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ABSTRACT 
This document describes the functional requirements and the evaluation methodology for TGah. These requirements are derived from the document “11-10-0001-13-0wng-900mhz-par-and-5c”. All proposals submitted in response to the IEEE802.11 TGah call for proposal must address the functional requirements that are shown as mandatory in this document. 
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1. Overview
This document specifies the functional requirements for TGah as stated in the Sub 1GHz license-exempt PAR and 5C’s. The emphasis is on the following aspects of TGah amendment.
1. System performance
2. Maintaining the 802.11 user experience
3. Coexistence with 802.15.4 and 802.15.4g devices
4. Enhanced power saving
5. Compliance to PAR
This document also specifies the evaluation methodology and simulation scenarios for TGah devices.

2. Functional Requirements

2.1 System Performance
2.1.1 Supporting band

TGah R1 – The TGah amendment shall operate in the license-exempt band below 1 GHz excluding the TV White Space bands, e.g., 
one or more bands among 863-868.6 MHz (Europe), 950.8 MHz -957.6 MHz (Japan), 
779-787 MHz (China), 917 – 923.5 MHz (Korea) and 902-928 MHz (USA).

2.1.2 Coverage and data rate
TGah R2 – The TGah amendment shall support mode of operation
 in which 
PHY data rate at least 100 Kbps
 is provided with coverage of 1km
 under regulatory transmission power limits.  

2.1.3 OFDM PHY modulation
TGah R3 – The TGah amendment shall use an Orthogonal Frequency Division Multiplexing (OFDM) PHY modulation.
2.1.4 Number of associations
TGah R4 – The TGah amendment shall support a mode of operation that supports the number of associations beyond 2007 for outdoor applications. 

2.2 Mainintaining the 802.11 User Experience
TGah R5 – The TGah amendment shall maintain the 802.11 WLAN user experience for fixed, outdoor, point-to-multi-point applications 
and support compability with the existing 802.11 standard and its amendments. 


2.3 Coexistence with 802.15.4 and 802.15.4g devices
TGah R6 – The TGah amendment shall provide a mechanism to enable coexistence with other systems in the bands including 802.15.4 and 802.15.4g. 

2.4 Enhanced Power Saving
TGah R7 – The TGah amendment shall provide an enhanced power saving mechanism 
to support battery-powered operation with long replacement cycle for sensor devices.
2.5 Compliance to PAR

TGah R8 - The proposal complies with the PAR and 5 Criteria [1].
3. Evaluation Methodology
The evaluation methodology defines PHY performance, conditions for PAR compliance and comparison criteria for TGah evaluatation. 

4. Simulation Scenarios
The simulation scenarios define a limited set of simulation scenarios for network simulation considering traffic model, location of STAs, interference modelling 
and overlapped BSS effect for TGah evaluation. 

5. Summary of Functional Requirements
6. References

1. 11-10-0001-13-0wng-900mhz-par-and-5c
�As defined in Selection Procedure document (11-11/0238r2), TGah functional requirements document also include evaluation methodology (network simulation scenarios)


�They are a small set of very essential and key requirements without which we cannot call the amendment TGah. 


Each requirement in the FR-EM document had better be described as a normative text without any specific number as possible.


�“e.g.” is used expression in PAR document. This meaning is that there may be additional qualifying bands below 1GHz, and the regulations may be changing in some regions. 


�Based on “15-10-0180-01-004g-current-status-of-japanese-regulatory-changes-regarding-950mhz-band.pdf”, the current band is 950.8-957.6MHz (1mW max power or 10mW from 954MHz). But, based on discussions with author of the above reference, by the end of year 2011 the spectrum will move to roughly 916-930 MHz while still maintaining 1MHz limit. 


�For the supporting bands, some of the bands introduced as examples in PAR document may not be appropriate for 11ah operation due to limited max bandwidth based on doc.11-11/0685r0. For example, China 470-510MHz has less than 200 KHz limit.  


�I think combining coverage and data rate into one requirement is suitable because it may be confusing otherwise. 


�Of course, it must be checked later based on an adopted path loss model in order to see this value can be achieved. In addition, there will be some specific simulation scenario with channel models applied in evalution methodoloy section in this document to check compliance to PAR. I think kind of normative text without many explanatory notes may be more suitable for functional requirements section from experiences in other task groups.


�I’m reminded that this 100kbps which is described in PAR document was the result of compromise with 15.4g on the PHY rate aspect to get the PAR approved. So, I would suggest using “PHY data rate at least 100 Kbps” instead of MAC throughput at SAP. Since TGah is not trying to have higher MAC throughput, defining it as PHY rate should be sufficient for PHY/MAC design.


In addition, I would not chage the minimum data rate requirement as greater value than 100Kbps because 100Kbps is applied to most of use cases in the use case document. Only use cases (1d), (3a), (3b) specifies data rate over 100Kbps.


�While extending coverage up to 2km was proposed by Yokogawa Electric specifically for use case (1d) with many metallic walls, most of TGah people attending the conferecall on 11th April don’t want to change coverage requirement which is already described as 1km in the PAR document.


In addition, the original proposer withdrew his proposal. In his subsequent submission (11-11/0547r0), required coverage for used case (1d) in typical cases is less than 500m. 


Ron justified that 1km coverage is reasonable checking link budget in his document (11-11/0552r1).


Because regulatory conditions are highly depending on regions, considering regulatory transmission power limits is inevitable to describe the requirement for coverage and data rate. It needs to optimize the rate vs. range in a given band. �PAR also says that the data rates defined in this amendment optimize the rate vs. range performance of the specific channelization in a given band.


�While most of use cases only need 50~100 STAs, some use case (smart grid use case (1a) ) needs 6000 STA/AP capacity. Currently from WG11 standards, number of associations available is limited to 2007. With 2007 associations, the max size of the TIM is 251 octets. Since number of associations will have an impact on the system design it should be reflected in the functional requirements document. There is also a comment that extending the number of associations is inevitable if we support 11i. So, it needs to support a mode of operation in which the number of associations can extend beyond 2007 to cover smart grid use case, which is one of the original TGah applications. This value may be set as a concrete number later if TGah can agree later.


�PAR says “maintaining the 802.11 WLAN user experience for fixed, outdoor, point-to-multi point applications.”


5C says “Compatibility with IEEE 802 requirements will result from keeping the MAC SAP interface the same as for the existing 802.11 standard. The proposed amendment shall introduce no 802.1 architectural changes. The MAC SAP definition shall not be altered, ensuring that all LLC and MAC interfaces are compatible to and in conformance with the IEEE 802.1 Architecture, Management and Internetworking standards. New managed objects shall be defined as necessary in a format and structure consistent with existing 802.11 managed objects.”


�Compatibility with the existing 802.11 standard and its amendments (802.11i/w/s/k/v/u or other TGs) can be also included as one of maintaining 802.11 user experience. Does this mean that 802.11i/w/s/k/v/u shall be used in all the applications? No, it is just about compatibility. 


�This requirement for user experience is about maintaining the network architecture of the 802.11 system and compatibility to 802.11 management plane, not to PHY features of other task groups operating in other bands such as 11n, 11ac, 11ad, 11af and so on. 


So, it does not mean that fast session transfer shall be supported which provides a seamless transfer of an active session from the Sub1GHz band to the 2.4/5GHz band, and vice versa, as similar as TGad. 


FYI, while TVWS bands are used for 11af, there is no description about fast session tranfer or connectivity to 2.4/5GHz WLAN devices even in TGaf draft. Instead, it may be kind of vendor's options.


�There is already a specific use case (2a) which needs coexistence with 15.4g. PAR document describes “provides mechanisms that enable coexistence with other systems in the bands including IEEE 802.15.4 and IEEE P802.15.4g”. 5C document describes need to make a coexistence assurance document which is meant for 15.4g as follows: The working group will create a CA document and specifically reference IEEE P802.15.4g as part of the WG balloting process. So, coexistence with IEEE802.15, IEEE802.15.4g and other systems in the bands is inevitable. 


There was a debate on whether just a CA document is enough without any description about this in the FR-EM document. After checking the FR document in other task groups in WG11, there are some other instances describing the coexistence with other, such as those of TGac and TGad. In addition, it seems better for the FR document to inherit the PAR document.


�Low throughput devices may desire larger sleep time, generally 15 minutes and in some extreme cases less a day. Most of TGah devices may be expected to have very long battery duration time. 


I would include the enhanced power saving feature in functional requirements because it is kind of newly-introduced feature in TGah and may have a big impact on system design. About defining some specific number for duty cycle or battery life and so on, it may be better to describe in spec. framework document or TGah draft rather than in functional requirements. 


�Klaus may have a plan to propose an interference modelling for TGah network simulation (maybe in July 2011). 


�With larger number of clients, especially in an outdoor environments, it is more probable to have hidden nodes and overlapped BSS effect. 


To take into consideration these, it may be desirable just to include it as an additional simulation scenario considering OBSS deployment, which is also an adopted approach in TGac discussions.
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