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The purpose of this document is to show suggested text for clauses in 02/105. As a group, we will agree on text for the actual selection criteria document. SG3 members are requested to review this document for accuracy and to email comments, corrections and further details to:

 <kai.siwiak@timedomain.com> and <jason.ellis@ga.com> 

Please review tracked changes to 02/105r20, as editorial changes have taken place throughout the document.

PROPOSED HAWAII WORK PLAN
(Tuesday, Wednesday, Thursday)

1) Overarching Issues


BER and PER discussion


Packet Error Rate discussion
2) Document 02/105r20 Selection Criteria

Section 3.1 “Unit Manufacturing Cost”


Section 3.2 “Signal Robustness”

Section 3.4 “Scalability”


Section 3.5 “Location Awareness”


Section 4.1 “Required MAC enhancements and modifications to accommodate 



Alternate PHY”


Section 5.2 “PHY-SAP Payload Bit Rate and Data Throughput”

Section 5.3 “Simultaneously Operating Piconets”

Section 5.4 “Signal Acquisition Timeline”

Section 5.5 “Link budget “




(Awaiting subcommittee report)

Section 5.7 “Multi-Path Immunity”

Section 5.8 “Power Management Modes”
3) Document 02/104r14 Technical Requirements

Section 2.0 “Bit Rate and Range”
4) Document 02/365r1 Evaluation Matrix

Section 1.0 “Evaluation Matrix”



(Awaiting subcommittee report)

Section 2.0 “Pugh Matrix Comparison Value”



(Awaiting subcommittee report)

Section 3.0 “Annex:  Criteria Definition Clarifications Committee Work”



(Awaiting subcommittee report)
5) New sections for editing brought up with the Technical Editors
1) Overarching Issues


1) BER and PER discussion (Andy)


General comment: BER and PER are not uniquely linked, as this depends 


on the coding scheme, interleaving, and the burst-structure of error 



events. I would suggest to either request a fulfillment of both BER and 


PER criteria, or to just require PER.


RESOLUTION: BER and PER required throughout (Yes / No) YES




BER required value: Present: < 10-5




PER required value: Present: < 8% for 1024 byte packets

2) Packet Error Rate and infinite duration discussion (Andy)



General comment: a definition of a "packet error rate" is not sufficient. 


Especially, if measurements are required, it is not possible to measure for 


an infinite duration of time, which is the requirement for the "standard" 


definition of error rate in an AWGN channel. Different measurements of 


finite duration might lead to different values of the packet error rate, even 


when the channel does not change. Thus, also for a AWGN channel, an 


outage probability must be defined that should be linked to the 



measurement duration (number of packets). For a randomly varying 


channel, outage probability is even more important. Furthermore, it has to 


be specified over which ensemble of channels the outage computation (or 


measurement) is made. For example, it could be prescribed that the 


distance between transmitter and receiver remains fixed, while the 



shadowing and the small-scale fading might vary. That still leaves the 


ambiguity (especially for measurements) of having an ensemble of finite 


size, and the fact that even after averaging out shadowing and small-scale 

fading, the pathloss can vary from environment to environment (see e.g., 


the contribution by Ghassamzadeh). I think that this whole complex of 


questions is very involved, and needs to be discussed by the whole group


RESOLUTION: Define outage probability (Yes / No) 



Just point to channel Model




2) Document 02/105 Selection Criteria

Section 3.1 “Unit Manufacturing Cost”

Rick’s suggested text modifications (delete strike-through in red):

3.1.2 “Values”

Complexity estimates should be provided in terms of both analog and digital die size estimates, semiconductor processes, specified year for process technologies, gate count estimates, and major external components. Additionally, the proposer should specify how the previous quantities vary with performance from mandatory only modes (i.e. 110 Mbps) where lower performance devices are interoperable on the same piconet as higher performing devices. Similar considerations should be made with regard to MAC enhancements. Reasonable and conservative values should be given. Relative comparisons to existing technologies are acceptable.

Section 3.2 “Signal Robustness”

3.2.1 “General Definitions”


Marcus suggested text modifications (yet to be supplied):

3.2.2 “Interference and Susceptibility”


Andy’s suggested text modifications (clarification required):


1) Furthermore, the channel model is not specified. 


2) In the first sentence, it is ambiguous whether "operating at 6dB above 


sensitivity level" refers to the desired UWB system or the interferer.

Andy’s suggested text modifications (clarification required):

3.2.2.2.5 “Generic In-band Modulated Interferer”

Does not specify strength or center frequency.


Anuj’s suggested text (this is a new clause):


It should be noted, that comments indicated herein from Anuj, include 


contributions from Jaiganesh Balakrishnan, Anand Dabak, and Ranjit 


Gharpurey

3.2.2.3.7 “Out-of-Band Interference from Intentional or Unintentional Radiators”
Proposers should report the minimum out-of-band rejection in dB provided by the proposed system. This will provide a minimum standard for out-of-band interferer immunity.
----------------------------------------STOPPED 11/13/02 AM SESSION------------------------------

3.2.3 “Coexistence”

Andy’s suggested text modifications (clarification required):

3.2.3.2 “Coexistence Model”

What is "above pathloss model"? It is not clear from the description why a pathloss model is needed at all. The specification "operation at 6dB above sensitivity level" seems sufficient. If specs are based on pathloss model, all above comments apply.
I am not quire clear about the definition of "interference margin". It seems to imply that the device has to operate at 6dB above sensitivity level in order not to break down, so that interference power of -70dB would definitely be lethal. It seems pretty tough to require that all the devices below have to be simulated, including all coding (which is required to get the BER of 10^-5). 

Again, all statements made above about definitions of BER are valid for this situation as well. It would be much simpler to specify the maximum admissible power in the band of the reference device, plus some statement about peak-to-average and spectral lines.

Anuj’s suggested text (proposes new text & delete strike-through):

3.2.3.2 “Coexistence Model”

Minimum criteria: Under normal operating conditions, the reference device should be able to operate at a BER < 10e-5 with a 6 dB interference margin when the proposed PHY is operating at dint < 1 meter.

Minimum criteria (1): Under normal operating conditions, the proposed PHY must be able to provide a minimum level of coexistence such that dint < 1 meter with 6 dB interference margin for the reference receiver.

Desired criteria: Under normal operating conditions, the reference device should be able to operate at a BER < 10e-5 with a 6 dB interference margin when the proposed PHY is operating at dint < 0.3 meter.

Minimum criteria (2): The proposed PHY must be able to provide an enhanced level of coexistence such that dint < 0.3 meter with 6 dB interference margin for the reference receiver.  This means that, if an individual implementation wants to achieve this level of coexistence, it must be able to do so and still be able to communicate with a standard 802.15.3a receiver.

Desired criteria: The proposed PHY should be able to provide an enhanced level of coexistence such that dint < 0.3 meter with 0 dB interference margin for the reference receiver.  This means that, if an individual implementation wants to achieve this level of coexistence, it must be able to do so and still be able to communicate with a standard 802.15.3a receiver.


Bill Beeler’s suggested text (proposes new text and delete strike-through):

3.2.3.3 “Evaluation Method and Minimum Criteria”
A single parameter (dint) will be used to quantify the coexistence capability of the proposed PHYs, and free space propagation shall be assumed between the IEEE 802.15.SG3a device and the reference device.  This parameter is defined as the distance between the proposed PHY TX and the reference RX such that reference system noise floor is increased no more than 1 dB.

The motivation for the above criteria is to establish a simple basis for comparison of proposals. The BER performance of reference systems at various values of dint must be established once the PHY downselect is accomplished.


In addition, it is desirable for the proposed PHY to have ‘good neighbor’ capabilities like adaptive power control (don’t transmit more power than necessary), time division multiplexing (don’t transmit for more time than necessary), or dynamic frequency selection (ability to detect and avoid interference).  If the system cannot achieve these minimum separation distances, proposers should state what dint can be achieved given the above criteria, and what it would take to achieve the above dint values (notch filters, etc.) and corresponding cost.
A single parameter (dint) will be used to quantify the coexistence capability of the proposed PHYs, and free space propagation shall be assumed between the IEEE 802.15.SG3a device and the reference device.  This parameter is defined as the minimum distance that can be achieved while the reference device operates at a BER < 10e-5 (including any coding) while receiving at the nominal Rx power level based on a 6 dB interference margin.  The following minimum and desired criteria will be used for evaluating the PHY proposals.

Minimum criteria (1): Under normal operating conditions, the proposed PHY must be able to provide a minimum level of coexistence such that dint < 1 meter with 6 dB interference margin for the reference receiver.

Minimum criteria (2): The proposed PHY must be able to provide an enhanced level of coexistence such that dint < 0.3 meter with 6 dB interference margin for the reference receiver.  This means that, if an individual implementation wants to achieve this level of coexistence, it must be able to do so and still be able to communicate with a standard 802.15.3a receiver.

Desired criteria: The proposed PHY should be able to provide an enhanced level of coexistence such that dint < 0.3 meter with 0 dB interference margin for the reference receiver.  This means that, if an individual implementation wants to achieve this level of coexistence, it must be able to do so and still be able to communicate with a standard 802.15.3a receiver.

The motivation for the above criteria is the following.  Future 802.15.3a devices will definitely be located in close proximity with other IEEE 802.11 and IEEE 802.15 devices, based upon the set of applications that this standard is trying to address.  Minimum criteria (1) is for devices that knowingly will be very unlikely to be in close proximity to these other devices or for devices that will be deployed in environments where easy separation between devices can be achieved.  The minimum criteria (2) is for systems that would like to implement better coexistence for applications that will definitely be in close proximity with other 802.11 or 802.15 devices. This could be done on an ‘as needed’ basis, and set either adaptively, with MAC control, or with user control.  The purpose of these criteria is to allow vendors to build devices that can operate in ‘enhanced’ coexistence mode while still being able to communicate with standard 802.15.3a receivers.  Therefore, the PHY proposals must possess the flexibility to offer this type of device capability.  Finally, the desired criteria is to suggest that an even better enhanced coexistence mode would be desirable for many scenarios to account for applications where it may be difficult or undesirable to get more than 0.3 meter separation, to account for antenna gains of the reference receiving device, and to account for highly efficient receivers that are able to operate below the Rx sensitivity level.

In addition, it is desirable for the proposed PHY to have ‘good neighbor’ capabilities like adaptive power control (don’t transmit more power than necessary), time division multiplexing (don’t transmit for more time than necessary), or dynamic frequency selection (ability to detect and avoid interference).  If the system cannot achieve these minimum separation distances, proposers should state what dint can be achieved given the above criteria, and what it would take to achieve the above dint values (notch filters, etc.) and corresponding cost.
Section 3.5 “Location Awareness”


Anuj’s suggested text modifications (new text & delete strike-through):

3.5.2 “Values”
Proposers are to show the functional capability, level of accuracy, resolution (meters), and time (seconds) to compute. Proposers should show that they have the capability to estimate the range between devices and the level of accuracy that can be achieved.

Section 4.1 “Required MAC enhancements and modifications to accommodate …”


Rick’s suggested text modifications (delete strike-through):

4.1.2 “Evaluation Method and Minimum Criteria”
Proposals should justify and explain the supplements that may be necessary in support of additional features for the alternate PHY.

Proposals should justify and explain the modifications that may be necessary to support or enhance operation of the alternate PHY.
Section 5.2 “PHY-SAP Payload Bit Rate and Data Throughput”


Jay suggested text modifications:
5.2.1 Payload Bit Rates

5.2.1.1 Definition

The payload bit rate is defined as the bit rate at which the frame body, FCS and any stuffing bits and tail symbols are transmitted. For 802.15.3, examples of optional payload bit rates are 11, 33, 44, 55 and the mandatory payload bit rate is 22 Mb/s.  
5.2.1.2 Values

The proposer should provide the mandatory and optional payload bit rates for the PHY-SAP. The payload bit rate at the PHY-SAP should be at least 110 Mbps at a 10 meter range, as supported in Section 5.5 (Link Budget). 

The proposer should provide the payload bit rates to meet the mandatory and optional data throughput rates for the PHY-SAP as defined in clause 2 of [02/104]. 

5.2.2 Packet Overhead PHY-SAP Data Throughput
5.2.2.1 Definition

For each of the proposed rates the proposer should provide all of the following packet overhead times (illustrated in Figure 3): 
T_PA_INITIAL,

T_PHYHDR, 

T_MIFS, and

T_PA_CONT,

where T_PA_CONT is the time for a potentially shortened preamble to be used for subsequent data packets in a single GTS.  The proposer should also provide times proposed for the other interframe spacings, SIFS, RIFS, and BIFS, as defined in the proposed 802.15.3 standard.
In addition, the proposer should indicate the MPDU times, T_DATA for a 1024-octet data packets (MPDU data bits and FCS combined) and T_MACHDR. In support of these numbers, the proposer should provide the equations and values used to derive these times. The number of octets for the FCS is specified in the MAC clauses of the proposed 802.15.3 standard while the HCS is part of the Alt-PHY. The proposer should provide the descriptions of the proposed PHY Header and MAC Header (if different from the proposed 802.15.3 standard) and description and specification of the functional parts of the PHY preamble. Note: the HCS is a CRC that protects both the MAC and the PHY header.  
The proposer should provide all of the following parameters according to clause 2 of [02/104] for each of the proposed rates. In support of these numbers, the equations and values used to derive these times should be provided by the proposer. The number of octets for the MAC Header and FCS are specified in the MAC clauses of the proposed 802.15.3 standard while the HCS is part of the Alt-PHY. The proposer should provide the description of the proposed PHY Header and description and specification of the functional parts of the PHY preamble. Note: the HCS is a CRC that protects both the MAC and the PHY header.  
The Short Interframe Spacing (SIFS) is the time between the end of one transmission and the start of the next. (T_SIFS in Figure 3). The SIFS must be large enough to support the TxRx turn around time for the proposed PHY, the MAC turnaround and the RxTx turn around time.
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Figure 3 Packet overhead parameters for data throughput comparison

5.2.2.2 Values

Time values should be stated in microseconds.
5.2.3 PHY-SAP Throughput

5.2.3.1 Definition

The PHY-SAP data throughput is defined as the bit rate at which a series of 5 MPDUs are transferred from the MAC to the PHY across the PHY-SAP.  This is to be computed for the NO-ACK case.  The data throughput rate will be lower than the payload bit rate due to packet overhead as defined in 5.2.2.1.  The relation of the throughput, R_PHY_SAP, to the payload bit rate, R_Pay, for transmission of a single 1024-octet data packet is given by:

R_PHY_SAP = R_Pay/[1 +  
R_Pay*(T_PA+T_PHYHDR+T_MACHDR+T_SIFS)/(8192+MAC_Header_Bits].

5.2.3.2 Values

The proposed data throughput rates should meet the mandatory and optional data throughput rates for the PHY-SAP as defined in clause 2 of [02/104]. 

5.2.2.2 “Values”

Anuj’s suggested text modifications (added text in red):
Time values should be stated in nanoseconds. 

Minimum criteria: Proposed systems should be able to achieve a throughput of TBD Mb/s when continuously transferring data between a point-to-point link at a data rate of 110 Mb/s.
Section 5.3 "Simultaneously Operating Piconets"

5.3


Marcus’s suggested text modifications (additions in red):

The proposal should evaluate the effect of simultaneously operating piconets as specified in clause 3 of [02/104] for the following specified parameters: 

-Packet length of 1024 octet frame body

-Random initial symbol alignment between reference link and interferers

-PHY-SAP bit rates (110 Mb/s and 200 Mb/s) 

-At a minimum, the proposal should demonstrate the performance required in 
Clause 5.2 of [02/105] (bit rates and BER/PER) in a free space AWGN 
channel without any uncoordinated alt-PHY transmitters present.

-It is desired that a proposal also demonstrate this level of performance (see 
figure 4) for the environments specified in document [02/368] such that the 
reference link achieves PER {editorial} without any uncoordinated alt-PHY transmitters 
present.

-A minimum of 200 packets should be used in estimating the packet error rate.

The proposer should indicate the values of dint that cause the PER and BER to degrade to specific levels (for example, 10-3 BER). At a minimum, a free space channel is to be used for all links. It is desired the environments specified in document [02/368] also be used for the interfering link. The acquisition time should also be stated for all tests.  A 0 dBi antenna gain should be assumed throughout.
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Figure 4 Test geometry for simultaneously operating piconets
Evaluation geometry and procedure
An interfering transmitter is an uncoordinated transmitter operating at the same power as the reference transmitter. There are two cases to be considered: (1) a co-channel interferer, occupying the same channel and (2) adjacent channel interferer, occupying adjacent channels. If the interfering PHY would have a different impact on the receiver at different supported data rates, the PHY proposer should quantify this.

Single co-channel interferer separation distance is defined as the threshold distance separation (dint) of an interfering co-channel transmitter from the test receiver such that the test receiver BER and PER degrade to specified error rates (for example, 10-3 BER).

Multiple adjacent channel interferers separation distance is defined as the threshold distance separation (dint) of multiple interfering transmitters on different adjacent channels equidistant from the test receiver such that the test receiver BER and PER degrade to specified error rates (for example, 10-3 BER). 

Multi-channel separation distance test procedure 
1. Establish a test link with a test receiver at a fixed distance from the reference transmitter. Continue by sending packets to the test receiver for a specified modulation format and data rate and range, 110 Mb/s at 10m and 200 Mb/s at 4m. When doing the test in multipath channels, at a minimum the 10 required channel realizations from each of the four SG3a channel model scenarios should be used for the test link.
2. Verify BER and PER at the test receiver.

3. Begin transmitting with N different adjacent channel interfering alt-PHY transmitters at a large distance from the test receiver. At a minimum, the proposer should consider the cases N = 1, 2, and 3. Three pre-specified channel realizations will be used for the interfering links: a very low multipath channel (CM1 delay), a “typical” multipath channel (CM3 delay), and a high multipath channel (CM4 delay).  For N = 1 interferer, the simultaneous piconet operation shall be assessed for each of the three specified interference channels. For N = 2 interferers, all 3 combinations of 2 interference channels shall be assessed. For N = 3 interferers, each interferer will be assigned one of the three unique interference channels.
4. Continue BER and PER verification at the test receiver. 

5. Incrementally move the N different adjacent channel interfering alt-PHY transmitters closer to the test receiver uniformly until the BER and PER exceed the allowable rates. 

6. Record the distance associated with the last acceptable BER and PER as the multi-channel separation distance (dint) for the selected test receiver.

7. Since the proposal includes multiple data rates (110 and 200 Mb/s) and may include multiple modulation types or other factors that may affect close proximity operation of uncoordinated piconets, the proposer should repeat the test procedures and include sufficient test combinations to characterize system operation under these conditions.

5.3


Andy suggested text modifications (text clarification):

Test procedure: it suffers from the same problems that I mentioned above for the definition of BER and PER. Outage has to be defined.

5.3.2 “Values”


Andy suggested text modifications (text clarification):

Suddenly mentions BERs again I would suggest that the interfering transmitter does not necessarily operate with the same power as the reference transmitter, but rather with the full power allowed by FCC. This might be especially important if there are different modes where one transmitter can use different bandwidths, and thus different powers.

Section 5.4 “Signal Acquisition Timeline”

5.4

Marcus suggested text modifications (to create new section with definition 
as follows, value section comes from 5.4):
5.5  System Performance

5.5.1
Definition.


System performance refers to the ability of the system to successfully acquire 
and demodulate data packets at the required data rates and bit and packet error 
rates, both in the freespace AWGN channel and in the multipath channels 
specified by the SG3a channel model.

5.5.2
Values 
The proposer should provide the probability of link success (the ability to acquire and pass data with the specified packet length and BER at minimum payload bit rates for the PHY-SAP for both AWGN and for the SG3a channel model relative to distance). The proposer should further indicate the range at which the proposed PHY can acquire and meet the bit rate packet length and BER requirements of clause 2.0 of 02/104 for the channel model specified in clause 5.0 of document 02/104 for a link success probability of 90%.  The proposer should indicate BER, PER and acquisition performance as a function of the distance. The acquisition parameters (signaling and duration) should be noted for all scenarios.  

Section 5.6 “Link Budget”

5.6

Awaiting subcommittee report from Jeff
Section 5.8 “Multi-Path Immunity”

5.8

Andy suggested text modifications (text clarification):
I do not see much point in the delay spread tolerance. We are operating in a mode where the delay spread is not really a good measure for the amount of multipath interference. Rather, the proposal should be tested in the different radio environments specified by the channel modeling subgroup. Performance comparisons in the different cases should be given.


5.8

Marcus suggested text modifications (yet to be supplied):

5.8.3


Anuj’s suggested text modifications (new clause in red text):
5.8.3 Multipath performance 

5.8.3.1 Definition

Performance of the proposed system as measured in various multipath environments defined in the latest revision of document 02/368. The multipath performance can be used to evaluate the losses incurred due to multipath.

5.8.3.2 Values 

The proposal must include the 90% outage packet error rate (PER) as a function of Eb/N0 for each of the multipath environments (CM1 through CM4). A 90% outage PER is defined as the PER averaged over the channels which result in the 90% best performance at a given Eb/No for a particular channel environment, i.e., the PER performance due to the worst 10% channels at a given Eb/No should not be included in the average PER calculation.

Section 5.8

5.8

Jay suggested text modifications (yet to be supplied):
Document 02/104 Technical Requirements

Section 2 “Bit Rate and Range”


2.0


Jay suggested text modifications (yet to be supplied):
Document 02/365 Evaluation Matrix
Section 1.0 “Evaluation Matrix”

1.0

Awaiting subcommittee report from Michael/Ian/Mary
Section 2.0 “Pugh Matrix Comparison Value”

2.0

Awaiting subcommittee report from Michael/Ian/Mary
Section 3.0 “Annex:  Criteria Definition Clarifications Committee Work”

3.0

Awaiting subcommittee report from Michael/Ian/Mary
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