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Document Overview

The ARD contains descriptions on applications and use cases with performance and functional requirements. The  document will serve as a baseline for all other supporting documents developed within TG3d:

· Channel Modeling Document (CMD)
· Technical Requirements Document (TRD)
· Evaluation Criteria Document (ECD)
· Call for Proposals (CfP)
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1. [bookmark: _Toc308600288][bookmark: _Toc367096789][bookmark: _Toc392508577][bookmark: OLE_LINK1]Definitions:

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





2. [bookmark: _Toc392508578]
Scope

The amendment 3d to IEEE 802.15.3 defines a wireless point-to-point (P2P) system to IEEE Std. 802.15.3 operating at PHY data rates of 100 Gbps with fallback solutions at lower data rates. The purpose is to provide a standard for low complexity, low cost, low power consumption, and high data rate wireless connectivity among devices. Data rates will be high enough to satisfy a set of consumer multimedia industry needs, and to support emerging wireless switched point-to-point applications in 

· data centers
· wireless backhaul/fronthaul 
· intra-device communication and 
· kiosk downloading.

The commonality of all these applications is their point-to-point character with known positions of transmit and receiving antennas and the option to switch between different links.

Kiosk downloading and file exchange between two electronic products such as smartphones, digital cameras, camcorders, computers, TVs, game products, and  printers are  the representative use cases for close proximity P2P applications. This document presents the requirements for such close proximity P2P applications. 


3. [bookmark: _Toc392508579]Methodology 

The descriptions of the applications and use cases with performance and functional requirements as listed in Section 2 are described in chapter 4 for close proximity P2P applications such as kiosk downloading and file exchange  using the following structure:

1. Description of the operational environment (including a meaningful graphic and a statement on the operations under LOS/NLOS/OLOS conditions) 
2. Definition of a typical transmission range
3. Description of the conditions to achieve the target data rate 
4. Specific issues with respect to regulation
5. Specific requirements with respect to the MAC (e.g. supporting 48/64 bit MAC addresses, issues with respect to bridging)
6. Other issues


4. [bookmark: _Toc392508580]Kiosk downloading
[bookmark: _Toc392508581]4.1 Description of the operational environment
4.1.1 Overview of the service[1]
Firstly, background of the need of the system is described. One of the key issues is density of access points (AP) in wireless local area networks (LAN). For example, at the venue of the 802 wireless interim meeting in January 2014 (Hyatt Century Plaza, Los Angeles), a laptop PC showed a lot of SSIDs in 2.4 GHz band (802.11 b/g), indicating there were a lot of APs there, as shown in Figure 1. In such an environment where APs interfere with each other, actual observed transmission rates are far from the maximum rate specified in the standard (e.g. 54 Mbit/s). Actual measured throughput for 11g at that time was down to 1.1 Mbit/s.
[image: ]
[bookmark: _Ref389496582]Figure 1.　Observed wireless LAN APs （Hyatt Century Plaza Los Angeles, January 2014）
Uploading and downloading large-sized files in such wireless LAN environments take very long time, which obviously lead to user’s inconvenience. Kiosk downloading system will help to overcome such inconvenience. The overview of the service provided by the kiosk system is illustrated in Figure 2. The service supports portable terminal users transferring high-speed files from/to the content providers or storage services (cloud services). The user’s portable terminal and the network are connected via a kiosk terminal. Wireless connection between the portable terminal and the kiosk terminal is not provided by a conventional cellular system nor a wireless LAN but by a non-contact wireless communication system whose transmission range is TBD mm or less. The kiosk terminals are typically located in public areas such as train stations, airports, convenience stores, rental video shops, libraries, and public phone boxes. When a user touches the kiosk terminal with his or her portable terminal, data files are uploaded to the network or downloaded to the portable terminal. A close proximity P2P system offering this non-contact wireless transmission will be provided in the standard.

[image: ]
[bookmark: _Ref389569112]Figure 2. An overview of services provided by the kiosk system
[image: ]
[bookmark: _Ref390453783]Figure 3. A use case of contents download at a kiosk terminal in a public area

Figure 3 shows the use case example of high-speed file downloading at a kiosk terminal located in public spaces. The user stops in front of  the kiosk terminal, lays his/her portable terminal on the indicated area of the kiosk terminal and selects a content from the list shown by the kiosk terminal. After the user sends a command to start downloading, the file of the selected content is transmitted wirelessly and stored in his/her portable terminal. 
In addition, as a further use case, such  service can be expected to be provided at toll gates in train stations where the passengers use IC-card tickets which has non-contact communication function (Figure 4). The difference of the use case shown in Fig.4 from that described in the previous paragraph is the total length of touch time. In this use case, the user does not stop at the kiosk for the non-contact communication but touch the specified spot while walking through the gate, thus the total touch time shall be no more than 1 sec [TBD]. To understand the image of the actual ticket touching motion, the video available online at [4] is useful. 
In order to avoid misconnecting the kiosk terminal and the unintended portable terminal which uses the next kiosk terminal or goes through the next lane (the lane at the right side of the figure 4), the maximum transmission range have to be specified in the system. This is why the upper limit of the transmission range is essential. For the use case at toll gates in train stations, the transmission distance shall be 50 mm [TBD] or less. 
[image: ]
[bookmark: _Ref389752468]Figure 4　File downloading at toll gates in a train station
4.1.2.Transmission rates
Figure 5 shows the maximum file size which can be transmitted in 0.9 sec [TBD] corresponding to the time duration of 90 % of the total contact time of 1 sec [TBD]. The horizontal axes indicates the throughput. As shown in the figure, with 4-Gbit/s throughput, a 30-minute HD video or a magazine can be downloaded in 0.9 sec, for example. Table 1 compares download times between the system using this standard and conventional systems (TransferJetTM and IEEE802.11ac).
[image: ]
[bookmark: _Ref389571710]Figure 5.Maximum file sizes allowed in a 0.9-sec download
[bookmark: _Ref389581302]Table 1.Download Time Comparison
	[bookmark: _Toc392508521][bookmark: _Toc392508582]Content type
	[bookmark: _Toc392508522][bookmark: _Toc392508583]File size [MB]
	[bookmark: _Toc392508523][bookmark: _Toc392508584]Download time (Sec)

	
	
	802.15.3d
(QPSK)
	802.15.3d
(16 QAM)
	TranferJet
	[bookmark: _Toc392508524][bookmark: _Toc392508585]802.11ac *3

	
	
	Effective Throughput
2 Gbit/s
	Effective Throughput
 4 Gbit/s
	Effective Throughput
375 Mbit/s
	[bookmark: _Toc392508525][bookmark: _Toc392508586]Effective Throughput
[bookmark: _Toc392508526][bookmark: _Toc392508587]740 Mbit/s

	Book
	1
	0.004
	0.002
	0.021
	[bookmark: _Toc392508527][bookmark: _Toc392508588]0.011

	Comic
	30
	0.12
	0.06
	0.64
	[bookmark: _Toc392508528][bookmark: _Toc392508589]0.32

	Magazine
	300
	1.2
	0.6
	6.4
	[bookmark: _Toc392508529][bookmark: _Toc392508590]3.2

	Music(1hour) *1
	60
	0.24
	0.12
	1.3
	[bookmark: _Toc392508530][bookmark: _Toc392508591]0.65

	Movie(1hour) *2
	900
	3.6
	1.8
	19.2
	[bookmark: _Toc392508531][bookmark: _Toc392508592]9.7

	Movie(2hour) *2
	1800
	7.2
	3.6
	38.4
	[bookmark: _Toc392508532][bookmark: _Toc392508593]19.4

	[bookmark: _Toc392508533][bookmark: _Toc392508594]*1: 　MP3 (Bitrate = 128 kbps)　
[bookmark: _Toc392508534][bookmark: _Toc392508595]*2:　H.264（Hi-definition, Bitrate = 2 Mbps）
*3 Nss = 1，MCS#9，Bandwidth=160MHz，GI = 400 nsec，MAC efficiency is assumed to be 85%



4.1.3　Time duration for link establishment
Figure 6 shows the relationship between the maximum file size which can be downloaded within the total touch time (1 sec [TBD]) and the link-setup time (time for initial link establishment). Throughput are set to be 2 Gbit/s, 4 Gbit/s or 8 Gbit/s in the figure. When the link establishment is completed in 100 msec, remaining 900 msec can be allocated to the actual data transmission time and a 450 MB file (a 30-minute HD video of a magazine) can be downloaded. Hence the link establishment shall be completed within 100 msec [TBD] or less. As the figure shows, it is important to minimize the link setup time.
[image: ]
[bookmark: _Ref389817324]Figure 6. Maximum file size downloaded in 1 sec [TBD] including to the link setup time (time for the initial link establishment). 
The actual data transmission is assumed to be done within the remaining time. When the link setup time is 100 msec, for example, the actual data transmission time is 900 msec. When the throughput is 4 Gbit/s and the link setup time is 100 msec, a 30-minute movie or a 3-hour music can be transferred. The shorter the link setup time, the larger the possible download file size, hence it is important to minimize the link setup time.

[bookmark: _Toc392508596]4.2 Definition of a typical transmission range
Typical transmission range is 50 mm [TBD] to realize the application above.
[bookmark: _Toc392508597]4.3 Description of the conditions to achieve the target data rate 
The main conditions for the kiosk system are close proximity transmission range and point-to-point (P2P)　network topology. This chapter describes the reasons.
As Figure 7 shows, in a wireless network with point-to-multipoint (P2MP) network topology, throughput of a user goes down with the number of terminals connected to the access point (AP). In addition, a setup procedure designed for a P2MP system tends to take long setup time, as it should cope with multiple accesses. However in a system which simply consists of two devices within a close proximity transmission range, such multiple access scheme is not required, thus its setup time can be shortened.
A 60 GHz close proximity P2P system does not need any beamforming while a wireless LAN with P2MP usually is equipped with beamforming. In a P2P system, a terminal will use the entire bandwidth exclusively such that maximum throughput is always guaranteed.[image: ]
[bookmark: _Ref389503509]Figure 7. Advantages of point-to-point (P2P) systems
[bookmark: _Toc392508598]4.4 Specific issues with respect to regulation
[bookmark: _GoBack]The system uses the 60-GHz unlicensed band. The channel plan is the same as that of IEEE802.15.3c. Figure 8 shows the allocation of 60-GHz unlicensed band in various countries. As the figure shows, Ch2 and Ch3 within this band are available in many countries. Hence the system shall support the use of these two channels.
[image: ]
[bookmark: _Ref389479828]Figure 8　Unlicensed spectrum allocation in 60 GHz[3]. The limitation of the transmission power is described in Table 95 of IEEE802.15.3c

[bookmark: _Toc392508599]4.5 Specific requirements with respect to the MAC
In order to realize the use cases described above, the 802.15.3 MAC shall be modified and optimized for P2P comunications. The MAC shall have the following functions to realize the P2P requirements described above.
- The link establishment time must fit within a predetermined duration. To realize this, there shall be no monitoring function (such as CSMA/CA) prior to connection.
- No network identifier shall be included.
- Network topology is always limited to two active devices. 
- No mechanisms for multiple-access nor bandwidth reservation.
- No CSMA/CA and no periodic transmissions such as beacons after link establishment.
- Link shall be disconnected immediately when the devices are drawn apart.


[bookmark: _Toc392508600]4.6 Example of detection of device approach: utilization of near-field communication (NFC)
As described above, fast link establishment within the required time duration is required in the kiosk application. In addition to link establishment realized purely through 60 GHz, near-field communications (NFC) can  also be used to assist in detecting the approach of a portable terminal towards a kiosk terminal. NFC is widely used at the toll gates in train stations and the NFC modules are included in most cellular phone terminals.
Figure 9 illustrates the link setup utilizing NFC. When the user’s potable terminal approaches and enters the NFC communications range, the NFC modules of both sides establishes communications and the module in the portable terminal turns on the 60 GHz module within the same portable terminal. Next, the 60 GHz modules complete their link setup and start the data transfer. The NFC communications may be also used for user identification (authentication). In such case, the kiosk terminal may determine which file is to be transferred to the user after the user identification. The NFC communications can also execute billing functions.
[image: ] (
TJC様にご相談
802.11の接続方法で書いています．
)
[bookmark: _Ref389577138]Figure 9　The detection of approach using NFC
4.7 　Spatial division transmission method for 100 Gbps
To attain higher throughput, higher multilevel modulation and spatial division multiplexing such as MIMO should be utilized. Table 2 shows the combination of modulation and MIMO for higher transmission rates. By utilizing MIMO, more than 100 Gbit/s rates becomes possible. As described above in the kiosk application, the propagation channel will not be multipath-rich. Thus the use of short-range MIMO transmission employing appropriate element spacing in the array antennas is effective [5].
Without using spatial division transmission but only multilevel modulations and channel aggregation, it is difficult to achieve 100 Gbit/s. 1024-QAM with four-channel aggregation can only provide 45 Gbps transmission rate. On the other hand, by using MIMO, more than 100 Gbps becomes possible.

[bookmark: _Ref389573249]Table 2.　Options for higher transmission rates
[image: ]
4a File exchange
4a.1 Description of the operational environment
4a.1.1 overview of the file exchange
Close proximity P2P application such as file exchange enables high speed transfer of large data files (photo, video, images, etc.) between  two electronic products such as smart phones, digital cameras, camcorders, computers, TVs, game products, and printers. Using this technology in its simplest form, data can be sent at high speed with just a single touch. In this use case, a user can push any data file from her/his mobile terminal to another mobile/stationary terminal just by a touching action. In certain cases, the user may select specific data to send as well as location to store (or method to process) received data before the actual touch operation. For example, students can share music with friends merely by touching the smartphone to the music player. A tourist can store and archive digital video simply by placing the smartphone close to the PC. 
Alternatively, the user can get any data file from another mobile/stationary terminal with a similar touch operation. In most cases, the data to transfer has been selected by the sender and, therefore, the receiver does not have to select the file but just touch and receive it.
4a.1.2 Transmission rates
Table.xx shows typical file size of short video. In a certain case, a user may send these large data files from her/his smart phone to another mobile/stationary terminal just by a touching action. Data transmission rate shall be more than a few Gbit/s because it is important for the touch operation to complete data transfer in a few seconds.

Table XX.  Data Transmission Time Comparison

	Content type
	File size [MB]
	Transmission time (Sec)

	
	
	802.15.3d
(QPSK)
	802.15.3d
(16 QAM)
	TransferJet
	802.11ac *3

	
	
	Effective Throughput
2 Gbit/s
	Effective Throughput
 4 Gbit/s
	Effective Throughput
375 Mbit/s
	Effective Throughput
740 Mbit/s

	Short Video (1 min.) *1
	263
	1.1
	0.5
	5.65
	2.8

	Short Video (5 min.) *1
	1313
	5.3
	2.6
	28.0
	14.2



  *1　4K/60p, HEVC/H.265 (bit rate=35Mbps)

4a.1.3 Time duration for the link establishment
For close proximity P2P applications such as file exchange between  two electronic products through touching operation, it is important to minimize  the link setup time. The link establishment shall be done within 100msec [TBD] or less.
4a.2 Definition of a typical transmission range
The maximum range of operation is on the order of a few centimeters.
4a.3 Description of the conditions to achive the Target data rate
The conditions are the same as chapter 4.3.
4a.4 Specific issues with respect to regulation
The specific issues are the same as chapter 4.4.
4a.5 Specific requirements with respect to the MAC
The specific requirements are  the same as chapter 4.5.
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