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<Select this text and type or paste introduction text>
Notice to users
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Copyrights
This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private uses. These include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of engineering practices and methods. By making this document available for use and adoption by public authorities and private users, the IEEE does not waive any rights in copyright to this document.
Updating of IEEE documents
Users of IEEE standards should be aware that these documents may be superseded at any time by the issuance of new editions or may be amended from time to time through the issuance of amendments, corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the document together with any amendments, corrigenda, or errata then in effect. In order to determine whether a given document is the current edition and whether it has been amended through the issuance of amendments, corrigenda, or errata, visit the IEEE Standards Association web site at http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.
For more information about the IEEE Standards Association or the IEEE standards development process, visit the IEEE-SA web site at http://standards.ieee.org.
Errata
Errata, if any, for this and all other standards can be accessed at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.
Interpretations
Current interpretations can be accessed at the following URL: http://standards.ieee.org/findstds/interps/index.html.
Patents
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Attention is called to the possibility that implementation of this<opt_trial-use><gde./rec. prac./std.> may require use of subject matter covered by patent rights. By publication of this<opt_trial-use><gde./rec. prac./std.>, no position is taken with respect to the existence or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or scope of Patents Claims or determining whether any licensing terms or conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory. Users of this<opt_trial-use><gde./rec. prac./std.> are expressly advised that determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further information may be obtained from the IEEE Standards Association.
[The following notice shall appear when the IEEE receives assurance from a known patent holder or patent applicant prior to the time of publication that a license will be made available to all applicants either without compensation or under reasonable rates, terms, and conditions that are demonstrably free of any unfair discrimination.]
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Draft<opt_Trial-Use><Gde./Rec. Prac./Std.> for <Complete Title Matching PAR>
IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or environmental protection. Implementers of the standard are responsible for determining appropriate safety, security, environmental, and health practices or regulatory requirements.
This IEEE document is made available for use subject to important notices and legal disclaimers. 
These notices and disclaimers appear in all publications containing this document and may 
be found under the heading “Important Notice” or “Important Notices and Disclaimers 
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html.
Overview
General

Scope

Purpose

Normative references
The following referenced documents are indispensable for the application of this document (i.e., they must be understood and used, so each referenced document is cited in text and its relationship to this document is explained). For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments or corrigenda) applies.

Definitions, acronyms, and abbreviations
For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary: Glossary of Terms & Definitions should be consulted for terms not defined in this clause.[footnoteRef:2]  [2:  The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.] 

General description

MAC protocol

MAC services

Security

General PHY requirements

PHY Services

O-QPSK PHY

Binary phase-shift keying (BPSK) PHY

Amplitude shift keying (ASK) PHY

Chirp spread spectrum (CSS) PHY

UWB PHY

GFSK PHY

SUN PHYs


LECIM PHYs
DSSS PHY specification
LECIM DSSS PPDU format
For convenience, the PPDU structure is presented so that the leftmost field as written in this standard shall be transmitted or received first. All multiple octet fields shall be transmitted or received least significant octet first, and each octet shall be transmitted or received least significant bit (LSB) first.
The PPDU shall be formatted as illustrated in Figure 1.


[bookmark: _Ref311191114]Figure 1 PPDU Format
SHR
The SHR or Synchronization Header is a field which may be used for obtaining frequency, symbol, and frame synchronization. It consists of two sub-fields, the preamble and the start of frame delimiter (SFD).  It is possible to recover a fixed length frame without the use of a SFD, or SHR.
Preamble
The preamble is a sub-field which may be used to obtain symbol timing and frequency offset.  A preamble length of 0, 2, 4 octets may be commissioned.
Preamble16 = [1 1 0 0 0 0 0 1 0 1 0 0 1 1 0]
Preamble32 = [ T.B.D. ]
SFD
The SFD or start frame delimiter is a sub-field which may be used to indicate the beginning of the frame.
SFD = [ T.B.D. ]
PHR
The PHR or PHY Header is a field used to indicate the length of a variable length PHY payload.  When the PHY payload is commissioned to a fixed size, the PHR is elided.  For variable length PHY payloads of up to 128 octets, the PHR is a one octet and represents a payload of n+1 octets where n = 0..127.  For variable length PHY payloads of 129-2048 octets, the PHR is two octets as illustrated in Figure 1.
Modulation and spreading
Data Rate
The data rate and bandwidths are band and/or region specific.  A table of chip rates and bandwidths will be added here along with text describing the resulting data rates.  For example:
	PHY
(MHz)
	Frequency Band
(MHz)
	Region/Availability

	
	
	
	Modulation
	Chip rate
(kchip/s)

	400
	400-470
	Korea
	BPSK/?
	100
(12.5 KHz channels bonded)

	470
	470-510
	China
	BPSK/O-QPSK
	

	
	
	
	BPSK/O-QPSK
	

	
	
	
	BPSK/O-QPSK
	

	780
	779-787
	China
	BPSK/O-QPSK
	

	
	
	
	BPSK/O-QPSK
	

	
	
	
	BPSK/O-QPSK
	

	868
	863-870
868.300
868.950
869.525

	EU/CEPT
	BPSK/O-QPSK
	100

	902
	902-928
	Americas, Australia
	BPSK/O-QPSK
	1000/?

	917
	917-923.5
	South Korea
	BPSK/O-QPSK
	

	
	
	
	BPSK/O-QPSK
	

	
	
	
	BPSK/O-QPSK
	

	920
	920-928
	Japan
	BPSK/O-QPSK
	200

	
	
	
	BPSK/O-QPSK
	600

	
	
	
	BPSK/O-QPSK
	1000

	2450
	2400-2483.5
	Worldwide
	BPSK/O-QPSK
	1000, 2000?



Channelization
902	902-928	Americas, Australia
2400	2400-2483.5	

The channel numbers, and spacing are as follows:
[bookmark: _GoBack]2402 + ((n-1) * 1.99MHz)
Where n = 1..41
904 + ((n-1) * 1.99MHz)
Where n = 1..15
The 1.99MHz spacing is used to minimize false lock and interference from spurious.
Reference modulator diagram
The functional block diagram in Figure 2 is provided as a reference for specifying the LECIM DSSS PHY modulation.  All binary data contained in the SHR, PHR, and PSDU shall be encoded using the modulation shown in Figure 2.


[bookmark: _Ref311191153]Figure 2 Reference modulator diagram
Convolutional FEC encoding

The convolutional encoder is the same as specified in the 802.11 standard.

The PSDU, and tail/pad parts, shall be coded with a convolutional encoder of coding rate R = 1/2. The convolutional encoder shall use the industry-standard generator polynomials, g0 = 1338 and g1 = 1718, of rate R = 1/2, as shown in Figure 3 below.


[image: ]
[bookmark: _Ref314729796]Figure 3 Convolutional encoder (k = 7)

Interleaver
The output of the convolutional coder is interleaved using a pruned bit reversal interleaving (PBRI) algorithm.
Below are examples of bit reverse interleavers for 3 fragment sizes (256, 384, 512).  Fragment sizes that are not powers of two e.g. 384 employ pruning.
256 symbols 

If the input sequence into the interleaver is represented by
[S0 S1 … S255]

Then the output sequence of the interleaver can be described as
[S0 S16 ..SN s255]

The value N for the Mth output is determined as the bit-reversal of the value M.

Representing the value M as a binary representation

M = [m7 m6 … m0] where mi are the binary digits, then

N = [m0 m1..m7]

where M is incremented sequentially from 0 to 255.

The sequence of N is thus,

     0   128    64   192    32   160    96   224    16   144    80   208    48   176   112   240     8   136    72   200    40   168   104   232    24   152    88   216    56   184   120
   248     4   132    68   196    36   164   100   228    20   148    84   212    52   180   116   244    12   140    76   204    44   172   108   236    28   156    92   220    60   188   124   252     2   130    66   194    34   162    98   226    18   146    82   210    50   178   114   242    10   138    74   202    42   170   106   234    26   154    90   218    58   186   122   250     6   134    70   198    38   166   102   230    22   150    86   214    54   182   118   246    14   142    78   206    46   174   110   238    30   158    94   222    62   190   126   254     1   129    65   193    33   161    97   225    17   145    81   209    49   177   113   241     9   137    73   201    41   169   105   233    25   153    89   217    57   185   121   249     5   133    69   197    37   165   101   229    21   149    85   213    53   181   117   245    13   141    77   205    45   173   109   237    29   157    93   221    61   189   125   253     3   131    67   195    35   163    99   227    19   147    83   211    51   179   115   243    11   139    75   203    43   171   107   235    27   155    91   219    59   187   123   251     7   135    71   199    39   167   103   231    23   151    87   215    55   183   119   247    15   143    79   207    47   175   111   239    31   159    95   223    63   191   127   255

384 symbols 

If the input sequence into the interleaver is represented by
[S0 S1 … S383]

Then the output sequence of the interleaver can be described as
[S0 S16 ..SN s383]

Representing the value M as a binary representation

M’ = [m’8 m’6 … m’0] where mi are the binary digits, then

N = [m’0 m’1..m’8]

where M is incremented sequentially from 0 to 512
and M’ are the ordered set of M whose corresponding N is less than 384
[this is the pruning process]

The sequence of N is thus,

     0   256   128    64   320   192    32   288   160    96   352   224    16   272   144    80   336   208    48   304   176   112   368   240     8   264   136    72   328   200    40   296   168   104   360   232    24   280   152    88   344   216    56   312   184   120   376   248     4   260   132    68   324   196    36   292   164   100   356   228    20   276   148    84   340   212    52   308   180   116   372   244    12   268   140    76   332   204    44   300   172   108   364   236    28   284   156    92   348   220    60   316   188   124   380   252     2   258   130    66   322   194    34   290   162    98   354   226    18   274   146    82   338   210    50   306   178   114   370   242    10   266   138    74
   330   202    42   298   170   106   362   234    26   282   154    90   346   218    58   314   186   122   378   250     6   262   134    70   326   198    38   294   166   102   358   230    22   278   150    86   342   214    54   310   182   118   374   246    14   270   142    78   334   206    46   302   174   110   366   238    30   286   158    94   350   222    62   318   190   126   382   254     1   257   129    65   321   193    33   289   161    97   353   225    17   273   145    81   337   209    49   305   177   113   369   241     9   265   137    73   329   201    41   297   169   105   361   233    25   281   153    89   345   217    57   313   185   121   377   249     5   261   133    69   325   197    37   293   165   101   357   229    21   277   149    85   341   213    53   309   181   117   373   245    13   269   141    77   333   205    45   301   173   109   365   237    29   285   157    93   349   221    61   317   189   125   381   253     3   259   131    67   323   195    35   291   163    99   355   227    19   275   147    83   339   211    51   307   179   115   371   243    11   267   139    75   331   203    43   299   171   107   363   235    27   283   155    91   347   219    59   315   187   123   379   251     7   263   135    71   327   199    39   295   167   103   359   231    23   279   151    87   343   215    55   311   183   119   375   247    15   271   143    79   335   207    47   303   175   111   367   239    31   287   159    95   351   223    63   319   191   127   383   255


512 symbols 

If the input sequence into the interleaver is represented by
[S0 S1 … S255]

Then the output sequence of the interleaver can be described as
[S0 S16 ..SN s255]

The value N for the Mth output is determined as the bit-reversal of the value M.

Representing the value M as a binary representation

M = [m8 m6 … m0] where mi are the binary digits, then

N = [m0 m1..m8]

where M is incremented sequentially from 0 to 511.

The sequence of N is thus,


 0   256   128   384    64   320   192   448    32   288   160   416    96   352   224   480    16   272   144   400    80   336   208   464    48   304   176   432   112   368   240   496     8   264   136   392    72   328   200   456    40   296   168   424   104   360   232   488    24   280   152   408    88   344   216   472    56   312   184   440   120   376   248   504     4   260   132   388    68   324   196   452    36   292   164   420   100   356   228   484    20   276   148   404    84   340   212   468    52   308   180   436   116   372   244   500    12   268   140   396    76   332   204   460    44   300   172   428   108   364   236   492    28   284   156   412    92   348   220   476    60   316   188   444   124   380   252   508     2   258   130   386    66   322   194   450    34   290   162   418    98   354   226   482    18   274   146   402    82   338   210   466    50   306   178   434   114   370   242   498    10   266   138   394    74   330   202   458    42   298   170   426   106   362   234   490    26   282   154   410    90   346   218   474    58   314   186   442   122   378   250   506     6   262   134   390    70  326   198   454    38   294   166   422   102   358   230   486    22   278   150   406    86   342   214   470    54   310   182   438   118   374   246   502    14   270   142   398    78   334   206   462    46   302   174   430   110   366   238   494    30   286   158   414    94   350   222   478    62   318   190   446   126   382   254   510     1   257   129   385    65   321   193   449    33   289   161   417    97   353   225   481    17   273   145   401    81   337   209    465    49   305   177   433   113   369   241   497     9   265   137   393    73   329   201   457    41   297   169   425   105   361   233   489    25   281   153   409    89   345   217   473    57   313   185   441   121   377   249   505     5   261   133   389    69   325   197   453    37   293   165   421   101   357   229   485    21   277   149   405    85   341   213   469    53   309   181   437   117   373   245   501    13   269   141   397    77   333   205   461    45   301   173   429   109   365   237   493    29  285   157   413    93   349   221   477    61   317   189   445   125   381   253   509     3   259   131   387    67   323   195   451    35   291   163   419    99   355   227   483    19   275   147   403    83   339   211   467    51   307   179   435   115   371   243   499    11   267   139   395    75   331   203   459    43   299   171   427   107   363   235   491    27   283   155   411    91   347   219   475    59   315   187   443   123   379   251   507     7   263   135   391    71   327   199   455    39   295   167   423   103   359   231   487    23   279   151   407    87   343   215   471    55   311   183   439   119   375   247   503    15   271   143   399    79   335   207   463    47   303   175   431   111   367   239   495    31   287   159   415    95   351   223   479    63   319   191   447   127   383   255   511

Differential encoding
As described in 802.15.4-2011 BPSK PHY section 11.2.3.
Bit-to-symbol and symbol-to-chip encoding
The bit-to-symbol mapper converts bits into binary symbols through the mapping:

These binary symbols are then spread to chip-rate with spreading factor SF.  This process is illustrated explicitly in Figure 3 below where SF = 8.  The symbols are first up-sampled SF times and interpolated using a scaled boxcar filter, i.e. the symbol is repeated SF times at chip-rate.  Note that this is a mathematical representation of the direct sequence spreading operation.  This process can be implemented in an alternative manner that is mathematically equivalent.  The up-sampled symbols are multiplied by a specified Gold Code to create the spread signal.  


[bookmark: _Ref311191229]Figure 4 Bit-to-chip diagram


Figure 5 Boxcar filter
Gold code generator
Gold Code sequences are a large family of easily parameterized PN sequences with good periodic cross-correlation and off-peak auto-correlation properties.  A Gold Code sequence is derived from the binary addition (XOR) of two Maximum Length Sequences (m-sequences, or MLS) as illustrated in Figure 5.  The m-sequences are generated using Fibonacci Linear Feedback Shift Registers (LFSR).  Each LFSR is constructed from primitive (or prime) polynomials over Galois Field 2 (GF[2]).   The resulting sequences thus constitute segments of a set of Gold sequences. The specific m-sequences listed below are the preferred pair as described in the 3rd Generation Partnership Project (3GPP) Technical Specification 25.213.  The Gold Sequence can be parameterized by setting the Initialization Vector of LFSR2 to different values (LFSR1 is always initialized to 0x1).
· m = 25 (Length of LSFR)
· n = 2m-1 =  33,554,431 (Length of Gold Code)
· n+2 = 33,554,433 (Total Gold Sequences) = {a, b, a*b, a*Tb, a*T2b, …}
LFSR (MLS) generator polynomials:
· p1(x) = x25 + x3 + 1
· p2(x) = x25 + x3 + x2 + x + 1


[bookmark: _Ref311191644]Figure 6 Gold code generator
BPSK/O-QPSK modulation
BPSK modulation
Same as 802.15.4-2011 BPSK PHY section 11.2.5?
The chip sequences are modulated onto the carrier using BPSK with raised cosine pulse shaping (roll-off
factor = 1) where a chip value of one corresponds to a positive pulse and a chip value of zero corresponds to a negative pulse. 

Chip rates/bands shown in table xyz.

Pulse shape
As described in 802.15.4-2011 BPSK PHY section 11.2.5.1.
Chip transmission order

During each symbol period, the least significant chip is transmitted first, and the most significant chip is transmitted last.

(further clarification on what is meant by least and most significant bit)

O-QPSK modulation
The chip sequences representing each data symbol are modulated onto the carrier using O-QPSK with pulse shaping. For even-indexed symbol, the even-indexed chips are modulated onto the in-phase (I) carrier, and odd-indexed chips are modulated onto the quadrature-phase (Q) carrier. For odd-indexed symbol, even-indexed chips are modulated onto the quadrature-phase (Q) carrier, and odd-indexed chips are modulated onto the in-phase (I) carrier. To form the offset between I-phase and Q-phase chip modulation, the Q-phase chips shall be delayed by Tc with respect to the I-phase chips, as illustrated in Figure 6, where Tc is the inverse of the chip rate.
[image: ]
[bookmark: _Ref311191269]Figure 7 O-QPSK chip modulation
17.1.2.7.2.1 Pulse shape4g 16.3.2.13 Modulation parameters for O-QPSK?  (why multiple shapes?)

0. Chip transmission order
Same as 802.15.4-2011 BPSK PHY section 10.2.7? 
During each symbol period, the least significant chip, C0,  is transmitted first, and the most significant chip, CSF-1, is transmitted last.

(further clarification on what is meant by least and most significant bit or reference Figure 6 CSF-1)

FSK PHY specification

(informative)
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