocol states with fast and dynamic transitions; 



–
the signalling schemes for allocating and releasing resources.
Connection/session management is performed by the RRC protocol between the UE and RAN, and the NAS protocol between the UE and CN. The RRC protocol has only two states, i.e., RRC_CONNECTED and RRC_IDLE. RRC messages are used e.g., to establish connection, configure the radio bearers and their corresponding attributes, and to control mobility. The NAS protocol performs e.g., authentication, bearer context activation/ deactivation and location registration management.


For details of the RRC protocol and procedures, see [36.331]. 





			8.2.4.1.7


			Frame structure





			8.2.4.1.7.1


			Describe the frame structure for downlink and uplink by providing sufficient information such as:



–
frame length;



–
the number of time slots per frame;



–
the number and position of switch points per frame for TDD;



–
guard time or the number of guard bits;



–
user payload information per time slot;



–
control channel structure and multiplexing;



–
power control bit rate.


One radio frame of length 10 ms consisting of 10 subframes, each of length 1 ms. Each subframe consisting of two slots, each of length 0.5 ms. Each slot consisting of seven OFDM symbols (six OFDM symbols in case of extended cyclic prefix).


Downlink control signalling is time multiplexed with data on a subframe basis with control signaling transmitted in the first up to three OFDM symbols of each subframe and data transmitted in the remaining part of the subframe (up to 13 OFDM symbols).


Uplink control signalling is frequency-multiplexed with data for other UEs (no time separation) when the UE has no data to be transmitted. Uplink control signalling is typically transmitted at the edges of the overall system bandwidth. Uplink control signalling is piggy-backed with data i.e. transmitted with data on the PUSCH when the UE has data to be transmitted.


No specific power-control rate. At most one power-control command per subframe, implying 1 kHz maximum power-control rate.


For more details on the (uplink) power control, see [36.213] sub-clause 5.1.








			8.2.4.1.8


			Spectrum capabilities and duplex technologies



NOTE 1 – Parameters for both downlink and uplink should be described separately, if necessary.





			8.2.4.1.8.1


			Spectrum sharing and flexible spectrum use



Does the RIT/SRIT support flexible spectrum use and/or spectrum sharing for the bands for IMT? Provide details.


Flexible spectrum use is supported by using one or multiple component carriers. Multiple component carriers can be aggregated to achieve up to 100 MHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).


For IMT satellite spectrum (1980-2010MHz/2170-2200MHz), 30MHz bandwidth could be achieved by the aggregation of 20MHz+10MHz,10MHz+10MHz+10MHz,and so on.








TABLE 17 (continued)


			Item


			Item to be described





			8.2.4.1.8.2


			Channel bandwidth scalability



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



Describe whether the proposed RIT supports extensions for scalable bandwidths wider than 30 MHz.



Consider, for example:



–
the scalability of operating bandwidths; 



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



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


One component carrier supports a scalable bandwidth,1.4, 3, 5, 10, 15 and 20 MHz. By aggregating multiple component carriers, transmission bandwidths up to 100 MHz are supported to provide the highest data rates. Component carriers can be either contiguous or non-contiguous in the frequency domain. The number of component carriers transmitted and/or received by a mobile terminal can vary over time depending on the instantaneous data rate.





			8.2.4.1.8.3


			What are the frequency bands supported by the RIT? Please list.


Uplink operating band: 1980-2010 MHz


Downlink operating band: 2170-2200 MHz


And other possible bands. 





			8.2.4.1.8.4


			What is the minimum amount of spectrum required to deploy a contiguous network, including guardbands (MHz)? 


The minimum amount of spectrum is 2 x 1.4 MHz





			8.2.4.1.8.5


			What are the minimum and maximum transmission bandwidth (MHz) measured at the 3 dB down points?


The 3 dB bandwidth is not part of the specifications, however:


· The minimum 99% channel bandwidth (occupied bandwidth of single component carrier) is 1.4 MHz.


· The maximum 99% channel bandwidth (occupied bandwidth of single component carrier) is 20 MHz.


· Multiple component carriers can be aggregated to achieve up to 100 MHz of transmission bandwidth.





			8.2.4.1.8.6


			What duplexing scheme(s) is (are) described in this template? (e.g. TDD, FDD or half‑duplex FDD). 



Describe details such as:



–
What is the minimum (up/down) frequency separation in case of full- and half‑duplex FDD? 



–
What is the requirement of transmit/receive isolation in case of full- an half‑duplex FDD? Does the RIT require a duplexer in either the mobile station (MS) or space segment? 



–
What is the minimum (up/down) time separation in case of TDD?



–
Whether the DL/UL Ratio variable for TDD? What is the DL/UL ratio supported? If the DL/UL ratio for TDD is variable, what would be the coexistence criteria for adjacent cells?


The RIT technical parameters have been chosen to ensure operation in the IMT bands.



The RIT is based on FDD with support for both half-duplex and full-duplex FDD. For the base station, a duplexer is needed for half-duplex/full-duplex FDD. For the terminal, a duplexer is needed for full-duplex FDD only. 


For full-duplex FDD, the required transmit/receive isolation is a UE function of; the Tx emission mask (emission level on the Rx frequency) , the TX-Rx frequency spacing , the Tx- Rx duplex filter isolation, the TX and RX configuration (RB location, RB power and RB allocation) and the required Rx desense criteria. 


For 1980-2010/2170-2200MHz, the following parameters are defined:


· the (up/down) Tx to Rx frequency separation is 190 MHz


· the Tx-Rx band gap is 160 MHz


For other possible bands, the following parameters can be supported:



· the minimum (up/down) Tx to Rx frequency separation is 30 MHz


· the minimum Tx-Rx band gap is 10 MHz


For half-duplex FDD, for the UE there is no specified transmit / receive isolation due half duplex mode. 









			8.2.4.1.9


			Support of advanced antenna capabilities





			8.2.4.1.9.1


			Fully describe the multi-antenna systems supported in the MS, Space segment, or both that can be used and/or must be used; characterize their impacts on systems performance; e.g. does the RIT have the capability for the use of:



–
spatial multiplexing techniques;



–
space-time coding (STC) techniques;



–
beam-forming techniques (e.g. adaptive or switched). 


Downlink



· Transmit diversity based on SFBC (Space Frequency Block Coding)  in the case of two transmit antennas and combined SFBC and FSTD (Frequency Switched Transmit Diversity) for the case of more than two antennas [36.211]. Maximum number of antenna ports: At least 4


· Closed-loop spatial multiplexing with up to 8 layers and open-loop spatial multiplexing with up to at least 4 layers. 


· Single and multi-layer non-codebook based adaptive beam-forming


· Multi-user MIMO (so called SDMA)


For more details on multi-antenna transmission, see [36.211] sub-clauses 6.3.3/6.3.4


Uplink


· Closed-loop spatial multiplexing with up to 4 layers


· Closed-loop and UE autonomous antenna selection diversity


· Multi-user MIMO (so called SDMA)


UE-Satellite Downlink: 


· Transmit diversity based on SFBC (Space Frequency Block Coding). Maximum number of antenna ports: 2


· Open-loop spatial multiplexing with up to 2 layers. 


UE-Satellite Uplink:


· Open-loop spatial multiplexing with up to 2 layers


· Open-loop and UE autonomous antenna selection diversity








			8.2.4.1.9.2


			How many antennas are supported by the Space segment and MS for transmission and reception? Specify if correlated or uncorrelated antennas in co-polar or cross-polar configurations are used. What is the antenna spacing (in wavelengths)? 


Up to 8 cell-specific antenna ports (transmit antennas) are supported in the downlink.



Up to 4 antenna ports (transmit antennas) are supported in the uplink. 


Number of receive antennas are receiver-implementation specific. At least two receive antennas are assumed on the terminal side. 


The antenna configuration (correlatedd/uncorrelated antennas, co-polar/cross-polar configuration, etc.) is implementation specific. Regarding what has been used in the self-evaluation, see Item 8.2.4.1.9.3 below



UE-Satellite link: 


Up to 2 antenna ports are supported in the downlink.



Up to 2 antenna ports are supported in the uplink. 





			8.2.4.1.9.3


			Provide details on the antenna configuration that is used in the self-evaluation.


UE-Satellite link:


Single Input Single Output (SISO) is used in the self-evaluation.





			8.2.4.1.9.4


			If spatial multiplexing (MIMO) is supported, does the proposal support (provide details if supported):



–
Single codeword (SCW) and/or multi-codeword (MCW).



–
Open and/or closed loop MIMO.


–
Cooperative MIMO.



–
Single-user MIMO and/or multi-user MIMO.



Multi-codeword (up to two codewords per component carrier) is supported.


Open and closed loop MIMO with precoding are supported in the RIT.


The RIT supports coordinated multipoint transmsision/reception, see 8.2.4.1.20.1, which could be used to implement differerent forms of cooperative multi-antenna (MIMO) transmission schemes.


Both single-user MIMO and multi-user MIMO are supported


UE-Satellite link:


Multi-codeword (up to two codewords per component carrier) is supported.


Open loop MIMO with precoding is supported in the RIT.


Only single-user MIMO is supported.











TABLE 17 (continued)


			Item


			Item to be described





			8.2.4.1.9.5


			Other antenna technologies


Does the RIT/SRIT support other antenna technologies, for example:



–
remote antennas;



–
distributed antennas.  



If so, please describe.


No support. 





			8.2.4.1.9.6


			Provide the antenna tilt angle used in the self-evaluation.


N/A





			8.2.4.1.10


			Link adaptation and power control





			8.2.4.1.10.1


			Describe link adaptation techniques employed by RIT/SRIT, including:



–
the supported modulation and coding schemes;



–
the supporting channel quality measurements, the reporting of these measurements, their frequency and granularity;



Provide details of any adaptive modulation and coding schemes, including:


–
hybrid ARQ or other retransmission mechanisms? 



–
algorithms for adaptive modulation and coding, which are used in the self‑evaluation; 



–
other schemes?


For data, the RIT supports the modulation schemes QPSK, 16 QAM and 64 QAM, and code rates between approximately 0.1 and 0.9. Some 27 different modulation-scheme/code-rate combinations exist. This is valid for both downlink and uplink. 



In both downlink and uplink, link adaptation (selection of modulation scheme and code rate) is controlled by the base station. In the downlink the network selection of modulation-scheme/code-rate combination can e.g. be based on Channel Quality Indicators (CQIs) reported by the terminals. Several different CQI modes exist, including frequency-selective and wideband modes, periodic and aperiodic modes. The CQI mode is controlled by the base station. In the uplink the base station may measure either the traffic channel or sounding reference signals and use this as input to link adaptation. More details are found in [36.213].


On the MAC layer, hybrid ARQ with soft-combining between transmissions is supported. Different redundancy versions are used for different transmissions. The modulation scheme may be changed for retransmissions. In order to minimize delay and feedback, a set of parallel stop-and-wait protocols are used. To correct possible residual errors, the MAC ARQ is complemented by a robust selective-repeat ARQ protocol on the RLC layer. More details are found in [36.321] and [36.322].


UE-Satellite link: 



For data, the RIT supports the modulation schemes QPSK, 16 QAM/16APSK, and code rates between approximately 0.1 and 0.9. Some 19 different modulation-scheme/code-rate combinations exist. This is valid for both downlink and Uplink. 



In both downlink and uplink, link adaptation (selection of modulation scheme and code rate) is controlled by the gateway. In the Downlink the network selection of modulation-scheme/code-rate combination can e.g. be based on Channel Quality Indicators (CQIs) reported by the terminals. Wideband CQI with longer periodic or aperiodic mode are mostly used. The CQI mode is controlled by the satellite gateway. In the uplink the satellite gateway may measure either the traffic channel or sounding reference signals and use this as input to link adaptation. More details are found in [36.213], and the period of CQI reporting is extended to 2048ms


On the MAC layer, virtual hybrid ARQ with soft-combining is supported without ACK/NACK feedback. Based on the reported CQI from the receiver, the transmitter adaptively selects both the MCS level and the number of transmitted redundancy versions. To correct possible errors, a robust selective-repeat ARQ protocol on the RLC layer is supported.


In the self-evaluation, HARQ is not used.





			8.2.4.1.10.2


			Provide details of any power control scheme included in the proposal, for example:



–
power control step size (dB);



–
power control cycles per second;



–
power control dynamic range (dB);



–
minimum transmit power level with power control;



–
associated signalling and control messages.


The RIT uplink power control is based on both signal-strength measurements done by the terminal itself (open-loop power control), as well as measurements by the base station. The later measurements are used to generate power-control commands that are subsequently fed back to the terminals as part of the downlink control signaling (closed-loop power control). Both absolute and relative power-control commands are supported. The available relative power adjustments (“step size”) in case of relative power control are [-1 dB, 0 dB, +1 dB, +3 dB]. The time between power-control commands can be down to 1ms. The minimum transmit power, – 40dBm, yielding a dynamic range of -40 to 23=63dB for a terminal with maximum power 23dBm. More details about uplink power control are found in [36.213].



Downlink power control is network-implementation specific and thus outside the scope of the specification. A simple and efficient power control strategy is to transmit with a constant output power. Variations in channel conditions and interference levels are adapted to by means of scheduling and link adaptation rather than with power control








			8.2.4.1.11


			Power classes





			8.2.4.1.11.1


			Mobile station emitted power





			8.2.4.1.11.1.1


			What is the radiated antenna power measured at the antenna (dBm)?


The radiated antenna power depends on the user terminal classes supported by this radio interface. 


UE type



Maximum radiated antenna power



Reference antenna gain



Maximum e.i.r.p.



Handheld



Class 1



2 W (33 dBm)



0 dBi



3 dBW



Class 2



500 mW (27 dBm)



−3 dBW



Class 3



250 mW (24 dBm)



−6 dBW



Portable



2 W (33 dBm)



2 dBi



5 dBW



Vehicular



8 W (39 dBm)



4 dBi



13 dBW



Transportable



2 W (33 dBm)



14 dBi



17 dBW








			8.2.4.1.11.1.2


			What is the maximum peak power transmitted while in active or busy state?


See Item 8.2.4.1.11.1.1.





			8.2.4.1.11.1.3


			What is the time averaged power transmitted while in active or busy state? Provide a detailed explanation used to calculate this time average power.


The time averaged power transmitted depends on: the data rate, the power control parameter settings, the test environment, etc.





			8.2.4.1.11.2


			Space segment emitted power





			8.2.4.1.11.2.1


			What is the base station transmit power per RF carrier?


In a certain beam, the satellite transmit power of one component carrier is the mean power delivered to a load with resistance equal to the nominal load impedance of the transmitter.


The base station maximum transmit power of one component carrier is the mean power level measured at the base station antenna connector in a specified reference condition.



The transmit power of multiple component carriers can be aggregated.



The maximum transmit power of base station in each beam depends on the satellite power capability, the satellite orbit, the number of beams, and so on. 








			8.2.4.1.11.2.2


			What is the maximum peak transmitted power per RF carrier radiated from antenna?


See Item 8.2.4.1.11.2.1 


In self-evaluation, the EIRP assumption of each beam is 59dBW.





			8.2.4.1.11.2.3


			What is the average transmitted power per RF carrier radiated from antenna?


The average transmitted carrier power is subject to the traffic, capacity and deployment scenario.





			8.2.4.1.12


			Scheduler, QoS support and management, data services








TABLE 17 (continued)


			Item


			Item to be described





			8.2.4.1.12.1


			QoS support



–

What QoS classes are supported?



–

How QoS classes associated with each service flow can be negotiated.



–

QoS attributes, for example:





–
data rate (ranging from the lowest supported data rate to maximum data rate supported by the MAC/PHY);





–
control plane and user plane latency (delivery delay);





–
packet error rate (after all corrections provided by the MAC/PHY layers), and delay variation (jitter).



–
Is QoS supported when handing off between radio access networks? Please describe.



–
How users may utilize several applications with differing QoS requirements at the same time.


In the RIT up to 8 data bearers can be established in parallel for a UE. Each bearer is associated with a QoS class index (QCI), and an Allocation/ Retention Priority (ARP) , and optionally with guaranteed bitrate (GBR) and maximum bit rate (MBR). The QCI is an index representing the priority, allowable delay, and packet error rate of a bearer, and up to 256 QCIs could be defined by the operator (9 of which is standardized). The QCI, MBR, GBR and ARP are signalled from the CN to the RAN when the bearer is established or modified, so that the scheduler in the RAN could ensure the QoS for each bearer. The ARP as well as other QoS parameters could be used to determine which bearers to prioritise at handover. By using multiple bearers having different QoS profile, multiple application flows with different QoS requirements could be accommodated.


UE-Satellite link: 


In the RIT up to 8 data bearers can be established in parallel for a UE. Each bearer is associated with a QoS class index (QCI), and an Allocation/ Retention Priority (ARP) , and optionally with guaranteed bitrate (GBR) and maximum bit rate (MBR). The QCI is an index representing the priority, allowable delay, and packet error rate of a bearer, and up to 256 QCIs could be defined by the operator. The QCI, MBR, GBR and ARP are signalled from the CN to the RAN when the bearer is established or modified, so that the scheduler in the RAN could ensure the QoS for each bearer. The ARP as well as other QoS parameters could be used to determine which bearers to prioritise at handover. By using multiple bearers having different QoS profile, multiple application flows with different QoS requirements could be accommodated.


The typical QCI characteristics are as follows:


typical QCI characteristics


QCI



Resource Type



Priority



Packet Delay Budget 



Packet Error Loss



Rate 



Example Services



1



GBR


2


100ms+x


10-2


Conversational Voice


2



3


150 ms+x


10-3


Conversational Video (Live Streaming)


3



4


300 ms+2x


10-6


Non-Conversational Video (Buffered Streaming)


4



Non-GBR


1


100 ms+2x


10-6


IMS Signalling


5



5


300ms+2x


10-6


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


6



6


100 ms+2x


10-3


Voice,
Video (Live Streaming)
Interactive Gaming


7



7


300 ms+2x


10-6


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


8



8


sharing, progressive video, etc.)


Note: x is the average transmission delay between UE and satellite gateway.


“+x”, service is assumed to be transmitted with RLC UM;


“+2x”, service is assumed to be transmitted with RLC AM.





			8.2.4.1.12.2


			Scheduling mechanisms



–
Exemplify scheduling algorithm(s) that may be used for full buffer and VoIP traffic in the technology proposal for evaluation purposes.



Describe any measurements and/or reporting required for scheduling.


In the RIT dynamic scheduling on a 1 ms basis is applied to both uplink and downlink. Typically, the RIT scheduling is based on the instantaneous radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the base station may e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”.  


For VoIP traffic (or any traffic having similar characteristics) semi-persistent scheduling can be applied, by which a user can be allocated time-frequency resources in a semi-persistent manner, i.e., fixed resources are allocated at certain intervals without L1/L2 control signaling each time. This is especially useful to reduce the L1/L2 control signaling overhead and to increase VoIP capacity.


Moreover, the RIT supports TTI bundling, by which time-frequency resources can be allocated consecutively to a user for a longer period than 1 ms by a single L1/L2 control signaling. A larger transport block size or a lower coding rate can be supported by this technique. This is especially useful when the coverage needs to be extended.


Intercell-interference coordination mechanisms may also be realized by the scheduler. To aid inter-cell coordination, the RIT defines two indicators exchanged between base stations: The High-interference Indicator (HI) provides information to neighboring cells about the part of the cell bandwidth upon which the cell intends to schedule its cell-edge users. The Overload Indicator (OI) provides information on the uplink interference level experienced in each part of the cell bandwidth.


For the downlink, intercell-interference coordination can be realized using a Relative Narrowband TX Power (RNTP) indicator.


See [36.423] for details.


In satellite gateway case:


In the RIT dynamic scheduling on a 1 ms basis is applied to both uplink and downlink. Typically, the RIT scheduling is based on the radio-link quality as seen by the different users, and the traffic demand and quality-of-service requirements of individual users and in the cell as a whole. The former is based on CQI reports from the terminals (downlink) or measurements of sounding signals from the terminals (uplink). Based on this the base station may, e.g. apply a proportional fair scheduling algorithm. The QoS assessment is supported by means of receiving QoS information from the “higher layers”.  


For VoIP traffic (or any traffic having similar characteristics) semi-persistent scheduling or fixed scheduling can be applied, by which a user can be allocated time-frequency resources in a semi-persistent or fixed manner, i.e., fixed resources are allocated at certain intervals without L1/L2 control signaling each time. This is especially useful to reduce the L1/L2 control signaling overhead and to increase VoIP capacity. 


Moreover, the RIT supports TTI bundling (up to 20 TTI bundling) on both uplink and downlink, by which time-frequency resources can be allocated consecutively to a user for a longer period than 1 ms by a single L1/L2 control signaling. A larger transport block size or a lower coding rate can be supported by this technique. This is especially useful when the coverage needs to be extended.


Interbeam-interference coordination mechanisms may also be realized by the scheduler. To aid inter-beam coordination, the RIT defines two indicators: The High-interference Indicator (HI) provides information to neighboring beams about the part of the cell bandwidth upon which the beam intends to schedule its beam-edge users. The Overload Indicator (OI) provides information on the uplink interference level experienced in each part of the beam bandwidth.


For the downlink, intercell-interference coordination can be realized using a Relative Narrowband TX Power (RNTP) indicator.


See [36.423] for details.








			8.2.4.1.13


			Radio interface architecture and protocol stack





			8.2.4.1.13.1


			Describe details of the radio interface architecture and protocol stack such as:



Logical channels


–
Control channels.



–
Traffic channels.



Transport channels and/or physical channels.


The C-plane consists of the NAS, RRC, PDCP, RLC, MAC and PHY layers.


-  NAS: Protocol between the UE and CN, and performs e.g., authentication, context activation/ deactivation and location registration management.


-  RRC: Protocol between the UE and RAN, and performs e.g., system information delivery, connection establishment/ release and mobility control.


-  PDCP: Performs header compression, integrity protection and ciphering.


-  RLC: Performs segmentation/ concatenation of packets and ARQ.


-  MAC: Performs HARQ and scheduling.


The U-plane consists of the PDCP, RLC, MAC and PHY layers. The functions of PDCP, RLC and MAC are the same as for C-plane.


For details of logical channels and their mapping to transport and physical channels, see [36.300].


UE-Satellite Link: 


The C-plane consists of the NAS, RRC, PDCP, RLC, MAC and PHY layers.


-  NAS: Protocol between the UE and CN, and performs e.g., authentication, context activation/ deactivation and location registration management.


-  RRC: Protocol between the UE and RAN, and performs e.g., system information delivery, connection establishment/ release and mobility control.


-  PDCP: Performs header compression, integrity protection and ciphering.


-  RLC: Performs segmentation/ concatenation of packets and ARQ.


-  MAC: Performs scheduling.


The U-plane consists of the PDCP, RLC, MAC and PHY layers. The functions of PDCP, RLC and MAC are the same as for C-plane.


For details of logical channels and their mapping to transport and physical channels, see [36.300].


Enhanced Physical Paging Channel (E-PPCH) is added. E-PPCH is used to transmit user paging ID when an UE cannot be reached by normal paging process. The 32bits M-IMSI are segmented and coded to a long sequence, the E-PPCH sequences are mapped to 2 OFDM symbols in the centric 6PRBs before the PSS/SSS sequence. UE can search and synchronize to E-PPCH symbols and reading the Paging ID even in very low RX power.





[image: image1.emf]PCH
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			8.2.4.1.13.2


			What is the bit rate required for transmitting feedback information?


Assuming that an RLC AM Status report is sent once every 50 ms and that comprises on average less than one negative acknowledgement, its size including RLC/MAC header overhead is then on average 3+1=4 octets. Consequently, the overhead this causes is 32/0.05= 640 bit/s. This corresponds to 0.06% overhead for link speeds of 1Mbit/s.





			8.2.4.1.13.3


			Channel access


Describe in details how RIT/SRIT accomplishes initial channel access, (e.g. contention or non-contention based).


The UE gains access to a cell by use of contention-based random access procedure. With this procedure the UE transmits a random access preamble by choosing one from a maximum of 64 possible candidates on a PRACH. If the base station detects a random access preamble, the base station sends a response allocating a temporary UE identity and radio resources for the uplink transmission of the initial RRC message. The UE further transmits the initial RRC message to the base station, using the allocated resources. If the base station successfully receives this initial RRC message, the base station echoes the message back to the UE in order to resolve possible contention. The UE could perform multiple attempts until it is successful in accessing the cell or until a timer supervising the procedure has elapsed. Multiple PRACHs can be configured, in order to reduce the probability of contention and to increase the PRACH capacity.


For UEs who have gained access to a cell (i.e. has RRC connection), non-contention based channel access request is supported by means of:


(1) Scheduling Request (SR) on Physical Uplink Control CHannel (PUCCH), in which a dedicated resource on PUCCH for SR is semi-statically assigned by the base station to a UE, and


(2) Dedicated random access resource assignment, in which a dedicated random access preamble on specific PRACH(s) is dynamically assigned by the base station to a UE, thereby making it possible to skip the contention resolution procedure.


UE-Satellite Link: 


If UE without global navigation satellite system(GNSS) function: 


The UE gains access to a cell by use of contention-based random access procedure. With this procedure the UE transmits a random access preamble by choosing one from a maximum of 64 possible candidates on a PRACH. If the satellite gateway detects a random access preamble, the satellite gateway sends a response allocating a temporary UE identity and radio resources for the uplink transmission of the initial RRC message. The UE further transmits the initial RRC message to the satellite gateway, using the allocated resources. If the satellite gateway successfully receives this initial RRC message, the satellite gateway echoes the message back to the UE in order to resolve possible contention. The UE could perform multiple attempts until it is successful in accessing the beam or until a timer supervising the procedure has elapsed. Multiple PRACHs can be configured, in order to reduce the probability of contention and to increase the PRACH capacity.


For UEs who have gained access to a beam (i.e. has RRC connection), non-contention based channel access request is supported by means of:


(1) Scheduling Request (SR) on Physical Uplink Control CHannel (PUCCH), in which a dedicated resource on PUCCH for SR is semi-statically assigned by the satellite gateway to a UE, and


(2) Dedicated random access resource assignment, in which a dedicated random access preamble on specific PRACH(s) is dynamically assigned by the satellite gateway to a UE, thereby making it possible to skip the contention resolution procedure.


The ssatellite broadcasts the propagation time delay from satellite to reference location of a beam in each satellite beam to ensure the RACH preambles from different beams to arrive the satellite in the detection window. UE can set the RACH preamble transmission time according to this broadcasting delay.


If UE with GNSS function:


A satellite can further broadcast a reference UTC timing. An UE equipped with GNSS can calculate the correct timing advance to synchronize with the satellite within 1 us level. Then UE can access to the satellite gateway by contention-based data transmission. In this case, the satellite broadcasts a set of contention-based resources in the beam. A UE can choose one of the resources to send data with its identifier. If the data transmission is success, the satellite gateway sends UE a response. Otherwise, UE retries the access procedure after a random back off time.





			8.2.4.1.14


			Beam selection





			8.2.4.1.14.1


			Describe in detail how the RIT/SRIT accomplishes cell selection to determine the serving cell for the users.


The UE performs cell search with aid of synchronization channels (SCHs) on the downlink. If a cell is detected, the UE checks the suitability of the cell, i.e., the UE checks that the received reference-signal power is above the minimum required value and checks the PLMN identity, as well as other parameters restricting camping on the cell (e.g., cell barring status), on system information. If multiple cells are found as suitable, the UE selects the best cell in terms of the received reference-signal power to ensure efficient spectrum usage.


For inter-frequency and inter-RAT cell reselection, absolute priorities could be configured so that certain frequency/ RAT would be prioritized for camping. The priorities could be signaled by system information broadcast or by dedicated signaling.





			8.2.4.1.15


			Location determination mechanisms





			8.2.4.1.15.1


			Describe any location determination mechanisms that may be used, e.g. to support location based services. 


In previous LTE releases, U-plane based solution, i.e., SUPL, and cell level granularity location reporting are supported. In previous LTE releases, C-plane based techniques, e.g., RTT, OTDOA, will be supported in addition. The RIT will be based on the same techniques or other enhanced approaches.


UE-Satellite link: 


The satellite system does not provide location based services for UEs.








			8.2.4.1.16


			Priority access mechanisms





			8.2.4.1.16.1


			Describe techniques employed to support prioritization of access to radio or network resources for specific services or specific users (e.g. to allow access by emergency services).


Access classes are used to differentiate admittance in accessing a cell. Each UE (USIM) is associated to an access class defined for normal use, and in addition, may belong to an access class in the special categories, e.g., PLMN staff, social security services, government officials.


The traffic load can be controlled by use of access barring mechanism. For normal use, an access barring rate (percentage) and the barring time could be broadcast in case of congestion. For the special categories, 1-bit barring status could be broadcast for each access class. These barring parameters could be configured independently for mobile originating data and mobile originating signaling attempts. For mobile terminating calls, no access barring is applicable since the network could discard certain amount of paging in case of congestion.


For emergency calls, a separate 1-bit barring status is indicated, which is the only parameter used to supervise these calls.


For further details see [36.331] sub-clause 5.3.3.2.








			8.2.4.1.17


			Unicast, multicast and broadcast





			8.2.4.1.17.1


			Describe how the RIT enables:



–
broadcast capabilities;



–
multicast capabilities;



–
unicast capabilities;



using both dedicated carriers and/or shared carriers. Please describe how all three capabilities can exist simultaneously.


The RIT is envisioned to support broadcast, multicast and unicast services. The spectrum efficiency for broadcast/multicast services would be at least as high as the satellite component of IMT-2000. MBSFN (MBMS single frequency network) could be applied when the broadcast/multicast service spans multiple contiguous beams, improving the spectrum efficiency.


The RIT is envisioned to support mixed carrier use among broadcast/ multicast and unicast services. On a mixed carrier, MBSFN and unicast share the same spectrum in a TDM manner, whereas TDM and/or FDM sharing is possible for single beam broadcast/ multicast transmission.


The basic network architecture to support broadcast/multicast transmission is specified in the RIT. (see [36.300]).
The network architecture for broadcast, multicast is realized by adding the following functions to the unicast network architecture:


- a logical entity to coordinate allocation of radio resources to be used by all the beam in MBSFN areas for multi-cell MBSFN transmission


- a network interface with IP-Multicast support for U-plane data transport








			8.2.4.1.17.2


			Describe whether the proposal is capable of providing multiple user services simultaneously to any user with appropriate channel capacity assignments?


Multiple services per user can be supported by setting up multiple bearers per user. Each radio bearer is characterized by an individual QoS profile, including the attributes guaranteed bitrate, maximum bitrate, and allocation and retention priority as described in detail in 8.2.4.1.12.1. Multiple services per user can also be supported by mapping multiple services to a single bearer in the NAS layer, if the QoS is the same for these services.


UE-Satellite Link:


Multiple services per user can be supported by setting up multiple bearers per user. Each radio bearer is characterized by an individual QoS profile, including the attributes guaranteed bitrate, maximum bitrate, and allocation and retention priority as described in the QCI table in 8.2.4.1.12.1.  Multiple services per user can also be supported by mapping multiple services to a single bearer in the NAS layer, if the QoS is the same for these services.











TABLE 17 (continued)


			Item


			Item to be described





			8.2.4.1.17.3


			Provide details of the codec used for VoIP capacity in the self evaluation.



Does the RIT support multiple voice and/or video codecs? Provide details.


The RIT supports the AMR voice codec and could support various other voice and video codec as desired. The radio interface technology is agnostic of the codec used and is capable of accommodating diverse range of codec that are commonly used today as well as those defined in future.


In the self-evaluation, 12.2 kbps VoIP traffic model is applied.





			8.2.4.1.17.4


			If a codec is used that differs from the one specified in Report ITU‑R M.[IMT-Advanced SAT], specify the voice quality (e.g. PSQM, PESQ, CCR, E‑Model, MOS) for the corresponding VoIP capacity in the self-evaluation.


The same codec specified in Report ITU-R M.2176 is used in self-evaluation.





			8.2.4.1.18


			Privacy, authorization, encryption, authentication and legal intercept schemes





			8.2.4.1.18.1


			Any privacy, authorization, encryption, authentication and legal intercept schemes that are enabled in the radio interface technology should be described. Describe whether any synchronization is needed for privacy and encryptions mechanisms used in the RIT.



Describe how the RIT may be protected against attacks, for example: 



–
man in the middle; 



–
replay;



–
denial of service.


Security and privacy in the RIT will be provided at a level at least as high as that of LTE release 10. This will be assured by reusing mechanisms of LTE which in turn consists of enhancements to the mature and well-proven security design for UMTS.   



A thorough analysis of the security requirements and different solution alternatives for the LTE architecture has been done, assuring that attacks based on interception, modification, replay, impersonation/man-in-the-middle, denial-of-service, etc, are properly countered. The security solution will thus provide (among other things): strong mutual subscriber/network authentication, user identity protection, strong encryption of user traffic, and strong encryption and integrity protection of signaling.  Protection is applied over the air interface as well as to the internal backhaul/RAN-CN interfaces. Particular care has been taken to mitigate threats related to radio base station security, e.g. protecting the network against hostile “capture” of base stations.


Lawful intercept is provided via CN nodes








			8.2.4.1.19


			Frequency planning





			8.2.4.1.19.1


			How does the RIT support adding new cells or new RF carriers? Provide details.


504 physical beam identities are supported. Thus, theoretically 504-beam reuse is realized.


Actual beam deployment is operation specific.








			8.2.4.1.20


			Interference mitigation within radio interface





			8.2.4.1.20.1


			Does the proposal support Interference mitigation? If so, describe the corresponding mechanism.


Static inter-cell interference mitigation is supported by means of e.g. frequency reuse, soft frequency reuse, and reuse partitioning. 


 Inter-cell interference mitigation is supported by means of exchanging interference measurements and scheduling decisions between base stations, see also 8.2.4.1.20.2 below.


Coordinated multipoint transmission/reception (CoMP) is another approach supported by the RIT to mitigate interference between cells and improve system performance.



Coordinated multipoint transmission implies dynamic coordination in the scheduling/transmission and/or joint transmission between/from multiple cell sites. 



Coordinated multipoint reception implies dynamic coordination in the scheduling and/or joint reception between/at difference cell sites.



The coordinated cell sites could either correspond to cells of the same eNB (intra-eNB coordination) or different eNB (inter-eNB coordination).


UE-Satellite Link:


Static inter-beam interference mitigation is supported by means of e.g. frequency reuse, soft frequency reuse, and reuse partitioning. 


Inter-beam interference mitigation is supported by means of exchanging interference measurements and scheduling decisions between base stations, see also 8.2.4.1.20.2 below. Centralized inter-beam interference mitigation is also supported by means of collecting interference measurements.


In order to support flexible frequency reuse factor, coordination is needed between beams for uplink and downlink control channels and special symbols. Methods such as FDM, TDM and E-PDCCH coordination, which are used in LTE-Rel10 for e-ICIC，can be applied to ensure the common channel and reference symbol reception quality.








			8.2.4.1.20.2


			What is the signalling, if any, which can be used for inter-beam interference mitigation?


To aid inter-beam interference mitigation, the RIT defines three indicators exchanged between base stations: The High-interference Indicator (HI) which provides information to neighboring beams about the part of the cell bandwidth upon which the beams intends to schedule its cell-edge user, the Overload Indicator (OI) which provides information on the uplink interference level experienced in each part of the cell bandwidth and Relative Narrowband TX Power (RNTP) indicator, which provides information on the downlink transmission power.





			8.2.4.1.20.3


			Link level interference mitigation



Describe the feature or features used to mitigate inter-symbol interference.


See answer to 8.2.4.1.20.4





			8.2.4.1.20.4


			Describe the approach taken to cope with multipath propagation effects (e.g. via equalizer, rake receiver, cyclic prefix, etc.).  


On the downlink, the use of OFDM transmission, in combination with a cyclic prefix, provides inherent robustness to time-dispersion/frequency-selectivity on the radio channel.



On the uplink, time-dispersion/frequency-selectivity on the radio channel can be handled by receiver-side equalization. The detailed equalization approach is implementation dependent. Examples of equalization approaches include frequency-domain linear equalization and Turbo equalization. The use of cyclic prefix also for the uplink may simplify the equalizer implementation.








			8.2.4.1.20.5


			Diversity techniques



Describe the diversity techniques supported in the MS and at the BS, including micro diversity and macro diversity, characterizing the type of diversity used, for example:



–
Time diversity:
repetition, Rake-receiver, etc.



–
Space diversity:
multiple sectors, etc.



–
Frequency diversity: frequency hopping (FH), wideband transmission, etc.



–
Code diversity: multiple PN codes, multiple FH code, etc.



–
Multi-user diversity: proportional fairness (PF), etc.



–
Other schemes.



Characterize the diversity combining algorithm, for example, switched diversity, maximal ratio combining, equal gain combining. 



Provide information on the receiver/transmitter RF configurations, for example:



–
number of RF receivers;



–
number of RF transmitters.


The RIT provides the following means for diversity: 



· Space diversity by means of multiple transmit and receiver antennas 


· Number of TX antennas: At least up to 4 (DL), up to 4 (UL)


· Number of RX antennas: Implementation specific 


· Frequency diversity by means of wide overall transmission bandwidth. Possibility for uplink frequency hopping on a slot basis and downlink frequency-distributed transmission


· Time diversity by means of fast retransmissions


· Multi-user diversity by means of channel-aware scheduling


UE-Satellite Link:


The RIT provides the following means for diversity: 



· Space diversity by means of multiple transmit and receive antennas


· Number of TX antennas: At least up to2 (DL), up to2 (UL)


· Number of RX antennas: Implementation specific



· Frequency diversity by means of wide overall transmission bandwidth. Possibility for uplink frequency hopping on a slot basis and downlink frequency-distributed transmission


· Time diversity by means of retransmissions


· Multi-user diversity by means of channel-aware scheduling





			8.2.4.1.21


			Synchronization requirements





			8.2.4.1.21.1


			Describe RIT’s timing requirements, e.g.:



–
is synchronization between inter-beam signals or inter-satellite signals required? Provide precise information, the type of synchronization, i.e. synchronization of carrier frequency, bit clock, spreading code or frame, and their accuracy;



–
is space segment-to-network synchronization required?



State short-term frequency and timing accuracy of space segment transmit signal.


Tight BS-to-BS synchronization is not required. However, in some scenarios, system performance may gain from tight BS-to-BS synchronization. 


As an example, assuming coordinated transmission/reception based on joint processing (joint transmission in the downlink direction, joint reception in the uplink direction) between multiple eNBs, tight synchronization and time alignment between the eNBs involved in the joint processing would be required. For proper operation. the synchronization should be well within the cyclic prefix (Tcp (5(s for normal cyclic prefix, (Tcp (17(s for extended cyclic prefix)


BS-to-network synchronization is not required.


Frequency and timing accuracy of BS transmit signal is within ±0.05 ppm observed over a period of one subframe (1 ms).


UE-Satellite link:


For Satellite, Beam-to-Beam synchronization can be achieved easily. For proper operation. the synchronization should be well within the cyclic prefix (Tcp(5(s for normal cyclic prefix, (Tcp(17(s for extended cyclic prefix). 


Frequency and timing accuracy of space segment transmit signal is within ±0.05 ppm observed over a period of one subframe (1ms).











TABLE 17 (end)


			Item


			Item to be described





			8.2.4.1.21.2


			Describe the synchronization mechanisms used in the proposal, including synchronization between a user terminal and a site. 


The RIT may support different kind of methods and techniques to satisfy the synchronization requirements, as it is done in terrestrial LTE releases. A logical port at the gateway is defined to support the reception of timing and/or frequency and/or phase inputs according to the synchronization method chosen.


Additional information can see 8.2.4.1.13.3.





			8.2.4.1.22


			Link budget template



Proponents should provide the link budget results to this description template for the environments supported in the RIT.


Link budget template is completed for all the test environments





			8.2.4.1.23


			Other items 





			8.2.4.1.23.1


			Coverage extension schemes



Describe the capability to support/coverage extension schemes, such as relays or repeaters.


Relay functionality is supported.


The RIT supports the use of different types of repeater (amplify-and-forward) functionality. However, the details of such functionality is outside the scope of the specification as the use of repeaters is transparent to both the UE and the network.



The RIT support so-called type-1 relaying functionality. A type-1 relay creates new cells and is thus, from a UE point-of-view, indistinguishable from an eNB. The type-1 relay connects wirelessly to the radio-access network via a donor-eNB. The donor-eNB / RN link may operate in the same spectrum as the RN / UE link (inband relaying). For the RN / UE link all protocol layers (MAC/RLC/PDCP, as well as RRC) are terminated at the RN.


UE-Satellite Link:


The RIT support type-1 CGC functionality (same as relay). A type-1 CGC creates new cells and is thus, from UE point-of-view, indistinguishable from a satellite gateway. The type-1 CGC connects wirelessly to the radio-access network via a satellite gateway. The CGC-satellite link may operate in the same spectrum as the UE-CGC link (inband relaying). For the UE-CGC link all protocol layers (MAC/RLC/PDCP, as well as RRC) are terminated at the CGC.





			8.2.4.1.23.2


			Self-organization 



Describe any self-organizing aspects that are enabled by the RIT/SRIT.


No support.





			8.2.4.1.23.3


			Describe the frequency reuse schemes (including reuse factor and pattern) for the assessment of cell spectrum efficiency, cell edge user spectral efficiency and VoIP capacity.


Frequency reuse seven is used in the performance evaluations.





			8.2.4.1.23.4


			Is the RIT an evolution of an existing IMT-2000 technology? Provide details.


The submitted RIT fulfilling the IMT-Advanced satellite requirements.





			8.2.4.1.23.5


			Does the proposal satisfy a specific spectrum mask? Provide details. (This information is not intended to be used for sharing studies.)


YES



UE: 



For single-component-carrier transmission the spectrum mask is specified in terms of a normative (general) spectrum emission mask [36.101, section 6.6.2.1] and an additional spectrum mask [36.101, section 6.6.2.2]. This additional spectrum emission mask which is signaled by the network to the UE as a normative requirement can be used to address; a specific regional regulatory requirement, a frequency band specific requirement, a roaming requirement and a specific deployment  scenario. 



 This additional spectrum emission mask can be used to support the many different sharing requirements in terms of co-existence for a global roaming terminal



For transmission of aggregated component-carriers appropriate spectrum mask are expected to be set.



Satellite: 


The spectrum mask is deployment specific.





			8.2.4.1.23.6


			Describe any MS power saving mechanisms used in the RIT. 


DRX is supported during connected mode and idle mode [36.321],[36.304]





			8.2.4.1.23.7


			Simulation process issues



Describe the methodology used in the analytical approach.



Proponent should provide information on the width of confidence intervals of user and satellite system performance metrics of corresponding mean values, and evaluation groups are encouraged to provide this information.


In open area scenario, simulations are iterated M (e.g. M=20) independent ‘drops’, and statistics are collected over N x 190 user positions, e.g. 1000 for M=50.


In the self-evaluation, the confidence intervals shown above are used.





			8.2.4.1.24


			Other information



Please provide any additional information that the proponent believes may be useful to the evaluation process.








Additional Material -



The reference specifications may be located at:


“http://www.ccsa.org.cn/english/files.php?docpath=/ITU-R/M.2012/M.2012-0/LTE/Rel-10 “.



[36.101]
CCSA-TSD-LTE-36101-a11 “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception”



[36.104]
CCSA-TSD-LTE-36104-a10 “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception”



[36.211]
CCSA-TSD-LTE-36211-a00 “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”



[36.212] CCSA-TSD-LTE-36212-a00 “Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding”



[36.213]
CCSA-TSD-LTE-36213-a01 “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”



[36.300]
CCSA-TSD-LTE-36300-a20 “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2”



[36.304]
CCSA-TSD-LTE-36304-a00 “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode”



[36.314]
CCSA-TSD-LTE-36314-a00 “Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Layer 2 - Measurements”



[36.321]
CCSA-TSD-LTE-36321-a00 “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification”



[36.322]
CCSA-TSD-LTE-36322-a00 “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control (RLC) protocol specification”



[36.331]
CCSA-TSD-LTE-36331-a00 “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification”



[36.413]
CCSA-TSD-LTE-36413-a01 “Evolved Universal Terrestrial Radio Access (E-UTRA) ; S1 Application Protocol (S1AP)”



[36.423] CCSA-TSD-LTE-36423-a00 “Evolved Universal Terrestrial Radio Access Network (E-UTRAN); X2 Application Protocol (X2AP)”
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1. Handheld Class-3 UE case


			Item


			Downlink


			Uplink





			System Configuration





			Bandwidth (KHz)


- Downlink: Beam Bandwidth


- Uplink: UE Bandwidth


			3000


			180





			Carrier frequency (GHz)


			2.1


			2





			Satellite antenna heights (km)


			36,000


			36,000





			UT antenna heights (m)


			1.5


			1.5





			Transmitter





			(1)Transmitter antenna gain 


			47.5 dBi


			0dBi





			(2) Maximum EIRP


 - Downlink: Beam Maximum EIRP


			59dBW


			-6dBW





			Receiver





			(3) Number of receive antennas 


			1


			1





			(4) System noise temperature (K)


			290


			450





			(5) Receiver antenna gain


			0dBi


			47.5 dBi





			(6) G/T (dB/K)


			-24.6


			21





			Path loss





			(7) Path loss model


			LoS


			LoS





			(8) Path loss for LoS (dB)


			190


			190





			(9) Fading margin


			2.5


			2.5





			Data Channel SNR





			(10) Downlink：Data channel SNR = (2) + (6) – (8) – (9) – 10*log10(3*10^6) – Bolzmann’s constant



(10) Uplink：Data channel SNR =(2) + (6) – (8) – (9) –  10*log10(180*10^3)– Bolzmann’s constant


			5.99


			-1.19





			Data Rate





			Target packet error rate for the required SNR for data channel


			1%


			1%





			Supported Maximum Transmission bit rate for data channel (bits/s)


			3.762Mbps


			77.04Kbps





			Spectral efficiency


			1.254b/s/Hz


			0.428b/s/Hz








2. Handheld Class-2 UE case


			Item


			Downlink


			Uplink





			System Configuration





			Bandwidth (KHz)


- Downlink: Beam Bandwidth


- Uplink: UE Bandwidth


			3000


			360





			Carrier frequency (GHz)


			2.1


			2





			Satellite antenna heights (km)


			36,000


			36,000





			UT antenna heights (m)


			1.5


			1.5





			Transmitter





			(1)Transmitter antenna gain 


			47.5 dBi


			0dBi





			(2) Maximum EIRP


 - Downlink: Beam Maximum EIRP


			59dBW


			-3dBW





			Receiver





			(3) Number of receive antennas 


			1


			1





			(4) System noise temperature (K)


			290


			450





			(5) Receiver antenna gain


			0dBi


			47.5 dBi





			(6) G/T (dB/K)


			-24.6


			21





			Path loss





			(7) Path loss model


			LoS


			LoS





			(8) Path loss for LoS (dB)


			190


			190





			(9) Fading margin


			2.5


			2.5





			Data Channel SNR





			(10) Downlink：Data channel SNR = (2) + (6) – (8) – (9) – 10*log10(3*10^6)  – Bolzmann’s constant


(10) Uplink：Data channel SNR = (2) + (6) – (8) – (9) – 10*log10(360*10^3)  – Bolzmann’s constant


			5.99


			-1.20





			System configuration





			Target packet error rate for the required SNR for data channel


			1%


			1%





			Supported Maximum Transmission bit rate for data channel (bits/s)


			3.762Mbps


			154.08Kbps





			Spectral efficiency


			1.254b/s/Hz


			0.428b/s/Hz








3. Handheld Class-1 UE case


			Item


			Downlink


			Uplink





			System Configuration


			


			





			Bandwidth (KHz)


- Downlink: Beam Bandwidth


- Uplink: UE Bandwidth


			3000


			720





			Carrier frequency (GHz)


			2.1


			2





			Satellite antenna heights (km)


			36,000


			36,000





			UT antenna heights (m)


			1.5


			1.5





			Transmitter





			(1)Transmitter antenna gain 


			47.5 dBi


			0dBi





			(2) Maximum EIRP


 - Downlink: Beam Maximum EIRP


			59dBW


			3dBW





			Receiver





			(3) Number of receive antennas 


			1


			1





			(4) System noise temperature (K)


			290


			450





			(5) Receiver antenna gain


			0dBi


			47.5 dBi





			(6) G/T (dB/K)


			-24.6


			21





			Path loss





			(7) Path loss model


			LoS


			LoS





			(8) Path loss for LoS (dB)


			190


			190





			(9) Fading margin


			2.5


			2.5





			Data Channel SNR





			(10) Downlink：Data channel SNR =(2) + (6) – (8) – (9) – 10*log10(3*10^6) – Bolzmann’s constant


(10) Uplink：Data channel SNR =(2) + (6) – (8) – (9) – 10*log10(720*10^3)   – Bolzmann’s constant


			5.99


			1.79





			System configuration





			Target packet error rate for the required SNR for data channel


			1%


			1%





			Supported Maximum Transmission bit rate for data channel (bits/s)


			3.762Mbps


			524.16Kbps





			Spectral efficiency


			1.254b/s/Hz


			0.728b/s/Hz








4. Portable UE case


			Item


			Downlink


			Uplink





			System Configuration





			Bandwidth (KHz)


- Downlink: Beam Bandwidth


- Uplink: UE Bandwidth


			3000


			1000





			Carrier frequency (GHz)


			2.1


			2





			Satellite antenna heights (km)


			36,000


			36,000





			UT antenna heights (m)


			1.5


			1.5





			Transmitter





			(1)Transmitter antenna gain 


			47.5 dBi


			0dBi





			(2) Maximum EIRP


 - Downlink: Beam Maximum EIRP


			59dBW


			5dBW





			Receiver





			(3) Number of receive antennas 


			1


			1





			(4) System noise temperature (K)


			200


			450





			(5) Receiver antenna gain


			2dBi


			47.5 dBi





			(6) G/T (dB/K)


			-21


			21





			Path loss





			(7) Path loss model


			LoS


			LoS





			(8) Path loss for LoS (dB)


			190


			190





			(9) Fading margin


			2.5


			2.5





			Data Channel SNR





			(10) Downlink：Data channel SNR = (2) + (6) – (8) – (9) – 10*log10(3*10^6)  – Bolzmann’s constant


(10) Uplink：Data channel SNR =(2) + (6) – (8) – (9) – 10*log10(1*10^6)   – Bolzmann’s constant


			9.59


			2.36





			System configuration





			Target packet error rate for the required SNR for data channel


			1%


			1%





			Supported Maximum Transmission bit rate for data channel (bits/s)


			5.718Mbps


			728Kbps





			Spectral efficiency


			1.906b/s/Hz


			0.728b/s/Hz








5. Vehicular UE case


			Item


			Downlink


			Uplink





			System Configuration





			Bandwidth (KHz)


- Downlink: Beam Bandwidth


- Uplink: UE Bandwidth


			3000


			3000





			Carrier frequency (GHz)


			2.1


			2





			Satellite antenna heights (km)


			36,000


			36,000





			UT antenna heights (m)


			1.5


			1.5





			Transmitter





			(1)Transmitter antenna gain 


			47.5 dBi


			0dBi





			(2) Maximum EIRP


 - Downlink: Beam Maximum EIRP


			59dBW


			13dBW





			Receiver





			(3) Number of receive antennas 


			1


			1





			(4) System noise temperature (K)


			250


			450





			(5) Receiver antenna gain


			4dBi


			47.5 dBi





			(6) G/T (dB/K)


			-20


			21





			Path loss





			(7) Path loss model


			LoS


			LoS





			(8) Path loss for LoS (dB)


			190


			190





			(9) Fading margin


			2.5


			2.5





			Data Channel SNR





			(10) Downlink：Data channel SNR = (2) + (6) – (8) – (9) – 10*log10(3*10^6)– Bolzmann’s constant


 (10) Uplink：Data channel SNR =(2) + (6) – (8) – (9) – 10*log10(3*10^6)   – Bolzmann’s constant


			10.59


			5.59





			System configuration





			Target packet error rate for the required SNR for data channel


			1%


			1%





			Supported Maximum Transmission bit rate for data channel (bits/s)


			5.718Mbps


			3.171Mbps





			Spectral efficiency


			1.906b/s/Hz


			1.057b/s/Hz








6. Transportable UE case


			Item


			Downlink


			Uplink





			System Configuration





			Bandwidth (KHz)


- Downlink: Beam Bandwidth


- Uplink: UE Bandwidth


			3000


			3000





			Carrier frequency (GHz)


			2.1


			2





			Satellite antenna heights (km)


			36,000


			36,000





			UT antenna heights (m)


			1.5


			1.5





			Transmitter





			(1)Transmitter antenna gain 


			47.5 dBi


			0dBi





			(2) Maximum EIRP


 - Downlink: Beam Maximum EIRP


			59dBW


			17dBW





			Receiver





			(3) Number of receive antennas 


			1


			1





			(4) System noise temperature (K)


			200


			450





			(5) Receiver antenna gain


			14dBi


			47.5 dBi





			(6) G/T (dB/K)


			-9


			21





			Path loss





			(7)Path loss model


			LoS


			LoS





			(8) Path loss for LoS (dB)


			190


			190





			(9) Fading margin


			2.5


			2.5





			Data Channel SNR





			(10) Downlink：Data channel SNR =(2) + (6) – (8) – (9) – 10*log10(3*10^6)  – Bolzmann’s constant


Downlink Beam Bandwidth: 3MHz


(10) Uplink：Data channel SNR =(2) + (6) – (8) – (9) – 10*log10(3*10^6)   – Bolzmann’s constant


Uplink Bandwidth: 3MHz


			21.59


			9.59





			System configuration





			Target packet error rate for the required SNR for data channel


			1%


			1%





			Supported Maximum Transmission bit rate for data channel (bits/s)


			8.190Mbps


			5.505Mbps





			Spectral efficiency


			2.730b/s/Hz


			1.835b/s/Hz








�	Bolzmann’s constant : –228.86 dB/Hz
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Compliance Templates on “BMSat”


8.2.5.1
Compliance template – service template



			Service related minimum capabilities within
the satellite radio interface(s)


			Evaluator’s comments





			Support of a wide range of services



Does the proposal support a wide range of services?



Yes


			








8.2.5.2
Compliance template – spectrum template



			Spectrum capability requirements


			Evaluator’s comments





			Spectrum bands



Is the proposal able to utilize at least one band identified for IMT?



Yes


Specify in which band(s) the candidate satellite radio interface(s) can be deployed


1980-2010MHz/2170-2200MHz


			








8.2.5.3
Compliance template – technical performance template



			Minimum technical requirements items


			Category


			Required value


			Value


			Requirement met?


			Comments





			


			Test environment


			Downlink or uplink


			


			


			


			





			Beam spectral efficiency (bit/s/Hz/beam)


			Urban


			Downlink


			N/A


			


			N/A


			





			


			


			Uplink


			N/A


			


			N/A


			





			


			Suburban


			Downlink


			N/A


			


			N/A


			





			


			


			Uplink


			N/A


			


			N/A


			





			


			Open


			Downlink


			1.1


			1.01/ 1.01/ 1.01/ 1.34/ 1.41/ 1.6


			Yes


			





			


			


			Uplink


			0.7


			0.111/0.273/0.896/0.988//1.51/1.60


			Yes


			





			


			Intermediate tree-shadowed


			Downlink


			N/A


			


			N/A


			





			


			


			Uplink


			N/A


			


			N/A


			





			


			Heavy 
tree-shadowed


			Downlink


			N/A


			


			N/A


			





			


			


			Uplink


			N/A


			


			N/A


			





			Peak spectral efficiency (bit/s/Hz)


			–


			Downlink


			2.5


			2.73


			Yes


			





			


			


			Uplink


			1.25


			2.63


			Yes


			





			Bandwidth


			–


			Up to and including (MHz)


			30


			100


			Yes


			





			


			


			Scalability


			N/A


			1.4/3/5/10/ 15/20


			Yes


			





			Beam edge user spectral efficiency (bit/s/Hz)


			Urban


			Downlink


			N/A


			


			N/A


			





			


			


			Uplink


			N/A


			


			N/A


			





			


			Suburban


			Downlink


			N/A


			


			N/A


			





			


			


			Uplink


			N/A


			


			N/A


			





			


			Open


			Downlink


			0.04


			0.067/0.067/0.067/0.082/0.080/0.255


			Yes


			





			


			


			Uplink


			0.015


			0.002/0.008/0.059/0.060/0.089/0.255


			Yes


			





			


			Intermediate tree-shadowed


			Downlink


			N/A


			


			N/A


			





			


			


			Uplink


			N/A


			


			N/A


			





			


			Heavy 
tree-shadowed


			Downlink


			N/A


			


			N/A


			





			


			


			Uplink


			N/A


			


			N/A


			





			Control plane latency (ms)


			N/A


			N/A


			N/A


			54+6x(1)(2)


			N/A


			





			User plane latency (ms)


			N/A


			N/A


			N/A


			4+x


			N/A


			





			Mobility


			Urban


			N/A


			N/A


			


			N/A


			





			


			Suburban


			N/A


			N/A


			


			N/A


			





			


			Open


			N/A


			Stationary,
pedestrian,
vehicular
high speed vehicular,
aeronautical


			Stationary,


pedestrian,


vehicular


high speed vehicular,


aeronautical


			Yes


			





			


			Intermediate tree-shadowed


			N/A


			N/A


			


			N/A


			





			


			Heavy 
tree-shadowed


			N/A


			N/A


			


			N/A


			





			Intra-frequency handover interruption time (ms)


			N/A


			N/A


			N/A


			14+2x


			N/A


			





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


			N/A


			N/A


			N/A


			14+2x


			N/A


			





			Inter-frequency handover interruption time between spectrum band (ms)


			N/A


			N/A


			N/A


			14+2x


			N/A


			





			Intersystem handover


			N/A


			N/A


			N/A


			


			N/A


			





			Number of supported VoIP users (active users/ beam/MHz)


			Urban


			As defined in subclause 7.2.8


			N/A


			


			N/A


			





			


			Suburban


			N/A


			N/A


			


			N/A


			





			


			Open


			N/A


			30


			11/23/43/50/53/54


			Yes


			





			


			Intermediate tree-shadowed


			N/A


			N/A


			


			N/A


			





			


			Heavy 
tree-shadowed


			N/A


			N/A


			


			N/A


			





			N/A: Not Applicable.








(1)  ‘x’ is the transmission delay between UE and satellite gateway. 



(2) ‘54+6x’ is the ‘Idle to Connected’ latency.




image5.emf

Self-Evaluation 


Report.doc




Self-Evaluation Report.doc

Self-Evaluation Report on “BMSat”


The evaluation results provided here are in support of the submission of the "BMSat" to the ITU-R as a candidate technology for the IMT-Advanced satellite component. This information supports the completion of the compliance templates described in section 8.2.5 of Report ITU-R M.2176.


1
Peak spectral efficiency


Table 1-1 shows the forward link peak spectral efficiency for BMSat. The spectral efficiency is derived based on the following assumptions: 3 MHz bandwidth, one symbol L1/L2 control, beam-specific reference signals corresponding to one beam-specific antenna port, PBCH/SS occupying a total of 528 resource elements per radio frame. 


The table shows that BMSat fulfills the ITU requirements in terms of forward link peak spectral efficiency. Thus it can be concluded that any of the evaluated BMSat configurations fulfill the ITU requirements on forward link peak spectral efficiency.


Table 1-1: Forward link peak spectrum efficiency


			Scheme


			Spectral efficiency [b/s/Hz]





			ITU Requirement


			2.5





			Single Input Single Output


			2.73








Table 1-2 shows the return link peak spectral efficiency for BMSat.The spectral efficiency is derived based on the following assumptions: 3 MHz bandwidth, PUCCH of 2 resource block pairs per subframe and PRACH of 6 resource block pairs per radio frame. 


The table shows that BMSat fulfills the ITU requirements in terms of return link peak spectral efficiency. Thus it can be concluded that any of the evaluated BMSat configurations fulfill the ITU requirements on return link peak spectral efficiency.


Table 1-2: Return link peak spectral efficiency


			Scheme


			Spectral efficiency [b/s/Hz]





			ITU Requirement


			1.2





			Single Input Single Output


			2.63








2
C-plane latency


2.1
 Idle to Connected



The different steps involved in the transition from Idle to Connected mode in BMSat are depicted on Figure 2.1-1 below:
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Figure 2.1-1: From Idle to Connected mode



The transition time from Idle to Connected mode is (54+6x) ms as summarized in Table 2.1-1 below. Note that since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total delay (assuming that the total delay of steps 11-14 is shorter than or equal to the total delay of steps 7-10…).



Table 2.1-1: Transition time from Idle to Connected mode



			Component


			Description


			Time (ms)





			1


			Average delay due to RACH scheduling period (5ms RACH cycle)


			2.5





			2


			RACH Preamble


			3+x





			3-4


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


			3+x





			5


			UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)


			5





			6


			Transmission of RRC and NAS Request


			1+x





			7


			Processing delay in the satellite gateway (L2 and RRC)


			4





			8


			Transmission of RRC Connection Set-up (and UL grant)


			1+x





			9


			Processing delay in the UE (L2 and RRC)


			12





			10


			Transmission of RRC Connection Set-up complete


			1+x





			11


			Processing delay in the satellite gateway (Uu → S1-C)


			





			12


			S1-C Transfer delay


			





			13


			MME Processing Delay (including UE context retrieval of 10ms)


			





			14


			S1-C Transfer delay


			





			15


			Processing delay in the satellite gateway (S1-C → Uu)


			4





			16


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


			1.5+x





			17


			Processing delay in UE (L2 and RRC)


			16





			


			Total delay


			54+6x





			Note：The “x” is the transmission delay between UE and satellite gateway.








The distance between ground station (UE/gateway) and geosynchronous satellite 
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 can be calculated as: 
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where 


[image: image4.wmf]E



R



is the radius of the earth, 
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h



 is the geostationary orbit altitude, 
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 is the latitude of the ground station, and 
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 is the difference of longitude between the ground station and satellite. 


With the assumption that both UE and gateway locate at 40 degrees north latitude and the difference of longitude between the ground station and satellite is zero, the distance between UE/gateway and the satellite is 37574km, and the transmission delay between UE/gateway and the satellite is about 125ms. Therefore, the transmission delay between UE and gateway is 251ms, with the additional assumption of 1 ms processing delay at satellite. In this case, the transition time from Idle to Connected mode is 1560 ms.


2.2
Dormant to Active



In the dormant state, the UE has an established RRC connection and radio bearers; it is thus known at beam level but may be in DRX to save power during temporary inactivity. The UE may be either synchronized or unsynchronized. For the purpose of the analysis presented in this section, error free transmission of data and signalling is assumed, and the DRX cycle is not considered.


2.2.1
Return link initiated transition, synchronized



As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is already synchronised are depicted on Figure 2.2-1 below:
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Figure 2.2-1: Dormant to Active transition for synchronised UE (return link initiated transition)


The transition time from a Dormant to an Active state when the UE is already synchronised is (9.5+3x) ms as summarized in Table 2.2-1 below. 


Table 2.2-1: Return link initiated dormant to active transition for synchronized UE



			Component


			Description


			Time [ms]





			1


			Average delay to next SR opportunity (1ms PUCCH cycle)


			0.5





			2


			UE sends Scheduling Request


			1+x





			3


			The satellite gateway decodes Scheduling Request and generates the Scheduling Grant


			3





			4


			Transmission of Scheduling Grant


			1+x





			5


			UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)


			3





			6


			Transmission of UL data


			1+x





			


			Total delay


			9.5+3x





			Note：The “x” is the transmission delay between UE and satellite gateway.








With the assumption that both UE and gateway locate at 40 degrees north latitude and the difference of longitude between the ground station and satellite is zero, the transmission delay between UE and gateway is 251ms, with the additional assumption of 1 ms processing delay at satellite. In this case, the return link initiated dormant to active transition time for synchronized UE is 762.5 ms.


2.2.2
Return link initiated transition, unsynchronized



As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is unsynchronised are depicted on Figure 2.2-2 below:
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Figure 2.2-2: Dormant to Active transition for unsynchronised UE (return link initiated transition)


Table 2.2-2 provides a timing analysis of the return link state transition for a UE without return link synchronization. The analysis illustrates that the return link transition from dormant to active for an unsynchronized UE is (14.5+3x) ms, with 5ms PRACH cycle and a 3ms msg2 window.


Table 2.2-2: Return link initiated dormant to active transition for unsynchronized UE (error free)



			Component


			Description


			Time


 [ms]





			1


			Average delay due to RACH scheduling period (5ms RACH cycle)


			2.5





			2


			RACH Preamble


			3+x





			3-4


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


			3+x





			5


			UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data)


			5





			6


			Transmission of UL data


			1+x





			


			Total delay


			14.5+3x





			Note：The “x” is the transmission delay between UE and satellite gateway.








With the assumption that both UE and gateway locate at 40 degrees north latitude and the difference of longitude between the ground station and satellite is zero, the transmission delay between UE and gateway is 251ms, with the additional assumption of 1 ms processing delay at satellite. In this case, the return link initiated dormant to active transition time for unsynchronized UE is 767.5 ms.


Note: 
Transmission of UL data (component 6) uses conservative modulation and coding rates; when the UE became unsynchronized, the sounding configuration is released. In order to resume link-adapted (efficient) UL-SCH transmissions, the satellite gateway should reconfigure at least return link sounding.


2.2.3
Forward link initiated transition, synchronized


A UE with return link synchronization monitors PDCCH during the on-duration time of the DRX cycle, and there is thus no additional delay component apart from the DRX cycle when compared to the case of the return link initiated for a synchronized UE.


2.2.4
Forward link initiated transition, unsynchronized


As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is unsynchronised are depicted on Figure 2.2-3 below:
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Figure 2.2-3: Dormant to Active transition for unsynchronised UE (forward link initiated transition)


Table 2.2-3 provides a timing analysis of the forward link state transition for a UE without return link synchronization. For the forward link initiated transition, a dedicated preamble is assumed and no contention resolution is needed. The analysis illustrates that the forward link transition from dormant to active for an unsynchronized UE is (17.5+3x) ms, with 5ms PRACH cycle.


Table 2.2-3: Forward link initiated dormant to active transition (error free)



			Component


			Description


			Minimum [ms]





			1


			UE receives dedicated preamble on PDCCH and prepares UL Tx and cannot select a PRACH occasion before n+6


			6





			2


			Average delay due to RACH scheduling period


			2.5





			3


			RACH Preamble


			3+x





			4-5


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


			3+x





			6


			The satellite gateway needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment


			2





			7


			Transmission of DL data


			1+x





			


			Total delay


			17.5+3x





			Note：The “x” is the transmission delay between UE and satellite gateway. 








With the assumption that both UE and gateway locate at 40 degrees north latitude and the difference of longitude between the ground station and satellite is zero, the transmission delay between UE and gateway is 251ms, with the additional assumption of 1 ms processing delay at satellite. In this case, the forward link initiated dormant to active transition time for unsynchronized UE is 770.5 ms.


Note: 
Transmission of DL data (component 6) uses conservative modulation and coding rates; when the UE became unsynchronized, the CQI reporting configuration is released. In order to resume link-adapted (efficient) DL-SCH transmissions, the satellite gateway should reconfigure at least CQI reporting.


3
U-Plane latency


The LTE U-plane one way latency for a scheduled UE can be calculated as:


DUP [ms] = DUE+DUE-S+ DS + DG-S+ DG+ DTTI


where DUE and DG are the processing delays of UE and gateway (which includes radio frame alignment), respectively; DUE-S is the transmission delay of UE-Satellite link; DG-S is the transmission delay of Gateway-Satellite link; DS is the processing delay of satellite; DTTI is 1ms TTI duration.


With the assumption that both UE and gateway locate at 40 degrees north latitude and the difference of longitude between the ground station and satellite is zero, the distance between UE/gateway and the satellite is 37574km, and thus the transmission delay between UE/gateway and the satellite is about 125ms. 


The approximate average U-plane latency is given by


DUP,typical [ms] = 1.5+125+1+125+1.5+1=255ms
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Figure 3-1: User plane latency components (Example).


4
Spectral efficiency and user throughput


Beam spectral efficiency and beam-edge spectral efficiency are evaluated through extensive simulations. The simulation assumptions applied in the following evaluations are shown in Annex A. 


For downlink, beam spectral efficiency and beam-edge spectral efficiency are evaluated by assuming overhead corresponding to downlink control channels that spans L=3 OFDM symbols. Relaxing the overhead assumption to L = 1 and 2 further enhances the throughput performance. 


4.1
Beam spectral efficiency and beam-edge spectral efficiency


Tables 4.1.1-1 shows the forward link spectral-efficiency results in the open area environment. It can be concluded that the evaluated high class UE configurations (Portable/Vehicular/Transportable) fulfil the ITU requirements on forward link beam-average and beam-edge spectral efficiency for the open area environment.


Table 4.1.1-1: Forward link spectral efficiency


			UE Type


			ITU


Requirement


(Ave./Edge)


			Beam average [b/s/Hz/beam]


			Beam edge [b/s/Hz]





			Handheld Class 3


			(1.1/0.04)


			1.01


			0.067





			Handheld Class 2


			


			1.01


			0.067





			Handheld Class 1


			


			1.01


			0.067





			Portable


			


			1.34


			0.082





			Vehicular


			


			1.41


			0.080





			Transportable


			


			1.6


			0.255








Tables 4.1.1-2 shows the return link spectral-efficiency results in the open area environment. It can be concluded that the evaluated high class UE configurations (Handheld Class1/Portable/Vehicular/Transportable) fulfil the ITU requirements on return link beam-average and beam-edge spectral efficiency for the open area environment.


Table 4.1.1-2: Return link spectral efficiency


			UE Type


			ITU


Requirement


(Ave./Edge)


			Beam average [b/s/Hz/beam]


			Beam edge [b/s/Hz]





			Handheld Class 3


			(0.7/0.015)


			0.111


			0.002





			Handheld Class 2


			


			0.273


			0.008





			Handheld Class 1


			


			0.896


			0.059





			Portable


			


			0.988


			0.060





			Vehicular


			


			1.51


			0.089





			Transportable


			


			1.60


			0.255








4.2
Number of supported VoIP users



Tables 4.2-1 shows the VoIP capacity results in the open area environment. It can be concluded that the evaluated high class UE configurations (Handheld Class1/Portable/Vehicular/Transportable) fulfil the ITU requirements on VoIP capacity for the open area environment.


Table 4.2-1: VoIP capacity


			UE Type


			ITU requirement


[User/MHz/beam]


			Capacity[User/MHz/beam]





			Handheld Class 3


			30


			11





			Handheld Class 2


			


			23





			Handheld Class 1


			


			43





			Portable


			


			50





			Vehicular


			


			53





			Transportable


			


			54








5
Handover Performance


The generic handover procedure of BMSat builds upon the one developed for LTE and is shown in Figure 5-1 below:
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Figure 5-1: U-Plane interruption in BMSat


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



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


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



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



In total, the interruption time is (14+2x) ms as summarized in Table 5-1 below. Note that this delay does not depend on the frequency of the target as long as the beam has already been measured by the UE, which is a typical scenario.



Table 5-1: U-Plane interruption in BMSat


			Component


			Description


			Time [ms]





			1


			Radio Synchronisation to the target beam


			1





			2


			Average delay due to RACH scheduling period (5ms periodicity)


			2.5





			3


			RACH Preamble


			3+x(Note1)





			4-5


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


			7.5+x





			


			Total delay


			14+2x





			Note: x is the propagation delay between UE and satellite gateway (target beam).








With the assumption that both UE and gateway locate at 40 degrees north latitude and the difference of longitude between the ground station and satellite is zero, the transmission delay between UE and gateway is 251ms, with the additional assumption of 1 ms processing delay at satellite. In this case, the U-Plane interruption time for handover is 516 ms.


Note: The handover procedure could be further optimized to reduce the U-Plane interruption time. 


5.1
Intra-frequency handover interruption time


As explained in subclause 5 above, the interruption is (14+2x) ms regardless of the frequency of the target cell. 


5.2
Inter-frequency handover interruption time within a spectrum band


As explained in subclause 5 above, the interruption is (14+2x)ms regardless of the frequency of the target beam.


5.3
Inter-frequency handover interruption time between spectrum bands


As explained in subclause 5 above, the interruption is (14+2x)ms regardless of the frequency of the target beam. 


6
Spectrum and bandwidth


6.1
Deployment bands


The BMSat RIT supports the current IMT satellite bands as follows: 


Return link operating band: 1980-2010 MHz



Forward link operating band: 2170-2200 MHz



The potential bands for IMT satellite can also be supported by the BMSat RIT.


6.2
Bandwidth and channel bandwidth scalability



In the BMSat RIT, one component carrier supports a scalable bandwidth, 1.4, 3, 5, 10, 15 and 20 MHz. By aggregating multiple component carriers, wider transmission bandwidths up to 100MHz are supported.


The BMSat RIT fulfils the requirement to support a scalable bandwidth up to and including 30 MHz. 


7
Services


The Quality of Service (QoS) framework of BMSat builds upon the one developed for LTE and therefore allows the support of a wide range of services. In BMSat, a bearer is the level of granularity for QoS control. Each bearer can be associated with several QoS parameters, e.g.:



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



Table 7-1: QCI Example (BMSat)



			QCI


			Type


			Packet Delay Budget


			Packet Error Loss



Rate


			Example Services





			1


			GBR


			80+x ms


			10-2


			Conversational Voice





			2


			


			130+x ms


			10-3


			Conversational Video (Live Streaming)





			3


			


			280+2x ms


			10-6


			Non-Conversational Video (Buffered Streaming)





			4


			Non-GBR


			80+2x ms


			10-6


			IMS Signalling





			5


			


			280+2x ms


			10-6


			Video (Buffered Streaming)


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





			6


			


			80+2x ms


			10-3


			Voice,


Video (Live Streaming)


Interactive Gaming





			7


			


			280+2x ms


			10-6


			Video (Buffered Streaming)


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





			Note：The X equal to the propagation delay between UE and satellite gateway. 


“+x”, Service will be transmitted with RLC UM model;


“+2x”, Service will be transmitted with RLC AM model;








-
Guaranteed Bit Rate (GBR): the bit rate that can be expected to be provided by a GBR bearer, 



The configuration of those QoS parameters, allows BMSat to support a wide range of services. In particular, BMSat can support basic conversational service class, rich conversational service class and conversational low delay service class. In addition, BMSat is also able to support the service classes of interactive high delay, interactive low delay, streaming live, streaming non-live and background, which are also given in § 7.1 of Report ITU-R M.2176.Thus it can be concluded that any of the evaluated BMSat configurations fulfill the ITU requirements on the support of a wide range of services.


16.8
Conclusions of the Self-Evaluation


Under the IMT-Advanced satellite component process, as provided in IMT-ADV-SAT/2(Rev.2), Step 6 is a decision step taking into account consideration of the evaluation results and is an assessment of the proposal as to whether it meets a version of the minimum technical requirements and evaluation criteria of the IMT‑Advanced satellite component currently in force. The self-evaluation concludes that the BMSat RIT completely satisfy the criteria of Step 6 and should move forward to Step 7 of the process.


Under the IMT-Advanced satellite component process, as provided in IMT-ADV-SAT/2(Rev.2), Step 7 is a decision step taking into account consideration of the evaluation results. In Step 7 an RIT or SRIT will be accepted for inclusion in the standardization phase described in Step 8 of the process if it is determined that the RIT or SRIT meets the requirements for at least mandatory open area test environment. The self-evaluation concludes that the BMSat RIT completely satisfy the criteria of Step 7 and should move forward to Step 8 of the process. 


Consequently, the BMSat technology should be included in the ITU-R IMT-Advanced satellite component radio interface Recommendation(s). 


Annex A:
Simulation model


A.1
General Assumption


This section describes the reference system deployments used for the different system evaluations. The table below describes the simulation assumptions.


Table A.1-1: Simulation assumption


			Parameter


			Values used for evaluation





			Test environment


			Open Area





			Frequency reuse plan


			Reuse factor:7





			Duplex method and bandwidths


			FDD: 3(Up)+3(Down)MHz





			Satellite constellation configuration


			GEO





			The number of satellites


			1





			Service link frequency


			1980~2010MHz/2170~2200MHz





			e.i.r.p. per beam


			59 dBW





			Satellite antenna gain


			47.5 dBi





			Spot beam pattern configuration


			Recommendation ITU-R S.672-4 space station antenna pattern in FSS for Ls = -20 dB.


G = Gmax – 12 (ϕ/ϕ0)2       for 0 ≤ (ϕ/ ϕ0) ≤  a/2



G = Gmax + Ls                      for a/2< (ϕ/ ϕ0) ≤  b/2 



G = Gmax + Ls + 20 – 25 log (2ϕ/ ϕ0)    for b/2 < (ϕ/ ϕ0)



where: 



Ls = –20 dB 



a = 2.58


b = 6.32



ϕ0=0.4°





			User terminal transmit power


			Different UE type has different transmit power.


-6 dBW, -3 dBW, 3 dBW, 9dBW





			Number of beams


			7（Wrap around:49）





			Network synchronization


			Synchronized





			Forward link transmission scheme


			SISO





			Forward link scheduler


			Proportional fair in time and frequency





			Forward link power control


			Open-loop power control based on CQI report.





			Forward linklink adaptation


			The CQI report changes slowly, as the beam has large coverage, so that forward link uses slow AMC, frequency selective CQI report with 1024ms.





			Forward link HARQ scheme


			Forward link HARQ is not used in the simulation





			Forward link receiver type


			MMSE





			Return link transmission scheme


			SISO








			Return link scheduler


			Proportional fair in time and frequency





			Return link power control


			Slowly close-loop power control





			Return link link adaptation


			Based on SRS measurements.





			Return link HARQ scheme


			Return link HARQ is not used in the simulation





			Return link receiver type


			MMSE





			Antenna configuration  UE


			Different UE type has different antanna gain, see ITU-R M.2176.





			Channel estimation


(Return link and forward link)


			Non-ideal


(consider both estimation errors both for demodulation reference signals and sounding reference signals)





			Control channel and reference signal overhead, Acknowledgements etc.


			Forward link


· Overhead for CRS



· Overhead for DL CCH of 3 OFDM symbols



· Overhead for SS/PBCH



Return link


· SRS overhead according to UL (and DL) scheduler and transmission scheme



· Overhead for UL CCH according to CQI/PMI reporting mode and periodicity used for DL simulation for the same scenario


· RACH overhead





			Feedback and control channel errors


			None








Table A.1-2: Additional parameters for system simulation 


			Deployment scenario for the evaluation process


			Urban area


			Suburban area


			Open area


			Intermediate tree-shadowed area


			Heavy tree‑shadowed area





			Layout


			Hexagonal grid





			Inter-site distance


			[TBD]


			[TBD]


			150 km


			[TBD]


			[TBD]





			Channel model


			[TBD]


			[TBD]


			LMS


			[TBD]


			[TBD]





			User distribution


			Randomly and uniformly distributed over area. 100% of users outdoors





			User mobility model


			Fixed and identical speed of all UTs randomly and uniformly distributed direction





			UT speed of interest


			3 km/h





			Inter-site interference modeling


			Explicitly modeled





			Satellite system noise temperature 


			450





			UE system noise temperature (K)


			200/250/290





			Satellite antenna gain (max)


			47.5dBi





			Satellite G/T


			21dB/K





			UE antenna gain


			0/2/4/14 dBi





			etc.


			


			


			


			


			








Table A.1-3: Additional parameters for assessment of beam spectral efficiency 
and beam edge user efficiency


			Deployment scenario for the evaluation process


			Urban area


			Suburban area


			Open area


			Intermediate tree-shadowed area


			Heavy 
tree-shadowed area





			Evaluated service profile


			N/A


			N/A


			Full buffer best effort


			N/A


			N/A





			Simulation bandwidth


			N/A


			N/A


			3 MHz


			N/A


			N/A





			Number of users per beam


			N/A


			N/A


			10


			N/A


			N/A








Table A.1-4: Additional parameters for assessment of VoIP capacity


			Deployment scenario for the evaluation process


			Urban area


			Suburban area


			Open area


			Intermediate tree-shadowed area


			Heavy 
tree-shadowed area





			Evaluated service profile


			N/A


			N/A


			VoIP


			N/A


			N/A





			Simulation bandwidth


			N/A


			N/A


			3MHz


			N/A


			N/A





			Simulation time span for a single drop


			N/A


			N/A


			20 s


			N/A


			N/A
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General Description of the Radio Interface of BMSat


1
Introduction 


The radio interface of BMSat is designed based on terrestrial LTE-Advanced specifications and the satellite requirements. A number of modifications to LTE-Advanced are made to adapt to satellite radio transmission environment. This contribution mainly gives these specific characteristics of BMSat. 



BMSat is designed mainly for geo-stationary earth orbit (GEO) satellite. It is assumed that each satellite is deployed with large aperture reflector antenna systems and could provide multiple spot-beams. The frequency is reused in different beams. Flexible frequency reuse schemes could be support in BMSat, including integer frequency reuse and fractional frequency reuse, as shown in Fig.1. 


    



[image: image1.emf]Satellite



    
      (a) Frequency Reuse Factor: 7      (b) Fractional Frequency Reuse


Fig.1. Frequency Reuse Schemes for BMSat


The architecture of BMSat is shown in Fig.2, consists of GEO satellites with or without onboard processing and switching system, satellite gateway, satellite core network and complementary ground component (CGC). BMSat radio interface includes two links: UE-CGC link and UE-Satellite link. UE-CGC link could reuse the terrestrial LTE-Advanced specifications. UE-Satellite link is specified based on terrestrial LTE-Advanced standards and modified to adapt to satellite radio transmission environment. In the following sections, specific characteristics of BMSat in UE-Satellite link are introduced. 
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Fig.2. Architecture of BMSat


2
Specific characteristics of BMSat


2.1
Low-EF transmission mode


Satellite communication system is typically power limited. In order to increase the power efficiency, two low envelope fluctuation (EF) transmission modes within the OFDM framework, DFT-spread OFDM used in terrestrial LTE uplink and offset-modulated Single-Carrier (OSC), could be used in both uplink and downlink. 


2.1.1    OSC mode


The frequency domain transmission signal mapped to a set of subcarriers is generated by
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, are complex-valued modulation symbols, N is the set size of sub-carriers.
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Fig. 3. Signal generation for OSC transmission mode



2.2
 Virtual Hybrid ARQ 


The Hybrid ARQ (HARQ) scheme used in terrestrial LTE systems cannot work because of long radio transmission delay in satellite communication systems. However, by utilizing the terrestrial LTE HARQ process, a new scheme, virtual HARQ without ACK/NACK feedback, is designed to support a wider range of channel conditions as well as transmission rates. 


In order to support effective transmission in low SINR region, low rate MCS levels should be supported. The MCS levels can be equivalently extended by using the LTE HARQ process. In virtual HARQ scheme, based on the reported CQI from the receiver, the transmitter adaptively selects both the MCS level and the number of transmitted redundancy versions. This scheme can support data transmission in very low SINR channel condition by selecting maximum 4 redundancy versions. 
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Fig. 4. Virtual Hybrid ARQ



2.3      Long TTI Bundling


Due to the large path loss of satellite link and UE/satellite transmission power limitation, UL/DL transmission may be power limited for some classes of UE. In order to improve coverage of PDSCH/PUSCH transmission, long period TTI bundling (up to 20ms) approach can be considered. By TTI bundling, one data packet will be transmitted in multiple subframes. The total transmission power of the packet is boosted. Transmission in case of long TTI bundling is defined in terms of the following steps (Fig. 5):



· encoding of source bits in each of the codewords to be transmitted,


· scrambling of coded bits in each of the codewords to be transmitted,


· modulation of scrambled bits to generate complex-valued modulation symbols,


· mapping of the complex-valued modulation symbols into each TTI bundling subframe,


· generating time-domain signal to be transmitted in each subframe. 


To improve spectrum efficiency, principle of CDMA can be used when generating time-domain signal in each subframe. To be specific, the procedure includes the following steps:


· spreading of the complex-valued modulation symbols in each subframe,


· mapping of the spread symbols to resource elements, an example can be found in Fig. 6,


· generating time-domain signal for each subframe.





[image: image10.emf]ScramblingModulation



Subframe 



mapping



subframes



source bits



Subframe signal 



generation



Subframe signal 



generation



Channel 



coding






Fig. 5: long TTI bundling transmission
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Fig.6. Example mapping of spread symbols to resource elements (UL)


2.4     Random Access Optimization


The transmission delay of satellite system is much longer than terrestrial LTE system. The access procedure can be optimized.



Depending on whether UE can obtain TA in advance, two access schemes can be used in BMSat: 


· RACH-less Access: for UE can obtain the accurate TA(Time Advance）in advance


· RACH: for UE cannot obtain TA in advance


2.4.1    RACH-less Access



In case of UE can obtain the accurate TA value in advance, the random access procedure can be avoided and the RACH-less access procedure can be used. The RACH-less access procedure is performed for the following three example cases:



1. The UE has accessed the satellite and obtained the TA value before. And the TA value stored by UE in still valid for the time span between the last access and current access is short.



2. The UE deduces the TA value between itself and the satellite through implementation method, e.g. the UE can obtain the distance between itself and the satellite using the global navigation satellite system (GNSS).



3. A satellite broadcast a reference time in UTC, a UE equipped with GNSS can deduce the TA value according to the time difference between the time it receives the broadcast message and the reference time value from the satellite. 


In RACH-less access procedure, the satellite gateway broadcasts a set of contention-based PRBs, the access UE choose one contention-based PRB to send data with its identifier. If the data transmission is success, the satellite gateway should send UE a response. Otherwise, an access collision may occur, UE may retry the access procedure after a random backoff time.


Note: If the calculated TA is larger than the cycle time T of contention-based PRBs, TA = TA mod T.



2.4.2    RACH Optimization


In case UE can’t obtain the TA (Time Advance) value in advance, the LTE RACH procedure can be re-used. Two points of optimization can be adopted.


1. For the diameter of a satellite beam ranges from 100 to 500 km, the time difference of the satellite receiving the uplink synchronization codes from different UEs in the same beam may exceed the synchronization detection window. Therefore, the length of CP and GT needs to be adjusted according to the beam range (See Section 2.7). 


2. For the satellite has number of beams, the transmission delay from satellite to each beam is different. To ensure the RACH preambles from different beams to arrive the satellite in the detection window, the satellite broadcasts the propagation delay (i.e. Tdelay) from satellite to reference location of a beam (e.g., the center of a beam) in each satellite beam. The UEs in the beam then set RACH preamble transmission time according to the Tdelay to make sure the preamble can be received by satellite in the detection window. 
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Fig. 7 Example broadcasting of the propagation delay from satellite to reference location of a beam


2.5       Handover Optimization


Compared with the terrestrial LTE system, the handover procedure in satellite communication system is more complex. Three handover scenarios are introduced: intra-satellite inter-beam handover, satellite to terrestrial handover and terrestrial to satellite handover. Some enhancements to optimize the handover procedure should be considered to reduce the handover interruption time caused by the long transmission delay.



Handover is based on UE assisted network control, i.e., the handover decision in connected mode is made by the network, based on possible measurement reports from the UE. The UE measurements are based on the reference symbol strength or quality, and various measurement reporting conditions are configurable by the network.


· Intra-satellite inter-beam handover: 


Inter-beam tight synchronization usually can be achieved, and the uplink time advances of source beam and target beam are the same. Based on this tight synchronization, the handover UE can avoid performing the RACH procedure in the target beam to accelerate the handover procedure. After the handover command is send from the source beam, the target beam can directly schedule the handover UE in the target beam. When UE receives the handover command, it immediately handovers to the target beam to listen to the schedule. It can be expected that the handover interruption time is very short, e.g. 1 to several ms.


· Satellite to terrestrial handover:



In this case, the exsting LTE handover procedure can be re-used directly. It can be expected that the interruption time is same as terrestrial LTE system, i.e. about 10 ms. 



· Terrestrial to satellite handover:



In this case, the handover interruption time can be optimized with pre-synchronization procedure. 


To shorten the handover interruption time, the terrestrial eNB can indicate the handover UE to establish the uplink synchronization with the target satellite beam before sending the handover command. This implies that the UE should support to communicate with both terrestrial and satellite simultaneously to establish the uplink synchronization with the target satellite beam before leaving the source cell, or the UE should be equipped with GNSS to deduce TA. After receiving the handover command, UE immediately sends the handover complete message to the target satellite beam (Note: the RB resources to send the handover complete message and relating information can be provided in handover command). When the satellite gateway receives the handover complete message, the handover procedure is completed successfully and the data transmission can be continued. In this way, the interruption time caused by the uplink synchronization procedure is avoided. However, there is still about 480ms (GEO as an example) handover interruption time: 240ms (the time of handover complete message from the UE to the satellite gateway) + 240 ms (the time of data from the satellite to the UE).


2.6      Paging Enhancement


For satellite communication, when users are located in the building or deep shadow area, it is difficult to receive the normal paging information. Enhanced physical paging channel (E-PPCH) is designed to enable the users in deep shadow area can receive the paging signal. E-PPCH is used to transmit user paging ID when an UE cannot be reached by normal paging process. The user specific identity such as S-TMSI (40 bits) or M-TMSI (30 bits) is segmented into several parts. Each part is coded to a long sequence and mapped to 2 OFDM symbols in the centric 6PRBs before the PSS/SSS sequence, as shown in Fig. 8. UE can search and synchronize to E-PPCH symbols and reading the paging identity even in very low RX power.
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Fig. 8 E-PPCH Structure



As an example, M-TMSI (32 bits) is segmented to 8 parts. Each part has 7 bits (4 M-TMSI bits and 3 bits used to define the location of 4 M-TMSI bits) and corresponds to 128 Zadoff-Chu complex sequences with length 131. The Zadoff-Chu complex sequence with length 131 is transmitted on the 3rd and 4th symbol in each sub-frame before PSS/SSS. In each paging period, 2 * 8 of those E-PPCH sequences are transmitted, with duplex transmission of each 7 bits segment. The full paging period of one user is 16 * Tperiod, where Tperiod is the transmission interval of each E-PPCH sequence (5ms, 10ms or even longer).



E-PPCH configurations are broadcasted in system information blocks.



2.7       Specific Modification for Long Delay



2.7.1      PRACH Configuration



In terrestrial LTE system, several PRACH configurations are defined to support maximal of 100km coverage range. Satellite beam coverage will target to support much wider area with diameter from 100km to 500km. One PRACH configuration “sat1” needs to be added as the following table.



			Preamble format 


			TCP


			TSEQ 


			Sequence Length


			GT





			0 


			3168Ts


			24576Ts


			839


			≈ 97.4 us 





			1 


			21024Ts


			24576Ts


			839


			≈ 516 us 





			2 


			6240Ts


			2*24576Ts


			839


			≈197.4us 





			3 


			21024Ts


			2*24576Ts


			839


			≈716 us 





			4


(frame structure type 2 only) 


			448Ts


			4096Ts


			139


			≈ 9.4us 





			Sat1


			41024Ts


			2*24576Ts


			839


			≈1280 us 








2.7.2    Period CQI feedback Configuration



The maximal CQI feedback period of terrestrial LTE system is 160ms. It can be extended to support maximal of 2048ms for satellite case. 
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2.7.3    QCI table



There are 9 standardized classes of QCI level pr-defined in LTE system to support wide range of services. The services with very short delay like real time gaming cannot be supported by satellite communication. Therefore, the original LTE QCI 3 is deleted in BMSat and other 8 standardized QCI classes are left in BMSat. In addition, the packet delay budget is optimized to support satellite long delay. 



			QCI


			Resource Type


			Priority


			Packet Delay Budget 


			Packet Error Loss



Rate 


			Example Services





			1



			GBR


			2


			100ms+x


			10-2


			Conversational Voice





			2



			


			3


			150 ms+x


			10-3


			Conversational Video (Live Streaming)





			3



			


			4


			300 ms+2x


			10-6


			Non-Conversational Video (Buffered Streaming)





			4



			Non-GBR


			1


			100 ms+2x


			10-6


			IMS Signalling





			5



			


			5


			300ms+2x


			10-6


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





			6



			


			6


			100 ms+2x


			10-3


			Voice,
Video (Live Streaming)
Interactive Gaming





			7



			


			7


			300 ms+2x


			10-6


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





			8



			


			8


			


			


			sharing, progressive video, etc.)








Note: x is the average transmission delay between UE and satellite gateway.


“+x”, service is assumed to be transmitted with RLC UM;


“+2x”, service is assumed to be transmitted with RLC AM.
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This document describes the evaluation results identified for IMT-Advanced-Satellite candidate technology submissions in Document IMT-ADV-SAT/3(Rev.1) from Chinese Evaluation Group (ChEG).

1	Background

As part of the ongoing process for IMT-Advanced-Satellite, the period from May 2012 (the 32nd meeting of Working Party 4B) to September 2012 (the 33rd meeting of Working Party 4B) has been designated for evaluation of the IMT-Advanced-Satellite candidate technology submissions by Independent Evaluation Groups.

The ChEG is a registered Independent Evaluation Group, and is responsible for organizing and coordinating IMT-Advanced-Satellite related evaluation tasks among Chinese participants. For the time being, there are 10 members in ChEG, including operators, vendors, research institutes and universities. The detailed structure and contact person of ChEG can be got from: 

http://www.itu.int/oth/R0A0500000D

ChEG has organized 3 face to face internal meetings and continuous e-mail discussion for IMTAdvanced-Satellite technology evaluation after the 32nd meeting of Working Party 4B.  
Through these meetings, members of ChEG have opportunities to discuss and reach consensus on parameter assumption, calibration, evaluation methodologies and other issues which are related to evaluation tasks.

On 30August, ChEG hold a face-to-face meeting with TTA PG707 in Beijing. At this meeting, ChEG and TTA PG707 exchanged knowledge of evaluation and clarified technical details.

Following the IMT-Advanced-Satellite development process, ChEG provides this final evaluation report. ChEG confirms that the evaluation reported in this contribution is performed in accordance with Report ITUR M.2176, e.g., user terminal configuration and channel model. Other details used in this contribution are in accordance with Document IMT-ADV-SAT/3(Rev.1) which contains submissions from the proponents. All five test environments including mandatory open test environment are evaluated. 

2	Assessment and evaluation results on BMSat RIT

The assessment and evaluation include two parts: one part is for system aspects, where evaluations are performed according to compliance templates in Report ITU-R M.2176; the other part is for specific characteristics, where specific designs of BMSat which are different from terrestrial LTE systems are evaluated.

2.1	Assessment and evaluation results – System aspects

2.1.1	Compliance template – Service template



		Service related minimum capabilities within
the satellite radio interface(s)

		ChEG’s comments



		Support of a wide range of services

Does the proposal support a wide range of services?

Yes

		See Annex 7







2.1.2	Compliance template – Spectrum template



		Spectrum capability requirements

		ChEG’s comments



		Spectrum bands

Is the proposal able to utilize at least one band identified for IMT?

Yes

Specify in which band(s) the candidate satellite radio interface(s) can be deployed

1 980-2 010 MHz / 2 170-2 200 MHz

		See Annex 6





2.1.3	Compliance template – Technical performance template

		Minimum technical requirements items

		Category

		Required value

		Value

		Requirement met?

		ChEG’s Comments



		

		Test environment

		Downlink or uplink

		

		

		

		



		Beam spectral efficiency (bit/s/Hz/beam)

		Urban

		Downlink

		N/A

		0.6221/0.6221/0.6221/0.8567/0.9037/1.2678

		N/A

		See Annex 4



		

		

		Uplink

		N/A

		0.0177/0.0702/0.4271/0.5729/1.0220/1.0971

		N/A

		See Annex 4



		

		Suburban

		Downlink

		N/A

		0.7798/0.7798/0.7798/1.0907/1.1545/1.4923

		N/A

		See Annex 4



		

		

		Uplink

		N/A

		0.0167/0.0744/0.5188/0.7201/1.3506/1.4586

		N/A

		See Annex 4



		

		Open

		Downlink

		1.1

		0.8662/0.8662/0.8662/1.1760/1.2296/1.5620

		Yes

		See Annex 4



		

		

		Uplink

		0.7

		0.0299/0.1235/0.6464/0.8590/1.4635/1.5365

		Yes

		See Annex 4



		

		Intermediate tree-shadowed

		Downlink

		N/A

		0.7217/0.7217/0.7217/0.9813/1.0400/1.4346

		N/A

		See Annex 4



		

		

		Uplink

		N/A

		0.0199/0.0778/0.4659/0.6355/1.1893/1.3385

		N/A

		See Annex 4



		

		Heavy 

tree-shadowed

		Downlink

		N/A

		0.1281/0.1281/0.1281/0.3460/0.4079/1.1297

		N/A

		See Annex 4



		

		

		Uplink

		N/A

		0.0026/0.0049/0.0186/0.0313/0.3204/0.7227

		N/A

		See Annex 4



		Peak spectral efficiency (bit/s/Hz)

		–

		Downlink

		2.5

		2.73

		Yes

		See Annex 1



		

		

		Uplink

		1.25

		2.63

		Yes

		See Annex 1



		Bandwidth

		–

		Up to and including (MHz)

		100

		100

		Yes

		See Annex 6



		

		

		Scalability

		N/A

		1.4/3/5/10/ 15/20

		Yes

		See Annex 6



		Beam edge user spectral efficiency (bit/s/Hz)[footnoteRef:1] [1: 	Beam edge user spectral efficiency is defined as 5% point of the cumulative distribution function (CDF) of the normalized user throughput.  The normalized user throughput is calculated as , where i denotes the number of correctly received bits of user i, Ti denotes the active session time for user i, and  denotes the channel bandwidth. ] 


		Urban

		Downlink

		N/A

		0.0018/0.0018/0.0018/0.0026/0.0030/0.0425

		N/A

		See Annex 4



		

		

		Uplink

		N/A

		0.0003/0.0007/0.0043/0.0035/0.0016/0.0034

		N/A

		See Annex 4



		

		Suburban

		Downlink

		N/A

		0.0324/0.0324/0.0324/0.0465/0.0535/0.0893

		N/A

		See Annex 4



		

		

		Uplink

		N/A

		0.0002/0.0006/0.0209/0.0142/0.0416/0.0754

		N/A

		See Annex 4



		

		Open

		Downlink

		0.04

		0.0609/0.0609/0.0609/0.0877/0.0930/0.1201

		Yes

		See Annex 4



		

		

		Uplink

		0.015

		0.0002/0.0009/0.0331/0.0568/0.1043/0.1089

		Yes

		See Annex 4



		

		Intermediate tree-shadowed

		Downlink

		N/A

		0.0079/0.0079/0.0079/0.0281/0.0338/0.0949

		N/A

		See Annex 4



		

		

		Uplink

		N/A

		0.0002/0.0009/0.0023/0.0019/0.0229/0.0627

		N/A

		See Annex 4



		

		Heavy 
tree-shadowed

		Downlink

		N/A

		0.0006/0.0006/0.0006/0.0113/0.0210/0.0901

		N/A

		See Annex 4



		

		

		Uplink

		N/A

		0.0001/0.0001/0.0001/0.0003/0.0063/0.0418

		N/A

		See Annex 4



		Control plane latency (ms)

		N/A

		N/A

		N/A

		50+6x(1)(2)

		N/A

		See Annex 2



		User plane latency (ms)

		N/A

		N/A

		N/A

		5+y1+y2(3)

		N/A

		See Annex 3



		Mobility

		Urban

		N/A

		N/A

		

		N/A

		



		

		Suburban

		N/A

		N/A

		

		N/A

		



		

		Open

		N/A

		Stationary,
pedestrian,
vehicular
high speed vehicular,
aeronautical

		Stationary,

pedestrian,

vehicular

high speed vehicular,

aeronautical

		Yes

		



		

		Intermediate tree-shadowed

		N/A

		N/A

		

		N/A

		



		

		Heavy 
tree-shadowed

		N/A

		N/A

		

		N/A

		



		Intra-frequency handover interruption time (ms)

		N/A

		N/A

		N/A

		12+2x

		N/A

		See Annex 5



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

		N/A

		N/A

		N/A

		12+2x

		N/A

		See Annex 5



		Inter-frequency handover interruption time between spectrum band (ms)

		N/A

		N/A

		N/A

		12+2x

		N/A

		See Annex 5



		Intersystem handover

		N/A

		N/A

		N/A

		

		N/A

		



		Number of supported VoIP users (active users/ beam/MHz)

		Urban

		As defined in subclause 7.2.8

		N/A

		0/0/0/5/8/50

		N/A

		See Annex 4



		

		Suburban

		N/A

		N/A

		0/5/19/24/36/54

		N/A

		See Annex 4



		

		Open

		N/A

		30

		5/13/30/44/48/55

		Yes

		See Annex 4



		

		Intermediate tree-shadowed

		N/A

		N/A

		0/0/6/10/14/49

		N/A

		See Annex 4



		

		Heavy 

tree-shadowed

		N/A

		N/A

		0/0/0/6/9/34

		N/A

		See Annex 4



		N/A: Not Applicable.





1. ‘x’ is the transmission delay between UE and satellite gateway. 

1. ‘50+6x’ is the ‘Idle to Connected’ latency.

1. ‘y1’ is the transmission delay between UE and satellite; ‘y2’ is the transmission delay between satellite gateway and satellite.

2.2	Assessment and evaluation results – Specific characteristics

In this section, specific characteristics of BMSat are evaluated. 

2.2.1	Low-EF transmission mode

In order to increase the power efficiency, two low envelope fluctuation (EF) transmission modes within the OFDM framework, DFT-spread OFDM (DFTS-OFDM) used in terrestrial LTE uplink and offset-modulated Single-Carrier (OSC), are introduced in BMSat for both uplink and downlink. Simulations have been performed to evaluate the EF performance of OSC, DFTS-OFDM and the conventional OFDMA. Gray mapped QPSK is considered as the modulation format. The result shows that with OSC mode, about 10 dB and 6 dB PAPR gains can be achieved related to the normal OFDMA mode and DFTS-OFDM mode, respectively.




Figure 1

EF performance of OSC, DFTS-OFDM and OFDMA

[image: ]

2.2.2 	Virtual HARQ

By using the virtual HARQ method, the system spectrum efficiency at low SNR can be effectively improved. Simulation shows the link adaptive results of different methods: the red and blue curves represent the adaptive result with and without virtual HARQ, respectively. From Figure 2, we can see that when SNR is below 10 dB, the spectrum efficiency of the system with virtual HARQ is significantly greater than that without virtual HARQ.

TABLe 1

Simulation assumptions of virtual HARQ

		Item

		Value



		RB Number

		6



		Carrier frequency

		2 GHz



		FFT

		2 048



		CP 

		Normal CP



		Channel code

		Turbo



		Antenna

		1Tx,1Rx



		Channel model

		Open area



		UE speed

		3 km/h



		Channel estimation

		Ideal



		Feedback interval

		1 ms



		Feedback delay

		130 ms





Figure 2

Performance of virtual HARQ
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2.2.3	Long TTI bundling for VoIP service enhancement

In order to improve coverage of PDSCH/PUSCH transmission, long period TTI bundling (up to 20 ms) approach is introduced in BMSat. An example of 20 ms TTI bundling for 12.2 kbit/s VoIP service is simulated. The result shows that with 20 ms TTI bundling, about 10 dB link budget gain can be achieved related to the normal transmission mode (i.e., Transmission Mode 1 in the following table).




TABLe 2

Simulation assumptions of long TTI bundling

		Assumptions

		Value



		Services

		12.2 kbit/s, VoIP



		Carrier frequency

		2 GHz



		TB size

		244 bits



		Modulation

		QPSK



		Channel model

		LMS Open/AWGN 



		Speed

		3 km/h



		Channel estimation

		Real



		Transmission Mode 1

		1 ms TTI, 2PRBs



		Transmission Mode 2

		20 ms TTI, 1PRB



		Spreading

		Walsh Code, Length = 8



		HARQ

		None



		Control channel symbols

		3



		TX Antenna  number

		1



		RX Antenna number

		1





Figure 3

Performance of long TTI bundling
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2.2.4	Enhanced paging

Enhanced paging has two implementation schemes. Both schemes are evaluated.

2.2.4.1	Two implementation schemes of the enhanced paging design

For the first scheme (E-PPCH 8*4), the 32 bits M-TMSI is divided to 8 segments, so there are 4 bits in each segment. Then 3-bits ID is used to label each segment (from 000 to 111), so the message for each M-TMSI segment is actually 7 bits. To convey 7-bits information, 128 orthogonal sequences are needed. Considering that the length of the Zadoff-Chu sequence should be prime to maintain the good cross-correlation and low PAPR, we choose 128 sequences with length of 131. Each sequence is divided to two segments with length of 66 and 65, respectively. The first 66 complex data are mapped to the central 66 subcarriers of the 4-th OFDM symbol of slot 0 or slot 10, and the remaining 6 subcarriers are occupied by zeros. The next 65 complex data are mapped to the central 65 subcarriers of the 5-th OFDM symbol of slot 0 or slot 10, and the remaining 7 subcarriers are occupied with zeros. For additional performance improvement, the sequence for each M-TMSI segment is repeated four times, so the total number of subcarriers used for the transmission of the whole M-TMSI is 8*2*72*4 = 4608.

For the second scheme (E-PPCH 4*8), the 32 bits M-TMSI is divided to 4 segments, so there are 8 bits in each segment. Then 2-bits ID is used to label each segment (from 00 to 11), so the message for each M-TMSI segment is actually 10 bits. We choose 1024 Zadoff-Chu sequences with length of 1031 to convey the 10 bits information for each M-TMSI segment. Each sequence is divided to 16 segments with the first 15 segments composed of 65complex numbers and the last segment composed of 56 complex numbers. Each sequence segment occupies 72 subcarriers of the 4-th or the 5-th OFDM symbol of slot 0 or slot 10 with the remaining subcarriers filled by zeros. The whole message is transmitted only once, so the total number of subcarriers used for the transmission of the whole M-TMSI is also 4*16*72*1 = 4608.

Comparing the two schemes, although the equivalent time spread is the same, E-PPCH 4*8 should provide larger spread gain from the coding theory point of view. However, since more segments are used in E-PPCH 8*4, the un-targeted users may realize earlier that the E-PPCH is not for them, so more energy can be saved. In a word, there exists a trade-off between spread gain and energy saving for the choice of segmentation scheme of the M-TMSI transmission.

2.2.4.2	Normal paging

For the purpose of performance comparison in the next subsection, the normal paging in LTE is introduced briefly in this subsection.

In LTE, the paging information is transmitted on PDSCH as data, and turbo coding and QPSK are used for transmission. At the transmitter side, the information is firstly turbo coded with coding rate of 1/3. The rate matching is done according to the resource allocation for PDSCH. After QPSK modulation and RBs mapping, repeat transmission as many as 3 times is permitted according to the channel condition. The final step is OFDM modulation. The decoding of paging information at the receiver side is the reverse of above procedures.

The resource allocation unit for PDSCH is PRB. In LTE, the first 3 OFDM symbols in one subframe are assigned for control information, and the remaining 11 OFDM symbols can be used for data transmission. In the evaluation, 1 PRB is allocated for the transmission of 32-bits M-TMSI. Since 12*11 = 132 subcarriers can be used, if the message is repeated 3 times, the message should include 44 QPSK symbols, so the length of the coded bits is 44*2 = 88. This means that the 1/3 turbo coded 96 bits (32*3 = 96) should be punctured to 88 bits by rate matching. Finally, the 32 bits M-TMSI is mapped to resource elements in one PRB as shown in Figure 4.

2.2.4.3	Performance comparison between enhanced paging and normal paging

The PER performance of the two implementation schemes for enhanced paging and the normal paging in LTE are simulated under AWGN channel, and the results are compared in Figure 5. For the normal paging, the 3 times repeat brings about 4.5 dB gain relative to the case with no repeat at PER = 10-3. For E-PPCH 8*4, 4 times repeat brings about 6 dB gain, and the final improvement relative to the normal paging with 3 times repeat is about 11.5 dB at PER = 10-3. As expected, the E-PPCH 4*8 outperforms E-PPCH 8*4 with 4 times repeat about 1.7 dB, so the final improvement at PER = 10-3relative to the normal paging with 3 times repeat is about 13.2 dB.

Considering that the PAPR of the transmitted sequence is 0 dB, if the transmit power for E-PPCH is increased by 6-7 dB, a total gain of about 20 dB can be achieved relative to the normal paging. This improvement is large enough for the application of enhanced paging in normal indoor or heavy shadowing environments.

Figure 4

Mapping of M-TMSI message to resource elements in one PRB





Figure 5

Performance comparison between enhanced paging and normal paging
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3	Conclusion

According to methods specified in Report ITU-R M.2176, ChEG has done complete evaluation on the submissions in Document IMT-ADV-SAT/3(Rev.1) (i.e. “BMSat”) and provides assessment and evaluation results.

ChEG identifies that for the evaluated submissions in Document IMT-ADV-SAT/3(Rev.1):

–	BMSat RIT meets the minimum requirements in mandatory “open” test environments.

–	BMSat RIT has good performance in other test environments.

· The specific designs in BMSat RIT largely improve the system performance.






Annex 1

Peak spectral efficiency



Table A1-1 shows the forward link peak spectral efficiency for BMSat. The spectral efficiencyis derived based on the following assumptions: 3 MHz bandwidth, one symbol L1/L2 control, beamspecific reference signals corresponding to one beam-specific antenna port, PBCH/SS occupying a total of 528 resource elements per radio frame.

Table A1-1

Forward link peak spectrum efficiency

		Scheme

		Spectral efficiency (bit/s/Hz)



		ITU Requirement

		2.5



		Single input single output

		2.73













Table A1-2 shows the return link peak spectral efficiency for BMSat.The spectral efficiency is derived based on the following assumptions: 3 MHz bandwidth, PUCCH of 2 resource block pairs per sub-frame and PRACH of 6 resource block pairs per radio frame. 

Table a1-2

Return link peak spectral efficiency

		Scheme

		Spectral efficiency (bit/s/Hz)



		ITU Requirement

		1.2



		Single input single output

		2.63










Annex 2

C-plane latency

[bookmark: _Toc241036659]

2.1	Idle to Connected

The different steps involved in the transition from Idle to Connected mode in BMSat are depicted on Figure A2.1-1 below:

Figure a2.1-1

From Idle to connected mode







The transition time from Idle to Connected mode is (50+6x) ms as summarized in Table A2.1-1 below. Note that since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total delay (assuming that that the total delay of steps 11-14 is shorter than or equal to the total delay of steps 7-10).




Table a2.1-1

Transition time from Idle to Connected mode

		Component

		Description

		Time (ms)



		1

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

		0.5



		2

		RACH Preamble

		1+x



		3-4

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

		3+x



		5

		UE Processing Delay (decoding of scheduling grant, timing alignment and CRNTI assignment + L1 encoding of RRC Connection Request)

		5



		6

		Transmission of RRC and NAS Request

		1+x



		7

		Processing delay in the satellite gateway (L2 and RRC)

		4



		8

		Transmission of RRC Connection Set-up (and UL grant)

		1+x



		9

		Processing delay in the UE (L2 and RRC)

		12



		10

		Transmission of RRC Connection Set-up complete

		1+x



		11

		Processing delay in the satellite gateway (Uu → S1-C)

		



		12

		S1-C Transfer delay

		



		13

		MME Processing Delay (including UE context retrieval of 10ms)

		



		14

		S1-C Transfer delay

		



		15

		Processing delay in the satellite gateway (S1-C → Uu)

		4



		16

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

		1.5+x



		17

		Processing delay in UE (L2 and RRC)

		16



		

		Total delay

		50+6x



		NOTE - The “x” is the transmission delay between UE and satellite gateway.







[bookmark: _Toc241036660]2.2	Dormant to Active

In the dormant state, the UE has an established RRC connection and radio bearers; it is thus known at beam level but may be in DRX to save power during temporary inactivity. The UE may be either synchronized or unsynchronized. For the purpose of the analysis presented in this section, error free transmission of data and signalling is assumed, and the DRX cycle is not considered.




2.2.1	Return link initiated transition, synchronized

As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is already synchronised are depicted on Figure A2.2-1 below.

Figure a2.2-1

Dormant to active transition for synchronised UE (return link initiated transition)






The transition time from a Dormant to an Active state when the UE is already synchronised is (9.5+3x) ms as summarized in Table A2.2-1 below.

Table a2.2-1

Return link initiated dormant to active transition for synchronized UE

		Component

		Description

		Time (ms)



		1

		Average delay to next SR opportunity (1ms PUCCH cycle)

		0.5



		2

		UE sends Scheduling Request

		1+x



		3

		The satellite gateway decodes Scheduling Request and generates the Scheduling Grant

		3



		4

		Transmission of Scheduling Grant

		1+x



		5

		UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)

		3



		6

		Transmission of UL data

		1+x



		

		Total delay

		9.5+3x



		NOTE - The “x” is the transmission delay between UE and satellite gateway.










2.2.2	Return link initiated transition, unsynchronized

As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is unsynchronised are depicted on Figure A2.2-2 below:

Figure a2.2-2

Dormant to active transition for unsynchronised UE (return link initiated transition)







Table A2.2-2 provides a timing analysis of the return link state transition for a UE without return link synchronization. The analysis illustrates that the return link transition from dormant to active for an unsynchronized UE is (10.5+x) ms, with 1 ms PRACH cycle and a 3 ms msg 2 window.

Table a2.2-2

Return link initiated dormant to active transition for unsynchronized UE (error free)

		Component

		Description

		Time (ms)



		1

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

		0.5



		2

		RACH Preamble

		1+x



		3-4

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

		3+x



		5

		UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data)

		5



		6

		Transmission of UL data

		1+x



		

		Total delay

		10.5+x



		NOTE - The “x” is the transmission delay between UE and satellite gateway.





2.2.3	Forward link initiated transition, synchronized

A UE with return link synchronization monitors PDCCH during the on-duration time of the DRX cycle, and there is thus no additional delay component apart from the DRX cycle when compared to the case of the return link initiated for a synchronized UE.

2.2.4	Forward link initiated transition, unsynchronized

As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is unsynchronised are depicted on Figure A2.2-3 below:

Figure a2.2-3

Dormant to active transition for unsynchronised UE (forward link initiated transition)





Table A2.2-3 provides a timing analysis of the forward link state transition for a UE without return link synchronization. For the forward link initiated transition, a dedicated preamble is assumed and no contention resolution is needed. The analysis illustrates that the forward link transition from dormant to active for an unsynchronized UE is (13.5+3x) ms, with 1ms PRACH cycle and a 3 ms msg2 window.

Table a2.2-3

Forward link initiated dormant to active transition (error free)

		Component

		Description

		Minimum (ms)



		1

		UE receives dedicated preamble on PDCCH and prepares UL Tx and cannot select a PRACH occasion before n+6

		6



		2

		Average delay due to RACH scheduling period

		0.5



		3

		RACH Preamble

		1+x



		4-5

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

		3+x



		6

		The satellite gateway needs to wait 2 sub frames before DL Tx to allow UE to adapt UL response according to the time alignment

		2



		7

		Transmission of DL data

		1+x



		

		Total delay

		13.5+3x



		NOTE - The “x” is the transmission delay between UE and satellite gateway. 








Annex 3

U-Plane latency



The BMSat U-plane one way latency for a scheduled UE can be calculated as:

		DUP [ms] = DUE+DUE-S+DS +DG-S+DG+DTTI,

where DUE and DG are the processing delays of UE and gateway (which includes radio frame alignment), respectively; DUE-S= y1 is the transmission delay of UE-Satellite link; DG-S=y2 is the transmission delay of Gateway-Satellite link; DS is the processing delay of satellite; DTTI is 1ms TTI duration. NOTE - Herein, satellite without on-board switching is assumed.

The approximate average U-plane latency is given by:

		DUP,typical[ms] = 1.5+y1+1+y2+1.5+1=5+y1+y2 ms.



Figure a3-1

User plane latency components (Example)










Annex 4

Spectral efficiency and user throughput

[bookmark: _Toc241036663]

Beam spectral efficiency and beam-edge spectral efficiency of BMSat are evaluated through extensive simulations. The simulation assumptions applied are in accordance with Document IMTADV-SAT/3(Rev.1). 

For downlink, beam spectral efficiency and beam-edge spectral efficiency are evaluated by assuming overhead corresponding to downlink control channels that spans L=3OFDM symbols. Relaxing the overhead assumption to L=1 and 2 further enhances the throughput performance.

4.1	Beam spectral efficiency and beam-edge spectral efficiency

[bookmark: _Toc241036668]Table A4.1-1 shows the forward link spectral-efficiency results in the urban environment. 

Table a4.1-1

Forward link spectral efficiency (urban)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		N/A

		0.6221

		0.0018



		Handheld Class 2

		

		0.6221

		0.0018



		Handheld Class 1

		

		0.6221

		0.0018



		Portable

		

		0.8567

		0.0026



		Vehicular

		

		0.9037

		0.0030



		Transportable

		

		1.2678

		0.0425







Table A4.1-2 shows the return link spectral-efficiency results in the urban environment. 

TABLE A4.1-2

Return link spectral efficiency (urban)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		N/A

		0.0177

		0.0003



		Handheld Class 2

		

		0.0702

		0.0007



		Handheld Class 1

		

		0.4271

		0.0043



		Portable

		

		0.5729

		0.0035



		Vehicular

		

		1.0220

		0.0016



		Transportable

		

		1.0971

		0.0034










Table A4.1-3 shows the forward link spectral-efficiency results in the suburban environment.

Table A4.1-3

Forward link spectral efficiency (suburban)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		N/A

		0.7798

		0.0324



		Handheld Class 2

		

		0.7798

		0.0324



		Handheld Class 1

		

		0.7798

		0.0324



		Portable

		

		1.0907

		0.0465



		Vehicular

		

		1.1545

		0.0535



		Transportable

		

		1.4923

		0.0893







Table A4.1-4 shows the return link spectral-efficiency results in the suburban environment.

Table A4.1-4

Return link spectral efficiency (suburban)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		N/A

		0.0167

		0.0002



		Handheld Class 2

		

		0.0744

		0.0006



		Handheld Class 1

		

		0.5188

		0.0209



		Portable

		

		0.7201

		0.0142



		Vehicular

		

		1.3506

		0.0416



		Transportable

		

		1.4586

		0.0754







Table A4.1-5 shows the forward link spectral-efficiency results in open area environment.

Table A4.1-5

Forward link spectral efficiency (open area)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		(1.1/0.04)

		0.8662

		0.0609



		Handheld Class 2

		

		0.8662

		0.0609



		Handheld Class 1

		

		0.8662

		0.0609



		Portable

		

		1.1760

		0.0877



		Vehicular

		

		1.2296

		0.0930



		Transportable

		

		1.5620

		0.1201







Table A4.1-6 shows the return link spectral-efficiency results in the open area environment. 

Table A4.1-6

Return link spectral efficiency (open area)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		(0.7/0.015)

		0.0299

		0.0002



		Handheld Class 2

		

		0.1235

		0.0009



		Handheld Class 1

		

		0.6464

		0.0331



		Portable

		

		0.8590

		0.0568



		Vehicular

		

		1.4635

		0.1043



		Transportable

		

		1.5365

		0.1089







Table A4.1-7 shows the forward link spectral-efficiency results in the intermediate tree-shadowed environment. 

Table A4.1-7

Forward link spectral efficiency (intermediate tree-shadowed)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		N/A

		0.7217

		0.0079



		Handheld Class 2

		

		0.7217

		0.0079



		Handheld Class 1

		

		0.7217

		0.0079



		Portable

		

		0.9813

		0.0281



		Vehicular

		

		1.0400

		0.0338



		Transportable

		

		1.4346

		0.0949







Table A4.1-8 shows the return link spectral-efficiency results in the intermediate tree-shadowed environment. 

Table A4.1-8

Return link spectral efficiency (intermediate tree-shadowed)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		N/A

		0.0199

		0.0002



		Handheld Class 2

		

		0.0778

		0.0009



		Handheld Class 1

		

		0.4659

		0.0023



		Portable

		

		0.6355

		0.0019



		Vehicular

		

		1.1893

		0.0229



		Transportable

		

		1.3385

		0.0627







Table A4.1-9 shows the forward link spectral-efficiency results in the heavy tree-shadowed environment. 

Table A4.1-9

Forward link spectral efficiency (heavy tree-shadowed)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		N/A

		0.1281

		0.0006



		Handheld Class 2

		

		0.1281

		0.0006



		Handheld Class 1

		

		0.1281

		0.0006



		Portable

		

		0.3460

		0.0113



		Vehicular

		

		0.4079

		0.0210



		Transportable

		

		1.1297

		0.0901







Table A4.1-10 shows the return link spectral-efficiency results in the heavy tree-shadowed environment. 

Table A4.1-10

Return link spectral efficiency (heavy tree-shadowed)

		UE Type

		ITU
Requirement
(Ave./Edge)

		Beam average (bit/s/Hz/beam)

		Beam edge (bit/s/Hz)



		Handheld Class 3

		N/A

		0.0026

		0.0001



		Handheld Class 2

		

		0.0049

		0.0001



		Handheld Class 1

		

		0.0186

		0.0001



		Portable

		

		0.0313

		0.0003



		Vehicular

		

		0.3204

		0.0063



		Transportable

		

		0.7227

		0.0418










4.2	Number of supported VoIP users

Table A4.2-1 shows the VoIP capacity results in the urban environment.

Table A4.2-1

VoIP capacity (urban)

		UE Type

		ITU requirement

(User/MHz/beam)

		Capacity (User/MHz/beam)



		Handheld Class 3

		N/A

		0



		Handheld Class 2

		

		0



		Handheld Class 1

		

		0



		Portable

		

		5



		Vehicular

		

		8



		Transportable

		

		50







Table A4.2-2 shows the VoIP capacity results in the suburban environment.

Table A4.2-2

VoIP capacity (suburban)

		UE Type

		ITU requirement

(User/MHz/beam)

		Capacity (User/MHz/beam)



		Handheld Class 3

		N/A

		0



		Handheld Class 2

		

		5



		Handheld Class 1

		

		19



		Portable

		

		24



		Vehicular

		

		36



		Transportable

		

		54







Table A4.2-3 shows the VoIP capacity results in the open area environment.

Table A4.2-3

VoIP capacity (open area)

		UE Type

		ITU requirement

(User/MHz/beam)

		Capacity (User/MHz/beam)



		Handheld Class 3

		30

		5



		Handheld Class 2

		

		13



		Handheld Class 1

		

		30



		Portable

		

		44



		Vehicular

		

		48



		Transportable

		

		55







Table A4.2-4 shows the VoIP capacity results in the intermediate tree-shadowed environment.

Table A4.2-4

VoIP capacity (intermediate tree-shadowed)

		UE Type

		ITU requirement

(User/MHz/beam)

		Capacity (User/MHz/beam)



		Handheld Class 3

		N/A

		0



		Handheld Class 2

		

		0



		Handheld Class 1

		

		6



		Portable

		

		10



		Vehicular

		

		14



		Transportable

		

		49







Table A4.2-5 shows the VoIP capacity results in the heavy tree-shadowed environment.

Table A4.2-5

VoIP capacity (heavy tree-shadowed)

		UE Type

		ITU requirement

(User/MHz/beam)

		Capacity (User/MHz/beam)



		Handheld Class 3

		N/A

		0



		Handheld Class 2

		

		0



		Handheld Class 1

		

		0



		Portable

		

		6



		Vehicular

		

		9



		Transportable

		

		34








Annex 5

Handover Performance



The generic handover procedure of BMSat builds upon the one developed for LTE and is shown in Figure A5-1 below.

Figure A5-1

U-Plane interruption in BMSat







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

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

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




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

In total, the interruption time is (12+2x) ms as summarized in Table A5-1 below. Note that this delay does not depend on the frequency of the target as long as the beam has already been measured by the UE, which is a typical scenario.

Table A5-1

U-Plane interruption in BMSat

		Component

		Description

		Time (ms)



		1

		Radio Synchronisation to the target beam

		1



		2

		Average delay due to RACH scheduling period (5ms periodicity)

		2.5



		3

		RACH Preamble

		1+x



		4-5

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

		7.5+x



		

		Total delay

		12+2x



		NOTE - x is the propagation delay between UE and satellite gateway (target beam).





[bookmark: _Toc241036671]

5.1	Intra-frequency handover interruption time

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As explained in sub-clause 5 above, the interruption is (12+2x) ms regardless of the frequency of the target cell.

[bookmark: _Toc241036672]5.2	Inter-frequency handover interruption time within a spectrum band

As explained in sub-clause 5 above, the interruption is (12+2x) ms regardless of the frequency of the target beam.

[bookmark: _Toc241036673]5.3	Inter-frequency handover interruption time between spectrum bands

As explained in sub-clause 5 above, the interruption is (12+2x) ms regardless of the frequency of the target beam.



[bookmark: _Toc241036674]
Annex 6

Spectrum and bandwidth



[bookmark: _Toc241036675]6.1	Deployment bands

The BMSat RIT supports the current IMT satellite bands as follows: 

		Return link operating band: 1 980-2 010 MHz

		Forward link operating band: 2 170-2 200 MHz

The potential bands for IMT satellite can also be supported by the BMSat RIT.

[bookmark: _Toc241036676]6.2	Bandwidth and channel bandwidth scalability

In the BMSat RIT, one component carrier supports a scalable bandwidth, 1.4, 3, 5, 10, 15 and 20 MHz. By aggregating multiple component carriers, wider transmission bandwidths up to 100 MHz are supported.


Annex 7

Services



The Quality of Service (QoS) framework of BMSat builds upon the one developed for LTE and therefore allows the support of a wide range of services. In BMSat, a bearer is the level of granularity for QoS control. Each bearer can be associated with several QoS parameters, e.g.:

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

Table A7-1

QCI Example (BMSat)

		QCI

		Type

		Packet Delay Budget

		Packet Error Loss Rate

		Example Services



		1

		GBR

		80+x ms

		10-2

		Conversational Voice



		2

		

		130+x ms

		10-3

		Conversational Video (Live Streaming)



		3

		

		280+2x ms

		10-6

		Non-Conversational Video (Buffered Streaming)



		4

		Non-GBR

		80+2x ms

		10-6

		IMS Signalling



		5

		

		280+2x ms

		10-6

		Video (Buffered Streaming)

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



		6

		

		80+2x ms

		10-3

		Voice,

Video (Live Streaming)

Interactive Gaming



		7

		

		280+2x ms

		10-6

		Video (Buffered Streaming)

TCP-based (e.g., www, e-mail, chat, ftp, p2p file 



		NOTE - The X equal to the propagation delay between UE and Gateway. 

“+x”, Service will be transmitted with RLC UM model;

“+2x”, Service will be transmitted with RLC AM model;







–	Guaranteed Bit Rate (GBR): the bit rate that can be expected to be provided by a GBR bearer.

The configuration of those QoS parameters, allows BMSat to support a wide range of services. In particular, BMSat can support basic conversational service class, rich conversational service class and conversational low delay service class. In addition, BMSat is also able to support the service classes of interactive high delay, interactive low delay, streaming live, streaming non-live and background, which are also given in § 7.1 of Report ITU-R M.2176.

______________
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Attachment:  1


Attachment

Evaluation report by TTA PG707 on the proposed candidate IMT-Advanced satellite radio interface technology based on SAT-OFDM



1	Introduction

This Report is made by TTA PG707 for a satellite IMT-Advanced candidate technology, SATOFDM proposed by Korea.

2	Administrative information of TTA PG707

2.1	Background of TTA PG707

TTA PG707 was re-formed in November 2011 with the following terms of reference:

–	Evaluation on candidate technology for satellite IMT:

–	preparation of evaluation report (TTA Technical Report);

–	submission of evaluation report to ITU-R.

–	Activities as an Independent Evaluation Group:

–	coordination and cooperation with other Evaluation Groups;

–	ITU-R WP 4B and other Evaluation Groups.

–	Study and analysis on evaluation for satellite IMT

TTA PG707 was registered as an IEG for the evaluation of satellite IMT-Advanced candidate technologies in November 2011. TTA PG707 consists of 17 members from 7 organizations including Electronics and Telecommunications Research Institute (ETRI), LG Uplus, KT, SK Telecom, Chonbuk National University and Kunsan University. The participants are manufacturers, service providers, universities and research institutions. The URL for the TTA PG707 is
http://www.tta.or.kr/English/new/standardization/Committee_newEngList_pop.jsp?commit_code=PG707.

This website provides details of TTA PG707 such as term of reference, contact point and our contributions related to the evaluation for the proposed candidate satellite IMT-Advanced technologies.

2.2	Process and method of working by TTA PG707

After the thirty-second ITU-R Working Party 4B meeting, we had four official face-to-face meetings. Through the meetings, we reviewed the self-evaluation report which was submitted by Korean proponent and discussed on the evaluation methods and schedule for developing the evaluation report. The detailed schedule for developing the evaluation report was as following:

–	1 June 2011: 1st call to the participants for the preliminary evaluation;

–	10 August 2012: Development of the initial preliminary evaluation report;

–	30 August 2012: Finalization of the preliminary evaluation report;

–	10 September 2012: Submission of the evaluation report to ITU-R.




The evaluation report is made based on the contributions mainly from one leading member 
and there have been several meetings including e-mail changes to reach the consensus on this report. The leading member has its own simulator and preliminary results were internally presented. We discussed the discrepancy and validity in the results with the self-evaluation of SAT-OFDM because the simulation configurations are similar to those in the self-evaluation of SAT-OFDM. We took the confirmation for the results from the same configuration and when the SAT-OFDM is evaluated in informative evaluation factors, the results are also provided.

In many parts, we follow the simulation configuration presented in the self-evaluation of SATOFDM and we refer many of the self-evaluation results of SAT-OFDM to validate our results.

For the interaction with other evaluation groups, we keep the close relationship with China Evaluation Group (ChEG) by attending the discussion meeting held in Beijing China, August 30 
of 2012. Our evaluation results were presented in the meeting, and we have discussed the discrepancy in the results to reach the consensus on the evaluation report when the simulation configurations are similar. Based on the discussion results, our evaluation results are updated in this Report.

2.3	Contacts for TTA PG707

The following people can be contacted for TTA PG707 regarding administrative and technical issues.

–	Administrative contact details:

–	Dr. Hwang-Jae Rhee (rhee@kcc.go.kr), National Radio Research Agency, Chair of TTA PG707;

–	Dr. Bon-Jun Ku (bjkoo@etri.re.kr), ETRI, Vice Chair of TTA PG707.

3	Technical evaluation results

3.1	Scope of the evaluations

Regarding SAT-OFDM, TTA PG707 performed the evaluations on the FDD RIT based on the documents developed at the thirty-second meeting of ITU-R Working Party 4B in May 2012 (see Annexes 11 and 12 to Document 4B/28).

TTA PG707 has evaluated the SAT-OFDM technology for verifying the minimum requirements of satellite IMT-Advanced described in Report ITU-R M.2176. TTA PG707 has conducted simulation works based on the simulation configuration in the self-evaluation report of SAT-OFDM. Simulation results and assessments by analysis and inspection are included in the final report. Followings in this document provide detailed results of the evaluation.

3.2	Conformance to Report ITU-R M.2176

TTA PG707 performed the evaluations according the evaluation methodologies defined in Report ITUR M.2176. We have no identified additional evaluation methodologies.

3.3	Quality check per Report ITU-R M.2176 of the templates and the self-evaluation

In Document IMT-ADV-SAT/4, WP 4B acknowledges the receipt of the candidate technology submission from Korea. WP 4B has reviewed this candidate submission under the satellite IMTAdvanced process and has determined that the submission is “complete” per Section 8.2 of Report ITU-R M.2176.

TTA PG707 agrees with the WP 4B view and also confirms the submissions “complete” per Section 8.2 of Report ITU-R M.2176.

3.4	Quantitative assessment of SAT-OFDM

3.4.1	Compliance template for Services

		

		Service related minimum capabilities within the RIT/SRIT

		Evaluator’s comments



		3.4.1.1

		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

		See Annex 2 subclause A2.4





3.4.2	Compliance template for Spectrum

		

		Spectrum capability requirements

		Evaluator’s comments



		3.4.2.1

		Spectrum bands

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

Specify in which band(s) the candidate satellite radio interface(s) can be deployed.

		See Annex 2 subclause A2.2





3.4.3	Compliance template for Technical Performance

		Minimum technical requirements items

		Category

		Required value

		Value

		Requirement met?

		Comments



		

		Test environment

		Downlink or uplink

		

		

		

		



		Beam spectral efficiency (bit/s/Hz/beam)

		Open

		Downlink

		1.1

		1.526

		Yes

		See Annex 3 subclause A3.2



		

		

		Uplink

		0.7

		1.525

		Yes

		



		Peak spectral efficiency (bit/s/Hz)

		–

		Downlink

		2.5

		6.06

		Yes

		See Annex 1 subclause A1.1



		

		

		Uplink

		1.25

		2.88

		Yes

		



		Bandwidth

		–

		Up to and including (MHz)

		30

		100

		Yes

		See Annex 2 subclause A2.1



		

		

		Scalability

		N/A

		1.4, 3, 5, 10, 15, 20

		Yes

		



		Beam edge user spectral efficiency[footnoteRef:1] (bit/s/Hz) [1: 	Beam edge user spectral efficiency values of 1.525/1.526 bit/s/Hz for uplink/downlink were calculated as 5% point of the cumulative distribution function of the user throughput divided by the user channel bandwidth. When we assume that spectral efficiency is the user throughput divided by the beam bandwidth, they could be estimated into 0.0610/0.611 bit/s/Hz.] 


		Open



		Downlink

		0.04

		1.526

		Yes

		See Annex 3 subclause A3.2



		

		

		Uplink

		0.015

		1.525

		Yes

		



		Control plane latency (ms)

		N/A

		N/A

		N/A

		50+6TD

9.5+3TD

		N/A

		See Annex 1 subclause A1.2



		User plane latency (ms)

		N/A

		N/A

		N/A

		5+2TD+p×x

		N/A

		



		Mobility

		Open

		N/A

		Stationary,
pedestrian,
vehicular
high speed vehicular,
aeronautical

		Stationary,
pedestrian,
vehicular
high speed vehicular,
aeronautical

		Yes

		See Annex 2 subclause A2.5



		Intra-frequency handover interruption time (ms)

		N/A

		N/A

		N/A

		19.5+2TD

		N/A

		See Annex 1 subclause A1.4



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

		N/A

		N/A

		N/A

		19.5+2TD

		N/A

		



		Inter-frequency handover interruption time between spectrum band (ms)

		N/A

		N/A

		N/A

		19.5+2TD

		N/A

		



		Intersystem handover

		N/A

		N/A

		N/A

		support

		N/A

		See Annex 2 subclause A2.3



		Number of supported VoIP users (active users/ beam/MHz)

		Open

		N/A

		30

		88

		Yes



		See Annex 3 subclause A3.1



		N/A: Not Applicable.

TD: Transmission delay between S-RAN and UE

p: The error probability of the first HARQ retransmission

x: the number of HARQ processes





3.5	Questions and feedback to WP 4B and/or the proponents or other Independent Evaluation Groups

TTA PG707 had participated at a workshop held by SAT-OFDM’s proponent and had discussed with the proponent. In addition, we had a discussion meeting with ChEG at the end of August for the consensus on the evaluation results. We have no further question.

3.6	Conclusion

In this Report, our evaluation results showed that SAT-OFDM meets the minimum requirement of IMT-Advanced technology. Therefore, TTA PG707 confirmed that SAT-OFDM FDD RIT proposed by Korea meets the minimum requirements of satellite IMT-Advanced technology.




4	List of acronyms and abbreviations

		ARQ

BLER

ChEG

		Automatic Repeat request

Block Error Rate

China Evaluation Group



		CRS

		Common Reference Signal



		CSI

		Channel State Information



		CQI

		Channel Quality Indicator



		DL

DRS

		Downlink

Dedicated Reference Signal



		ETRI

		Electronics and Telecommunications Research Institute



		FDD

FEC

GBR

GPS

		Frequency Division Duplexing

Forward Error Correction

Guaranteed Bit Rate

Global Positioning System



		HARQ

HO

		Hybrid-Automatic Repeat reQuest

Handover



		IEG

		Independent Evaluation Group



		IMT

		International Mobile Telecommunications



		ITU-R

		International Telecommunication Union – Radiocommunication Sector 



		WP 4B

L1

		Working Party 4B

Layer 1



		LTE

		Long Term Evolution



		MMSE

		Minimum Mean Square Error



		NAS

PBCH

		Non Access Stratum

Physical Broadcasting Channel



		QAM

QCI

QoS

RA

RACH

		Quadrature Amplitude Modulation

QoS Class Identifier

Quality of Service

Random Access

Random Access Channel



		RIT

		Radio Interface Technology



		RRC

		Radio Resource Control



		SAT-OFDM

		Satellite Orthogonal Frequency Division Multiplexing



		SISO

		Single Input Single Output



		SNR

S-RAN

SRIT

SRS

		Signal-to-Noise Ratio

Satellite Radio Access Network

Set of Radio Interface Technologies

Sound Reference Signal



		TTA

		Telecommunication Technologies Association



		PG

		Project Group 



		UE

		User Equipment



		UL

VoIP

WRC

		Uplink

Voice over Internet Protocol

World Radio Conference





Annex 1

Analytical evaluation results

A1.1	Peak spectral efficiency calculation



		TTA believes that the proponent of SAT-OFDM interpreted the peak spectrum efficiency requirement from ITU-R to refer to the peak rates in the transport block level which takes into account the FEC. 

However, the requirements from ITU-R can be considered to the bit rate available to mobile station on a physical channel in SAT-OFDM interface because ITU-R assumes error-free conditions assignable to a single mobile station. With this definition, the FEC does not enter into the peak-spectral efficiency calculations. Thus, our peak spectral efficiency is not calculated from maximum transport block size, but number of bits in physical layer, i.e., coded bits.



Thus, calculations of the peak spectrum efficiency values are given in the below when the following aspects into account:

· Only static L1 overheads are considered as overhead, i.e., 

· Overheads due PBCH and L1/L2 control signals are not taken into account. 

· Overheads due to SRS and CSI RS are not taken into account.



[Calculation of peak spectrum efficiency]

DL 2 layer spatial multiplexing (SAT-OFDM 10MHz is assumed) :

600 [sub-carrier] * 14 [symbols]* 4 [16QAM] * 2 [spatial multiplexing] * 1 [coding rate] * (1-0.0952-0.00171) 
[CRS + Sync signal] / 0.001 [subframe length] / 10 [MHz] = 6.06 [bps/Hz]



UL 2 layer spatial multiplexing (SAT-OFDM 10MHz is assumed) :

600 [sub-carrier] * 14 [symbols]* 4 [16QAM] * 1 [spatial multiplexing] * 1 [coding rate] * (1-0.143) [DRS] / 0.001 [subframe length]/ 10 [MHz] =2.88  [bps/Hz]





Based on the above evaluation results, it was confirmed that the proposed RIT meets the minimum requirement for peak spectral efficiency which is 2.5 bit/s/Hz for DL and 1.2 bit/s/Hz for UL respectively.




A1.2	Control plane latency calculation

		[bookmark: _Toc241036659]Idle to Connected

Since SAT-OFDM has the same transition steps with terrestrial LTE, the different steps involved in the transition from Idle to Connected mode in SAT-OFDM are depicted on Figure 1 below:

Figure 1

From Idle to Connected mode





Based on GPS-based normal mode operation, the transition time from Idle to Connected mode is (50+TD)ms as summarized in Table 1-A below where TD represents one way transmission delay between UE and satellite RAN. Note that since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total (assuming that that the total delay of steps 11-14 is shorter than or equal to the total delay of steps 7-10…).









Table 1-A

Transition time from Idle to Connected mode in normal mode

		Component

		Description

		Time (ms)



		1

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

		0.5



		2

		RACH Preamble

		1+TD



		3-4

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

		3+TD



		5

		UE Processing Delay (decoding of scheduling grant, timing alignment and CRNTI assignment + L1 encoding of RRC Connection Request)

		5



		6

		Transmission of RRC and NAS Request

		1+TD



		7

		Processing delay in S-RAN (L2 and RRC)

		4



		8

		Transmission of RRC Connection Set-up (and UL grant)

		1+TD



		9

		Processing delay in the UE (L2 and RRC)

		12



		10

		Transmission of RRC Connection Set-up complete

		1+TD



		11

		Processing delay in  S-RAN  (Uu → S1-C)

		



		12

		S1-C Transfer delay

		



		13

		MME Processing Delay (including UE context retrieval of 10ms)

		



		14

		S1-C Transfer delay

		



		15

		Processing delay in  S-RAN  (S1-C → Uu)

		4



		16

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

		1.5+TD



		17

		Processing delay in UE (L2 and RRC)

		16



		

		Total delay

		50+6TD







Based on enhancing mode operation, the transition time from Idle to Connected mode is (59.5+TD) ms as summarized in Table 1-B. Note that since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total (assuming that that the total delay of steps 11-14 is shorter than or equal to the total delay of steps 7-10…).













Table 1-B

Transition time from Idle to Connected mode in enhancing mode

		Component

		Description

		Time (ms)



		1

		Average delay due to RACH scheduling period (10ms RACH cycle)

		5



		2

		RACH Preamble

		6+TD



		3-4

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

		3+TD



		5

		UE Processing Delay (decoding of scheduling grant, timing alignment and CRNTI assignment + L1 encoding of RRC Connection Request)

		5



		6

		Transmission of RRC and NAS Request

		1+TD



		7

		Processing delay in  S-RAN  (L2 and RRC)

		4



		8

		Transmission of RRC Connection Set-up (and UL grant)

		1+TD



		9

		Processing delay in the UE (L2 and RRC)

		12



		10

		Transmission of RRC Connection Set-up complete

		1+TD



		11

		Processing delay in  S-RAN  (Uu → S1-C)

		



		12

		S1-C Transfer delay

		



		13

		MME Processing Delay (including UE context retrieval of 10ms)

		



		14

		S1-C Transfer delay

		



		15

		Processing delay in  S-RAN  (S1-C → Uu)

		4



		16

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

		1.5+TD



		17

		Processing delay in UE (L2 and RRC)

		16



		

		Total delay

		59.5+6TD









Assuming the distance between the UE located at an elevation angle of 40o and a Geo-stationary orbit satellite, the TD is 251.85 ms. Considering the additional assumption of 1 ms processing delay at a transparent satellite, the transitions time from Idle to Connected mode are 1567.1 ms and 1576.6 ms, respectively.

[bookmark: _Toc241036660]

16.2.2	Dormant to Active

As an example, the different steps involved in the transition from a Dormant to an Active state when the UE is already synchronised are depicted on Figure 2 below:











Figure 2

Dormant to Active transition for synchronised UE







The transition time from a Dormant to an Active state when the UE is already synchronised is (9.5+3TD) ms as summarized in Table 2 below. 

Table 2

Dormant to Active transition for synchronized UE

		Component

		Description

		Time [ms]



		1

		Average delay to next SR opportunity (1ms PUCCH cycle)

		0.5



		2

		UE sends Scheduling Request

		1+TD



		3

		S-RAN  decodes Scheduling Request and generates the Scheduling Grant

		3



		4

		Transmission of Scheduling Grant

		1+TD



		5

		UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)

		3



		6

		Transmission of UL data

		1+TD



		

		Total delay

		9.5+3TD







Assuming the distance between the UE located at an elevation angle of 40o and a Geo-stationary orbit satellite, the TD is 251.85 ms. Considering the additional assumption of 1ms processing delay at a transparent satellite, the transitions time  from a Dormant to an Active state when the UE is already synchronised is 768.05 ms.





Based on the above evaluation results, it was confirmed that the proposed RIT meets the control plane latency of less than 1 600 ms at the distance between the UE located at an elevation angle of 40o and a transparent geostationary orbit satellite.




A1.3	User plane latency calculation

		[bookmark: _Toc241036661]U-Plane latency

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

	DUP [ms] = 1.5 + 1 + 1.5+TD+1+ n*x = 5 +TD+ n*x,

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

	DUP,typical [ms] = 5 +TD+ p*x,

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

DUP,0%HARQ_BLER [ms] = 5 +TD	(0% HARQ BLER)

DUP,10%HARQ_BLER [ms] = 5 +TD+ 0.1*x	(10% HARQ BLER)

[bookmark: _Ref224641325]Figure 3

User plane latency components







Assuming the distance between the UE located at an elevation angle of 40o and a geostationary orbit satellite, the TD is 251.85 ms. Considering the additional assumption of 1ms processing delay at a transparent satellite and no HARQ processes, one-way U-plane latency for 0% BLER is 256.85 ms.





Based on the above evaluation results, it was confirmed that the proposed RIT meets user plane latency of less than 400 ms at the distance between the UE located at an elevation angle of 40o and a transparent geostationary orbit satellite.




A1.4	Intra- and inter-frequency handover interruption time derivation

		[bookmark: _Toc241036670]Handover Performance

The generic handover procedure of SAT-OFDM builds upon the one developed for terrestrial LTE and is shown in Figure 4 below:

Figure 4

U-Plane interruption in LTE-Advanced

[image: ]



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

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

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

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

In total, the interruption time in GPS based normal mode is (10.5+2TD)ms as summarized in Table 3-A below. Note that this delay does not depend on the frequency of the target as long as the beam has already been measured by the UE, which is a typical scenario.













Table 3-A

U-Plane interruption in normal mode

		Component

		Description

		Time [ms]



		1

		Radio Synchronisation to the target cell

		1



		2

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

		0.5



		3

		RACH Preamble

		1+TD



		4-5

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

		5+TD



		6

		Decoding of scheduling grant and timing alignment

		2



		7

		Transmission of DL Data

		1



		

		Total delay

		10.5+2TD





The interruption time in GPS based normal mode is (19.5+2TD)ms as summarized in Table 3-B below.

Table 3-b

U-Plane interruption in enhancing mode

		Component

		Description

		Time [ms]



		1

		Radio Synchronisation to the target cell

		1



		2

		Average delay due to RACH scheduling period (10ms periodicity)

		5



		3

		RACH Preamble

		6+TD



		4-5

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

		5+TD



		6

		Decoding of scheduling grant and timing alignment

		2



		7

		Transmission of DL Data

		1



		

		Total delay

		19.5+2TD







Assuming the distance between the UE located at an elevation angle of 40o and a Geo-stationary orbit satellite, the TD is 251.85 ms. Considering the additional assumption of 1ms processing delay at a transparent satellite, the interruption time are 514.2 ms and 523.2 ms in normal and enhancing modes, respectively.





Based on the above evaluation results, it was confirmed that the proposed RIT meets intra- and inter-frequency handover interruption time of less than 550 ms at the distance between the UE located at an elevation angle of 40o and a transparent geostationary orbit satellite.


Annex 2

Inspection evaluation results

A2.1	Bandwidth and channel bandwidth scalability



		Channel bandwidth scalability

One component carrier in SAT-OFDM supports a scalable bandwidth, 1.4, 3, 5, 10, 15 and 20 MHz. By aggregating multiple component carriers, transmission bandwidths up to at least 100 MHz are supported to provide the highest data rates. Component carriers can be either contiguous or non-contiguous in the frequency domain. The number of component carriers transmitted and/or received by a mobile terminal can vary over time depending on the instantaneous data rate.





Based on the above evaluation results, it was confirmed by inspection that the proposed RIT supports up to and including 30 MHz bandwidth by using aggregating 10 MHz and 20 MHz component carriers. And it was also confirmed by inspection that the proposed RIT supports the following bandwidths, 1.4, 3, 5, 10, 15 and 20 MHz.

A2.2	Deployment in satellite IMT bands



		The frequency bands supported by the RIT

The following frequency band is currently mentioned by the proponent. The 2 GHz frequency band is identified for the use by the satellite component of IMT through provisions of No. 5.388 and Resolution 212 (Rev.WRC-07).

Table 4

U-Plane interruption in enhancing mode

		IMT Band

		Uplink (UL) operating band
BS receive/UE transmit

		Downlink (DL) operating band
BS transmit /UE receive



		1

		1 980 MHz

		–

		2 010 MHz

		2 170 MHz

		–

		2 200 MHz











Based on the above evaluation results, it was confirmed by inspection that the proposed RIT supports deployment in one of bands identified for satellite IMT in ITU-R Radio Regulations and meets the spectrum capability requirements.

A2.3	Inter-system handover



		The handover mechanisms and procedures 

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

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

U-plane data forwarding is supported in both Inter-System and Intra-System handover to realize a lossless handover.

For intra-system handover, the mechanisms and procedures are the same for handover within each RIT.





Based on the above evaluation results, it was confirmed by inspection that the proposed RIT supports inter-system handover to and from other IMT-Advanced and IMT systems.

A2.4	Support of a wide range of services



		[bookmark: _Toc241036677]Services

The Quality of Service (QoS) framework of SAT-OFDM builds upon the one developed for terrestrial LTE and therefore allows the support of a wide range of services. In SAT-OFDM, a bearer is the level of granularity for QoS control. Each bearer can be associated with several QoS parameters, e.g.:

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

Table 5

QCI Example (SAT-OFDM)

		QCI

		Type

		Packet Delay Budget

		Packet Error Loss Rate

		Example Services



		1

		GBR

		(80+TD) ms

		10-2

		Conversational Voice



		2

		

		(130+TD) ms

		10-3

		Conversational Video (Live Streaming)



		3

		

		(30+TD) ms

		10-3

		Short delay interactive applications



		4

		

		(280+n×TD) ms

		10-6

		Non-Conversational Video (Buffered Streaming)



		5

		Non-GBR

		(80+n×TD) ms

		10-6

		IMS Signalling



		6

		

		
(280+n×TD) ms

		
10-6

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



		7

		

		
(80+n×TD) ms

		
10-3

		Voice,
Video (Live Streaming)
Interactive Gaming



		8

		

		
(280+n×TD) ms

		

10-6

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





Note: “+TD”: in case where retransmission is not considered.

          “+n×TD”: in case where (n-1) retransmissions are considered.



-	Guaranteed Bit Rate (GBR): the bit rate that can be expected to be provided by a GBR bearer, 

The configuration of those QoS parameters, allows SAT-OFDM to support a wide range of services. In particular, SATOFDM can support basic conversational service class, rich conversational service class and conversational low delay service class. In addition, SAT-OFDM is also able to support the service classes of interactive high delay, interactive low delay, streaming live, streaming non-live and background, which are also given in § 7.4.4 of Report ITU-R M.2135, under the consideration of satellite-specific transmission delay.





Based on the above information provided by the proponent, it was confirmed by inspection that the proposed RIT meets the requirements for the service related minimum capabilities (support of a wide range service, ability to support basic conversational service class, support of rich conversational service class and support of conversational low delay service class).




A2.5	Mobility



		Mobility

Text below is extracted from Section 3.2 of Annex 12 to Document 4B/28. 

The mobile earth station is also named User Equipment (UE). The UE can be of several types:

3G standardised handset: the use in satellite environment requires adaptation for frequency agility to the MSS band. The basic assumption is UE power class 1, 2 and 3, equipped with standard omni-directional antenna.

Portable: the portable configuration is built with a notebook PC to which an external antenna is appended.

Vehicular: the vehicular configuration is obtained by mounting an RF module on car roof connected to the UE in the cockpit.

Transportable: the transportable configuration is built with a notebook which cover contains flat patch antennas (manually pointed towards the satellite).

Aeronautical: aeronautical configuration is built by mounting an antenna on top of the fuselage.

Figure 5

UE configuration

[image: ]



The power and gain characteristics for four UE configurations are summarised in Table 5.

Table 6

UE maximum transmit power, antenna gain and e.i.r.p.

		UE type

		Maximum transmit power

		Reference antenna gain (see Note 1)

		Maximum e.i.r.p.

		Systtem temp.

		G/T



		3G Handset 

		

		

		

		

		



		Class 1

		2W (33 dBm)

		0 dBi

		3 dBW

		290 K

		–24,6 dB/K



		Class 2

		500 mW (27 dBm)

		

		–3 dBW

		

		



		Class 3

		250 mW (24 dBm)

		

		–6 dBW

		

		



		Portable

		2 W (33 dBm)

		2 dBi

		5 dBW

		200 K

		–21 dB/K



		Vehicular

		8 W (39 dBm)

		4 dBi

		13 dBW

		250 K

		–20 dB/K



		Transportable

		2 W (33 dBm)

		14 dBi

		17 dBW

		200 K

		–9 dB/K











Based on the above evaluation results, it was confirmed by inspection that the proposed RIT could meet the service classes of mobility such as stationary, pedestrian and vehicular, high-speed vehicular and aeronautical in open environment.


Annex 3

Simulation evaluation results

A3.1	Simulation configurations

Detailed simulation configurations are described as follows. As a scheduling scheme for downlink and uplink, we consider round robin scheduling which is one of the oldest, simplest, fairest and most widely used scheduling algorithms.

Table 7

Basic evaluation configuration parameters

		Item

		SAT-OFDM Simulation Configuration



		Deployment scenario

		–	Open

–	Parameters and assumptions not shown here for each scenario are shown in Report ITU-R M.2176.



		Duplex method and bandwidths

		FDD: 5(Up) + 5(Down) MHz



		Frequency reuse plan

		Reuse factor 6



		Number of beams

		20



		Network synchronization

		Synchronized



		Downlink transmission scheme 

		SISO



		Downlink scheduler

		For baseline transmission scheme (LTE Rel-8): 

–    Round robin scheduling



		Downlink link adaptation

		Non-ideal based on non-ideal CQI reports and/or non-ideal sounding transmission, reporting mode and period selected according to scheduler; reporting delay and MCS based on LTE transport formats according to LTE Rel-8.



		Downlink HARQ scheme

		–    Incremental redundancy or Chase combining

–    None for VoIP traffic



		Downlink receiver type

		MMSE



		Uplink transmission scheme

		SISO



		Uplink scheduler

		Round robin scheduling



		Uplink power control

		None  (allocate full power)



		Uplink link adaptation

		Non-ideal based on delayed SRS-based measurements: MCS based on LTE transport formats and SRS period and bandwidths according to LTE Rel-8



		Uplink HARQ scheme

		–    Incremental redundancy or Chase combining

–    None for VoIP traffic



		Uplink receiver type

		MMSE



		Antenna configuration
base station

		Recommendation ITU-R S.672-4

1 Tx, 1 Rx



		Antenna configuration  UE

		Omnidirectional 1 Tx, 1 Rx



		Satellite transmit power

		23 dBW for 5 MHz



		User terminal transmit power

		–6 dBW, –3 dBW, 3 dBW, 9 dBW



		Channel estimation

(Uplink and downlink)

		Non-ideal 
(consider estimation errors both for demodulation reference signals and sounding reference signals)



		Feedback and control channel errors

		None



		HARQ/ARQ interaction

		HARQ/ARQ interaction scheme for full buffer traffic



		MAC/RLC header overhead

		Assume minimum size of specification





Table 8

Additional parameters for system simulation

		Item

		SAT-OFDM Simulation Configuration



		Layout

		Hexagonal grid



		Inter-site distance

		180 km



		Channel model

		Open model



		User distribution

		Randomly and uniformly distributed over area. 100% of users outdoors



		User mobility model

		Fixed and identical speed of all UEs randomly and uniformly distributed direction



		UT speed of interest

		3 km/h



		Inter-site interference modeling

		Explicitly modeled



		Satellite system noise temperature 

		450



		UT system noise temperature

		–    290 for handheld and portable UEs

–    250 for vehicular UEs

–    200 for transportable UEs



		Satellite antenna gain (max)

		51



		UE antenna gain

		0/2/4/14



		Thermal noise level

		–174 dBm/Hz








Table 9

Additional parameters for assessment of beam spectral efficiency and edge user efficiency

		Item

		SAT-OFDM Simulation Configuration



		Evaluated service profile

		Full buffer best effort



		Simulation bandwidth

		5 MHz (downlink)/ 5 MHz (Uplink)



		Number of users per beam

		50



		Evaluated service profile

		VoIP



		Simulation bandwidth

		5 + 5 MHz



		Simulation time span for a single drop

		20 s





A3.2	Simulation results

For each simulation configuration, two results are 1) TTA PG707 simulation result and 
2) ITU-R requirements from top-to-bottom.

For the full buffer simulation in the open environment, we have obtained the following results:



		

		Downlink

		Uplink



		

		H3

		H2

		H1

		P

		V

		T

		H3

		H2

		H1

		P

		V

		T



		Cell spectral efficiency
(bps/Hz/Secto)

		TTA PG707

		1.524 

		1.524 

		1.524 

		1.526 

		1.526

		1.526

		0.134 

		0.360

		0.703 

		1.262 

		1.471

		1.471



		

		ITU-R Req.

		1.1

		0.7



		Cell edge-user spectral efficiency
(bps/Hz/Use)

		TTA PG707

		1.502 

		1.502 

		1.502 

		1.526 

		1.526

		1.526

		0.057 

		0.171 

		0.666 

		0.920 

		1.471

		1.471



		

		ITU-R Req

		0.04

		0.015





We have obtained the following results for the VoIP simulation in the open environment.



		

		Downlink

		Uplink



		

		H3

		H2

		H1

		P

		V

		T

		H3

		H2

		H1

		P

		V

		T



		VoIP capacity 
(Users/Sector/MHz)

		TTA PG707

		5 

		9 

		40 

		48 

		88

		88

		5 

		9 

		40 

		48 

		88

		88



		

		ITU-R Req.

		30

		30
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