March, 1994	      DOC: IEEE P802.11-94/xxx
July, 2014                                                 	              doc.:IEEE15-14-0414-02-003d

IEEE P802.15
Wireless Personal Area Networks

	Project
	IEEE P802.15 Working Group for Wireless Personal Area Networks (WPANs)

	Title
	TG3d Technical Requirements Document for close proximity point-to-point (P2P) millimeter wave system

	Date Submitted
	July 14, 2014

	Source
	Kiyoshi Toshimitsu
	E-mail: kiyoshi.toshimitsu@toshiba.co.jp 

	Re:
	

	Abstract
	TG3d System Requirements to be developed

	Purpose
	Supporting document for the development of the amendment 3d of IEEE 802.15.3

	Notice
	This document has been prepared to assist the IEEE P802.15.  It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s). The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor acknowledges and accepts that this contribution becomes the property of IEEE and may be made publicly available by P802.15.

















	List of contributors

	Kiyoshi Toshimitsu
	Toshiba Corporation

	Ichiro Seto
	Toshiba Corporation

	Ken Hiraga
	NTT Corporation

	Keiji Akiyama
	Sony Corporation

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Table of Contents
1.	Definitions:	4
2.	General Guidelines [1]	4
3.	Introduction	7
4.	Protocol Reference Model	7
5.	Use Case Summary	7
6.	TRD Summary	7
7.	Topology	7
8.	Data Rates	7
9.	Operational Frequency Bands	7
10.	Coexistence/Protection Existing Services and Other Use Cases	8
11.	Regulatory requirements	8
12.	Transmission range	8
13.	Antenna gain and required alignment accuracy	8
14.	Channel models	8
15.	Link budget and SNR analysis	8
16.	Size, Weight and Power	9
17.	Media access mechanism	9
17.1	Multiband operation	9
17.2	Half-duplex opration	9
17.3	“Touch and Get” operation	10
18.	Security mechanism	10
19.	I/O Interfaces and Memory Buffer Considerations	10
20.	Fast connection setup scheme	10
21.	References	11


[bookmark: _Toc308600288][bookmark: _Toc367096789][bookmark: _Toc390334367][bookmark: OLE_LINK1]

1. Definitions:

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2. [bookmark: _Toc390334368]General Guidelines [1]

This technical requirements document (TRD) describes the technical aspects that TG3d standard must fulfill, such as performance-related issues, reliability issues and availability issues. These types of requirements are often called quality of service (QoS) requirements; other requirements are usually maintenance-level requirements or external constraints, sometimes called compliance. Technical requirements are summarized as any other specifications; they have a name and a unique identifier. Technical requirements are documented in the same manner as any specifications, including a description, an example, a source or references to related technical requirements and a revision history.
TG3d needs to effectively define and manage requirements to ensure they are meeting needs of the applications, while proving compliance.

Ideally, requirements are: 

• Correct (technically and legally possible) 
• Complete (express a whole idea or statement) 
• Clear (unambiguous and not confusing) 
• Consistent (not in conflict with other requirements) 
• Verifiable (it can be determined that the system meets the requirement) 
• Traceable (uniquely identified and trackable) 
• Feasible (can be accomplished within cost and schedule) 
• Modular (can be changed without excessive impact) 
• Design-independent (does not pose a specific solution on design) 

Each requirement must first form a complete sentence, containing a subject and a predicate. These sentences must consistently use the verb “shall”, “will” or “must” to show the requirement's mandatory nature, and “should” or “may” to show that the requirement is optional. The whole requirement specifies a desired end goal or result and contains a success criterion or other measurable indication of the quality. 

The TRD needs to capture these levels of user requirements, maintaining intelligent traceability and change impact analysis between them. 

Typical constraint requirements can specify: 

• Performance 
• Interfaces 
• Security 
• Safety 
• Reliability 
• Availability 
• Maintainability 

An efficient way of writing better requirements is to ensure they are clearly mapped to test cases. Making sure each requirement is clearly verifiable from the start, not only helps prepare later phases of the project, it also puts the developer in the correct state of mind. Requirements and their associated tests must also indicate what the system should not do, and what happens at the limits (degraded mode). 
This rule also applies for compliance requirements: indicating how they shall be tested is a good way to write better requirements.

The TRD needs to implement a reliable and repeatable change control process that helps turn this challenge into an opportunity. 

By providing examples and counter-examples of good requirements and documents, IEEE can enhance the quality, consistency, and completeness of the requirements. These can originally be templates, industry standards and rules inside a repository, such as the IEEE server. 

Requirement typical sentence construction

Defects to avoid:

· Vagueness
· Weakness
· Over specification
· Subjectivity
· Multiplicity 
· Unclear meaning 
· Implicit meaning

Some words to be used with caution:

“adequate”, “applicable”, “appropriate”, “approximate”, “bad”, “best practice”, “between”, “clearly”, “compatible”, “completely”, “consider”, “could”, “down to”, “easy/easily”, “effective”, “efficient”, “equivalent”, “excellent”, “good”, “his/her”, “however”, “ideal”, “etc”, “in order to”, “include but shall not be limited to”, “least”, “like”, “low”, “maximise”, “may”, “most”, “minimum/mal”, “must”, “nearly”, “necessary”, “needed”, “normal”, “or”, “possible/bly“, “practicable”, “provide”, “quality”, “readily”, “relevant”, “safe/ly“, “same”, “should”, “significant”, “similar”, “so as”, “subject to”, “substantial”, “sufficient”, “suitable”, “support”, “target”, “typical”, “up to”, “user friendly”, “whether”, “will”, “with”, “worse”.

3. [bookmark: _Toc210446396][bookmark: _Toc390334369]
Introduction
This document provides the technical contents of the project to develop the amendment 3d to IEEE 802.15.3 to enable data rates of 100 Gbps for point-to-point (P2P) system whose topology is always limited to two active devices according to the PAR and CSD of this project [2,3]. This document will provide guidance on how to respond to a call for proposals. 

4. [bookmark: _Toc308600290][bookmark: _Toc367096791][bookmark: _Toc378238035][bookmark: _Toc390334370]Protocol Reference Model
The communication protocol reference model used for this document is shown in Figure 1. 

[image: ]Figure 1: Reference partitioning



5. Use Case Summary
[bookmark: _Toc233775551][bookmark: _Toc233775637][bookmark: _Toc233775552][bookmark: _Toc233775638][bookmark: _Toc233775553][bookmark: _Toc233775639][bookmark: _Toc73288828]The use cases and applications with performance and functional requirements are described in the Applications Requirements Document (ARD) [4].

6. [bookmark: _Toc308600302][bookmark: _Toc367096806][bookmark: _Toc378238050][bookmark: _Toc390334372]TRD Summary
(Abstracts of chapter 7 and thereafter will be written here.)

7. [bookmark: _Toc390334373][bookmark: _Toc390334374][bookmark: _Toc308600303][bookmark: _Toc367096807][bookmark: _Toc378238051][bookmark: _Toc390334375]Topology
Topology is required to be limited to Point-to-Point (P2P).

8. [bookmark: _Toc233775137][bookmark: _Toc233775228][bookmark: _Toc233775562][bookmark: _Toc233775645][bookmark: _Toc321726283][bookmark: _Toc321727015][bookmark: _Toc332278430][bookmark: _Toc341615431][bookmark: _Toc341615607][bookmark: _Toc341615783][bookmark: _Toc341615959][bookmark: _Toc341616137][bookmark: _Toc341620390][bookmark: _Toc341620582][bookmark: _Toc341620774][bookmark: _Toc341620967][bookmark: _Toc341621168][bookmark: _Toc341621369][bookmark: _Toc341621568][bookmark: _Toc341621767][bookmark: _Toc341621967][bookmark: _Toc341622168][bookmark: _Toc343679502][bookmark: _Toc343681016][bookmark: _Toc343681275][bookmark: _Toc351634680][bookmark: _Toc351634900][bookmark: _Toc351636859][bookmark: _Toc351637075][bookmark: _Toc361234440][bookmark: _Toc367096808][bookmark: _Toc367120905][bookmark: _Toc368853454][bookmark: _Toc368853669][bookmark: _Toc378237119][bookmark: _Toc378237522][bookmark: _Toc378237757][bookmark: _Toc378238052][bookmark: _Toc390334376][bookmark: _Toc73288829]Data Rates
Data rates are described in the Applications Requirements Document (ARD) [4].
[bookmark: _Toc321726284][bookmark: _Toc321727016][bookmark: _Toc332278431][bookmark: _Toc341615432][bookmark: _Toc341615608][bookmark: _Toc341615784][bookmark: _Toc341615960][bookmark: _Toc341616138][bookmark: _Toc341620391][bookmark: _Toc341620583][bookmark: _Toc341620775][bookmark: _Toc341620968][bookmark: _Toc341621169][bookmark: _Toc341621370][bookmark: _Toc341621569][bookmark: _Toc341621768][bookmark: _Toc341621968][bookmark: _Toc341622169][bookmark: _Toc343679503][bookmark: _Toc343681017][bookmark: _Toc343681276][bookmark: _Toc351634681][bookmark: _Toc351634901][bookmark: _Toc351636860][bookmark: _Toc351637076][bookmark: _Toc361234441][bookmark: _Toc367096809][bookmark: _Toc367120906][bookmark: _Toc368853455][bookmark: _Toc368853670][bookmark: _Toc378237120][bookmark: _Toc378237523][bookmark: _Toc378237758][bookmark: _Toc378238053][bookmark: _Toc387807607][bookmark: _Toc387883792]
9. [bookmark: _Toc390334377]Operational Frequency Bands
[bookmark: _Toc321726292][bookmark: _Toc321727024][bookmark: _Toc332278439][bookmark: _Toc341615442][bookmark: _Toc341615618][bookmark: _Toc341615794][bookmark: _Toc341615970][bookmark: _Toc341616148][bookmark: _Toc341620401][bookmark: _Toc341620593][bookmark: _Toc341620785][bookmark: _Toc341620978][bookmark: _Toc341621179][bookmark: _Toc341621380][bookmark: _Toc341621579][bookmark: _Toc341621778][bookmark: _Toc341621978][bookmark: _Toc341622179][bookmark: _Toc343679513][bookmark: _Toc343681027][bookmark: _Toc343681286][bookmark: _Toc351634692][bookmark: _Toc351634912][bookmark: _Toc351636871][bookmark: _Toc351637087][bookmark: _Toc361234452][bookmark: _Toc367096822][bookmark: _Toc367120919][bookmark: _Toc368853468][bookmark: _Toc368853683][bookmark: _Toc378237134][bookmark: _Toc378237537][bookmark: _Toc378237772][bookmark: _Toc378238067][bookmark: _Toc387807609][bookmark: _Toc387883794]The system uses the 60 GHz unlicensed band. The channel plan is the same as that of IEEE802.15.3c.  Ch2 and Ch3 in this band are designated as unlicensed bands in many countries. Hence the system shall support the use of these two channels.

10. [bookmark: _Toc390334378]Coexistence/protection with existing services and other use cases
[bookmark: _Toc321726300][bookmark: _Toc321727032][bookmark: _Toc332278447][bookmark: _Toc341615452][bookmark: _Toc341615628][bookmark: _Toc341615804][bookmark: _Toc341615980][bookmark: _Toc341616158][bookmark: _Toc341620411][bookmark: _Toc341620603][bookmark: _Toc341620795][bookmark: _Toc341620988][bookmark: _Toc341621189][bookmark: _Toc341621390][bookmark: _Toc341621589][bookmark: _Toc341621788][bookmark: _Toc341621988][bookmark: _Toc341622189][bookmark: _Toc343679523][bookmark: _Toc343681037][bookmark: _Toc343681296][bookmark: _Toc351634703][bookmark: _Toc351634923][bookmark: _Toc351636882][bookmark: _Toc351637098][bookmark: _Toc361234463][bookmark: _Toc367096833][bookmark: _Toc367120930][bookmark: _Toc368853479][bookmark: _Toc368853694][bookmark: _Toc378237147][bookmark: _Toc378237550][bookmark: _Toc378237785][bookmark: _Toc378238080][bookmark: _Toc387807611][bookmark: _Toc387883796][bookmark: _Toc332278455][bookmark: _Toc341615462][bookmark: _Toc341615638][bookmark: _Toc341615814][bookmark: _Toc341615990][bookmark: _Toc341616168][bookmark: _Toc341620421][bookmark: _Toc341620613][bookmark: _Toc341620805][bookmark: _Toc341620998][bookmark: _Toc341621199][bookmark: _Toc341621400][bookmark: _Toc341621599][bookmark: _Toc341621798][bookmark: _Toc341621998][bookmark: _Toc341622199][bookmark: _Toc343679533][bookmark: _Toc343681050][bookmark: _Toc343681309][bookmark: _Toc351634717][bookmark: _Toc351634937][bookmark: _Toc351636895][bookmark: _Toc351637111][bookmark: _Toc361234476][bookmark: _Toc367096846][bookmark: _Toc367120943][bookmark: _Toc368853492][bookmark: _Toc368853707][bookmark: _Toc378237160][bookmark: _Toc378237563][bookmark: _Toc378237798][bookmark: _Toc378238093][bookmark: _Toc387807613]As for the close proximity P2P system, the individual proposers shall consider coexistence with the following wireless devices: IEEE802.15.3c, IEEE802.11ad, Wireless HD, millimeter wave analog broadcasting systems, and millimeter wave vehicular radars. By guaranteeing the maximum transmission range of this close proximity P2P system, it can coexist with those existing services.  

11. [bookmark: _Toc390334379]Regulatory requirements
[bookmark: _Toc387883798][bookmark: _Toc387883799][bookmark: _Toc387883800][bookmark: _Toc387883801][bookmark: _Toc387883802][bookmark: _Toc387883803][bookmark: _Toc387883804]The output RF power and other regulations in each country allowing the use of the unlicensed 60 GHz band shall be followed.

12. [bookmark: _Toc390334380]Transmission range
The maximum transmission range should be set to a value is 50 mm [TBD].
[bookmark: _Toc61788922][bookmark: _Toc61789204][bookmark: _Toc61789485][bookmark: _Toc61789766][bookmark: _Toc61790047][bookmark: _Toc61790328][bookmark: _Toc61790607][bookmark: _Toc61790888]
13. [bookmark: _Toc308600309][bookmark: _Toc378238133][bookmark: _Toc390334381]Antenna gain and required alignment accuracy
These items are out of scope on this document since they are implementation dependent.

14. [bookmark: _Toc390334382]Channel models
[bookmark: _Toc233775556][bookmark: _Toc233775642]Concerning the usage model of close proximity P2P wireless communications, the channel is assumed to be line-of-sight propagation in millimeter wave, 60 GHz band. 
Generally, TSV model is introduced in millimeter wave PAN/LAN systems in IEEE802.15.3c and IEEE802.11ad. For proximity communications usage, reflections are observed inside terminals and at surface of terminals, etc. The channel model shall be modified to represent such propagation mechanisms.    

The channel model shall apply at least one of the several kinds of propagation depending on the antenna configurations. 

The channel models are described in the Channel Modeling Document [5].

15. [bookmark: _Toc308600311][bookmark: _Toc378238184][bookmark: _Toc390334383]Link budget and SNR analysis
The usage model is assumed to be P2P communication under line-of-sight propagation in millimeter wave of 60 GHz band. The propagation loss is based on free-space communication under far field, including no obstacles except for terminal cases. Coding gain and target packet error rate would be determined depending on PHY and protocol technologies. The reference table below contains useful information in regards to link budget calculations.

The proposer shall show evidence that the system meets the requirement in section 12 (Transmission Range). For example, the proposer may show the maximum transmission range by system margin being below 0 dB at that range. 

Example Link Budget:



16. [bookmark: _Toc390334384]Size, Weight and Power
[bookmark: _Toc321726360][bookmark: _Toc321727092][bookmark: _Toc332278518][bookmark: _Toc341615542][bookmark: _Toc341615719][bookmark: _Toc341615895][bookmark: _Toc341616071][bookmark: _Toc341616250][bookmark: _Toc341620504][bookmark: _Toc341620696][bookmark: _Toc341620888][bookmark: _Toc341621090][bookmark: _Toc341621291][bookmark: _Toc341621490][bookmark: _Toc341621689][bookmark: _Toc341621888][bookmark: _Toc341622089][bookmark: _Toc341622287][bookmark: _Toc343679621][bookmark: _Toc343681138][bookmark: _Toc343681397][bookmark: _Toc351634813][bookmark: _Toc351635033][bookmark: _Toc351636990][bookmark: _Toc351637206][bookmark: _Toc361234571][bookmark: _Toc367096941][bookmark: _Toc367121038][bookmark: _Toc368853584][bookmark: _Toc368853799][bookmark: _Toc378237252][bookmark: _Toc378237655][bookmark: _Toc378237890][bookmark: _Toc378238185][bookmark: _Toc387807634][bookmark: _Toc387883821][bookmark: _Toc321726362][bookmark: _Toc321727094][bookmark: _Toc332278520][bookmark: _Toc341615544][bookmark: _Toc341615721][bookmark: _Toc341615897][bookmark: _Toc341616073][bookmark: _Toc341616252][bookmark: _Toc341620506][bookmark: _Toc341620698][bookmark: _Toc341620890][bookmark: _Toc341621092][bookmark: _Toc341621293][bookmark: _Toc341621492][bookmark: _Toc341621691][bookmark: _Toc341621890][bookmark: _Toc341622091][bookmark: _Toc341622289][bookmark: _Toc343679623][bookmark: _Toc343681140][bookmark: _Toc343681399][bookmark: _Toc351634815][bookmark: _Toc351635035][bookmark: _Toc61788971][bookmark: _Toc61789253][bookmark: _Toc61789534][bookmark: _Toc61789815][bookmark: _Toc61790096][bookmark: _Toc61790377][bookmark: _Toc61790656][bookmark: _Toc61790937][bookmark: _Toc61788997][bookmark: _Toc61789279][bookmark: _Toc61789560][bookmark: _Toc61789841][bookmark: _Toc61790122][bookmark: _Toc61790403][bookmark: _Toc61790682][bookmark: _Toc61790963][bookmark: _Toc61789000][bookmark: _Toc61789282][bookmark: _Toc61789563][bookmark: _Toc61789844][bookmark: _Toc61790125][bookmark: _Toc61790406][bookmark: _Toc61790685][bookmark: _Toc61790966][bookmark: _Toc61789011][bookmark: _Toc61789293][bookmark: _Toc61789574][bookmark: _Toc61789855][bookmark: _Toc61790136][bookmark: _Toc61790417][bookmark: _Toc61790696][bookmark: _Toc61790977][bookmark: _Toc61789031][bookmark: _Toc61789313][bookmark: _Toc61789594][bookmark: _Toc61789875][bookmark: _Toc61790156][bookmark: _Toc61790437][bookmark: _Toc61790716][bookmark: _Toc61790997][bookmark: _Toc61789033][bookmark: _Toc61789315][bookmark: _Toc61789596][bookmark: _Toc61789877][bookmark: _Toc61790158][bookmark: _Toc61790439][bookmark: _Toc61790718][bookmark: _Toc61790999][bookmark: _Toc61789035][bookmark: _Toc61789317][bookmark: _Toc61789598][bookmark: _Toc61789879][bookmark: _Toc61790160][bookmark: _Toc61790441][bookmark: _Toc61790720][bookmark: _Toc61791001][bookmark: _Toc61789036][bookmark: _Toc61789318][bookmark: _Toc61789599][bookmark: _Toc61789880][bookmark: _Toc61790161][bookmark: _Toc61790442][bookmark: _Toc61790721][bookmark: _Toc61791002][bookmark: _Toc61789055][bookmark: _Toc61789337][bookmark: _Toc61789618][bookmark: _Toc61789899][bookmark: _Toc61790180][bookmark: _Toc61790461][bookmark: _Toc61790740][bookmark: _Toc61791021][bookmark: _Toc61789056][bookmark: _Toc61789338][bookmark: _Toc61789619][bookmark: _Toc61789900][bookmark: _Toc61790181][bookmark: _Toc61790462][bookmark: _Toc61790741][bookmark: _Toc61791022][bookmark: _Toc61789087][bookmark: _Toc61789369][bookmark: _Toc61789650][bookmark: _Toc61789931][bookmark: _Toc61790212][bookmark: _Toc61790493][bookmark: _Toc61790772][bookmark: _Toc61791053][bookmark: _Toc61789089][bookmark: _Toc61789371][bookmark: _Toc61789652][bookmark: _Toc61789933][bookmark: _Toc61790214][bookmark: _Toc61790495][bookmark: _Toc61790774][bookmark: _Toc61791055][bookmark: _Toc61789090][bookmark: _Toc61789372][bookmark: _Toc61789653][bookmark: _Toc61789934][bookmark: _Toc61790215][bookmark: _Toc61790496][bookmark: _Toc61790775][bookmark: _Toc61791056][bookmark: _Toc61789091][bookmark: _Toc61789373][bookmark: _Toc61789654][bookmark: _Toc61789935][bookmark: _Toc61790216][bookmark: _Toc61790497][bookmark: _Toc61790776][bookmark: _Toc61791057][bookmark: _Toc61789092][bookmark: _Toc61789374][bookmark: _Toc61789655][bookmark: _Toc61789936][bookmark: _Toc61790217][bookmark: _Toc61790498][bookmark: _Toc61790777][bookmark: _Toc61791058][bookmark: _Toc73288831]The close proximity P2P system in millimeter wave is expected to have extremely short active time and at least either one of the P2P devices in the system is expected to be mobile. From that sense, the mobile device in this system shall be designed to have low power consumption in stand-by state. The device on the other side, especially such as kiosk, should be designed to have low average power consumption. 
Other features regarding this concern are out of scope on this document because it is implementation dependent.

[bookmark: _Toc67221854][bookmark: _Toc69543689][bookmark: _Toc61789145][bookmark: _Toc61789427][bookmark: _Toc61789708][bookmark: _Toc61789989][bookmark: _Toc61790270][bookmark: _Toc61790551][bookmark: _Toc61790830][bookmark: _Toc61791111][bookmark: _Toc61789146][bookmark: _Toc61789428][bookmark: _Toc61789709][bookmark: _Toc61789990][bookmark: _Toc61790271][bookmark: _Toc61790552][bookmark: _Toc61790831][bookmark: _Toc61791112][bookmark: _Toc61789147][bookmark: _Toc61789429][bookmark: _Toc61789710][bookmark: _Toc61789991][bookmark: _Toc61790272][bookmark: _Toc61790553][bookmark: _Toc61790832][bookmark: _Toc61791113][bookmark: _Toc61789148][bookmark: _Toc61789430][bookmark: _Toc61789711][bookmark: _Toc61789992][bookmark: _Toc61790273][bookmark: _Toc61790554][bookmark: _Toc61790833][bookmark: _Toc61791114][bookmark: _Toc61789149][bookmark: _Toc61789431][bookmark: _Toc61789712][bookmark: _Toc61789993][bookmark: _Toc61790274][bookmark: _Toc61790555][bookmark: _Toc61790834][bookmark: _Toc61791115]
17. [bookmark: _Toc390334385][bookmark: _Toc378238243]Media access mechanism 
[bookmark: _Toc390334386]Multiband operation
The following features may be considered:
· MIMO
· Channel bonding

[bookmark: _Toc390334387]Half-duplex operation
The following features may be considered: 
· FDD
· TDD

[bookmark: _Toc390334388]“Touch and Get” operation
The close proximity P2P system shall have the following features to achieve its basic requirements:
· [bookmark: _GoBack]Connection setup without any network identifiers
· Network topology always limited to two active devices
· Fast connection setup time prior to active state to meet application requirement
· A means of ensuring spatial division from other systems without beamforming 
· CSMA/CA not required prior to data transmission
· No periodic management frame transmission after connection establishment.
· A method to estimate whether a peer device drew apart and a procedure to promptly dissolve connection and change to a standby state when such estimation is made. 
The fifth and sixth features are derived from the requirement that the close proximity P2P system shall have an access mechanism which achieves high and secure throughput. The last feature is derived from the requirement to limit the communication range. 


18. [bookmark: _Toc390334389]Security mechanism 
[bookmark: _Toc308696208][bookmark: _Toc321726391][bookmark: _Toc321727123][bookmark: _Toc332278549][bookmark: _Toc341615579][bookmark: _Toc341615756][bookmark: _Toc341615932][bookmark: _Toc341616110][bookmark: _Toc341616289][bookmark: _Toc341620558][bookmark: _Toc341620750][bookmark: _Toc341620942][bookmark: _Toc341621144][bookmark: _Toc341621345][bookmark: _Toc341621544][bookmark: _Toc341621743][bookmark: _Toc341621942][bookmark: _Toc341622143][bookmark: _Toc341622341][bookmark: _Toc343679675][bookmark: _Toc343681192][bookmark: _Toc343681451][bookmark: _Toc351634874][bookmark: _Toc351635094][bookmark: _Toc351637049][bookmark: _Toc351637265][bookmark: _Toc361234630][bookmark: _Toc367097000][bookmark: _Toc367121097][bookmark: _Toc368853643][bookmark: _Toc368853858][bookmark: _Toc378237311][bookmark: _Toc378237714][bookmark: _Toc378237949][bookmark: _Toc378238244][bookmark: _Toc387807653][bookmark: _Toc387883826][bookmark: _Toc341620559][bookmark: _Toc341620751][bookmark: _Toc341620943][bookmark: _Toc341621145][bookmark: _Toc341621346][bookmark: _Toc341621545][bookmark: _Toc341621744][bookmark: _Toc341621943][bookmark: _Toc341622144][bookmark: _Toc341622342][bookmark: _Toc343679676][bookmark: _Toc343681193][bookmark: _Toc343681452][bookmark: _Toc351634875][bookmark: _Toc351635095][bookmark: _Toc351637050][bookmark: _Toc351637266][bookmark: _Toc361234631][bookmark: _Toc367097001][bookmark: _Toc367121098][bookmark: _Toc368853644][bookmark: _Toc368853859][bookmark: _Toc378237312][bookmark: _Toc378237715][bookmark: _Toc378237950][bookmark: _Toc378238245][bookmark: _Toc387807654][bookmark: _Toc387883827][bookmark: _Toc341620560][bookmark: _Toc341620752][bookmark: _Toc341620944][bookmark: _Toc341621146][bookmark: _Toc341621347][bookmark: _Toc341621546][bookmark: _Toc341621745][bookmark: _Toc341621944][bookmark: _Toc341622145][bookmark: _Toc341622343][bookmark: _Toc343679677][bookmark: _Toc343681194][bookmark: _Toc343681453][bookmark: _Toc351634876][bookmark: _Toc351635096][bookmark: _Toc351637051][bookmark: _Toc351637267][bookmark: _Toc361234632][bookmark: _Toc367097002][bookmark: _Toc367121099][bookmark: _Toc368853645][bookmark: _Toc368853860][bookmark: _Toc378237313][bookmark: _Toc378237716][bookmark: _Toc378237951][bookmark: _Toc378238246][bookmark: _Toc387807655][bookmark: _Toc387883828]Because of the limitation of the transmission range, security mechanisms can be omitted for a close proximity P2P system. If required, it can be done at the higher layers. Note that security setup may give impact on the application requirement by imposing longer connection setup time. 

19. [bookmark: _Toc390334390]I/O Interfaces and Memory Buffer Considerations 
Choice of features regarding these items are up to the implementer. 

20. [bookmark: _Toc390334391]Fast connection setup scheme 
Time for connection setup is the time required to change from the standby state to the connected state where each device is ready for data transfer.
To realize “touch and get” user experience, a fast connection setup scheme having a capability to establish connections within 20 ms [TBD] is required. 


21. [bookmark: _Toc308600315][bookmark: _Toc378238251][bookmark: _Toc390334392]
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		PART		Question or Confirmation		My idea

		LPF

		LPF				考慮する予定　規格に対して-5 dBマージンでS21を考える。

		QMOD				位相差と位相誤差。個人的には、IとQの90度からの位相差で定義したい。

		Chain		周波数偏差のコンセプトをつくる		各ブロックに割る付ける？　しかないっすよね。。。

		VCO/PLL		位相雑音		デジタルからの飛び込みも仕様化したい、、、レイアウト依存だが、、、

						C/N -28 dB over SigBWはWORST.				Ideal		SigBW 100KHz - 280MHz

		Transceiver		温度を定義しましょう。		-20 to 85deg, 40 deg/W x 0.5W --> Junction -20 to 105 deg				-27.4818802701		-27.9394551757

										-34		-34

		Tx				歪み特性は厳しくなく、特性評価を簡略化したい。				-26.6078287134		-26.9783146899
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Question

				part		assumption		value		unit		Notes

		Tx side

		(a)		Tx_ANT output				-10.0		dBm		TBD

		(b1)		Tx_ANT gain				0.0		dBi

		(b2)		TX case loss				1.0		dB

		Propagation loss

		(c1)		distance				5.0		cm		frequency : 60 GHz,

		(c2)		path loss				42.0		dB		free space propagation

		Rx side

		(d1)		RX case loss				1.0		dB

		(d2)		Rx_ANT gain				0.0		dBi

		(e)		implementation loss				1.0		dB

		(f)		Thermal noise				-174.0		dBm/Hz		Thermal noise

		(g)		Rx NF				12.0		dB

		(h1)		Signal Bandwidth				2.160		GHz

		(h2)		Symbol rate				93.3		dBHz

		(i)		Noise power				-67.7		dBm		Noise power on signal band

		(j)		Required Es/No				11.5		dB		PER = 1% w conv. code for 4KB data length,

		(k)		Required Rx level				-56.2		dBm		Minimum receiver sensitivity

				System margin				2.2		dB





Question

		-5		-5		-5		-5		-5		-5		-5

		-4		-4		-4		-4		-4		-4		-4

		-3		-3		-3		-3		-3		-3		-3

		-2		-2		-2		-2		-2		-2		-2

		-1		-1		-1		-1		-1		-1		-1

		0		0		0		0		0		0		0

		1		1		1		1		1		1		1

		2		2		2		2		2		2		2

		3		3		3		3		3		3		3

		4		4		4		4		4		4		4

		5		5		5		5		5		5		5

		6		6		6		6		6		6		6

		7		7		7		7		7		7		7

		8		8		8		8		8		8		8

		9		9		9		9		9		9		9

		10		10		10		10		10		10		10
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link budget

		TX Chain for Transfer JET v1

		Spec overview
fc				Configuration		RFIC																				External

				4.48GHz		RF block		DAC		Buffer		LPF		QMOD				DA				RFSW		Balun				RFFIL		Coupler

														Imp conv.										Imp conv.

		PART				Unit		DAC out		Buffer		LPF		QMOD				DA				RFSW		Balun				RFFIL		Coupler				Spec

										0.0		0.0		-3.0										-3.0

																-10.0		0.0		-18.0		-1.0				-2.0		-2.0		0.0		dB		typ		DA -14 to -30 dB

		Signal level
(Differential, 
 Single after Balun)												-10.1		-20.1		-20.1		-38.1		-39.1		-39.1		-41.1		-43.1		-43.1		dBm		-42.5 dBm

								103.0		103.0		103.0		99.9		89.9		89.9		71.9		70.9		67.9		65.9		63.9		63.9		dBu				-39.0

								140.6		140.6		140.6

								397.6		397.6		397.6																				Vrms

								200.0		200.0		200.0		200.0		100.0				100.0		100.0		100.0		50.0		50.0		50.0

		Imp_condition

												60.0

				Noise power on Sig BW										-40.8		-50.8		-50.8		-68.8		-69.8		-69.8		-71.8		-73.8		-73.8

														-30.1		-40.1		-40.1		-58.1		-59.1		-59.1		-61.1		-73.1		-73.1				-20 dBc

				Noise voltage on Sig BW				71.9				72.2		69.2		59.2		59.2		41.2		40.2		37.1		35.1		33.1		33.1

								103.0				83.0		79.9		69.9		69.9		51.9		50.9		47.9		45.9		33.9		33.9

				Suppress ratio for Alias		dBc						-20.0																-10.0

		backoff to P1dB

								-31.1		-25.0		-43.0		-25.0		-28.0		-35.0		-35.0		-35.0		-200.0		-35.0		-200.0		-200.0

		Accumulated EVM						-31.1		-24.0		-24.0		-21.5		-20.6		-20.4		-20.3		-20.1		-20.3		-20.0		-20.0		-20.0				-20 dB

		Cocerning effects						DAC out		LPF DCcut		I/ Ref Noise		IQ balunce		Phase noise				NL		NL				NL

								2.24Gsps, 5bit, BOF 5dB		if necessary		to meet spec of spurious		including IQ combining,
NL is included in IQ balaunce				if necessary										assuming Taiyo Yuden,

		Exchange Unit		dBm		W		uV		dBu		condition																		30.8

				0.00		0.00		0.22		106.99		load		50																30.0

				0.00		0.00		0.32		110.00		load		100

				0.00		0.00		0.45		113.01		load		200

				0.00		0.00		0.77		117.78		load		600

				0.00		0.00		1.17		121.34		load		1360

		PART		Static Resolution		ENOB		Sample freq.		Sig BW		dynamic range for Nyquest		dynamic range for Sig BW		BOF		EVM		Vpp		Signal Output Level

				bit		bit		Gsps		GHz		dB		dB		dB		dB		mV		mVrms		dBu

		ADC		5bit		4		1.12		0.28		25.84		28.9		4.0		-27.9		500		157.73933612		103.9588001734

		DAC		5bit		4.2		2.24		0.28		27.044		33.1		5.0		-31.1		500		140.5853312976		102.9588001734

		DAC		4bit		3.5		2.24		0.28		22.83		28.9		5.0		-26.9		500		140.5853312976		102.9588001734

		PART				Unit		DAC out		Buffer		LPF		QMOD				DA				RFSW		Balun				RFFIL		Coupler				Spec

										0.0		0.0		-3.0										-3.0

																-10.0		0.0		-28.0		-1.0				-2.0		-2.0		0.0		dB

		Signal level
(Differential, 
 Single after Balun)												-10.1		-20.1		-20.1		-48.1		-49.1		-49.1		-51.1		-53.1		-53.1		dBm		-42.5 dBm

								103.0		103.0		103.0		99.9		89.9		89.9		61.9		60.9		57.9		55.9		53.9		53.9		dBu				-49.0

								140.6		140.6		140.6

								397.6		397.6		397.6																				Vrms

								200.0		200.0		200.0		200.0		100.0				100.0		100.0		100.0		50.0		50.0		50.0

		Imp_condition

												60.0

				Noise power on Sig BW										-40.8		-50.8		-50.8		-78.8		-79.8		-79.8		-81.8		-83.8		-83.8

														-30.1		-40.1		-40.1		-68.1		-69.1		-69.1		-71.1		-83.1		-83.1				-20 dBc

				Noise voltage on Sig BW				71.9				72.2		69.2		59.2		59.2		31.2		30.2		27.1		25.1		23.1		23.1

								103.0				83.0		79.9		69.9		69.9		41.9		40.9		37.9		35.9		23.9		23.9

				Suppress ratio for Alias		dBc						-20.0																-10.0

		backoff to P1dB

								-31.1		-25.0		-43.0		-25.0		-28.0		-35.0		-35.0		-35.0		-200.0		-35.0		-200.0		-200.0

		Accumulated EVM						-31.1		-24.0		-24.0		-21.5		-20.6		-20.4		-20.3		-20.1		-20.3		-20.0		-20.0		-20.0				-20 dB

		Cocerning effects						DAC out				I/ Ref Noise		IQ balunce		Phase noise				NL		NL				NL

								2.24Gsps, 5bit, BOF 5dB		if necessary		to meet spec of spurious		including IQ combining,
NL is included in IQ balaunce				if necessary										assuming Taiyo Yuden,
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