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5.3.2.1 Scheduler. When the net accessis embedded in the radio, a scheduler may be
implemented in the DTE or communications processor to organize radio access throughout the
network. The scheduler is used to provide a random distribution of timing for channel requests.
When a gtation has data to transmit, it shall calculate the scheduler timer asindicated in Appendix
C (C4.4.4.1). When thistimer expires, the link layer shall first determine that the previous frame
concatenation was transmitted by the physical layer. If the frame concatenation was not
transmitted, the link layer shall request its transmission. If ahigher precedence individual frame
becomes available for transmission, the concatenated frames shdl be re-built to include the higher
precedence frame. If the previous frame concatenation was transmitted, the link layer shall build a
new frame concatenation. This frame concatenation shall then be passed to the physicd layer for
transmission. Both randomized and immediate scheduler modes are specified in Appendix C
(C4.4.4.1.1and; C4.4.4.1.5and C4.4.4.1.6, respectively).



M L- STD- 188- 220B: 20 January 1998

C. 4.4.4. Radio—-enbeddedRadi o enbedded network access del ay
( RERE-NAD) .

C.4.4.4.1. RE—RE-NAD nedi a access. The radieo—enbeddedradi o
enbedded network access delay (RE-RE-NAD) DTE data |ink

| ayer uses a i-persistent—channel access protocol between
the DTE (DMID or C. 41 system) and DCE which is influenced by
radio net voice activity. Wen the continuous schedul er
interval timer (Tc) expires and the previous series of
concat enated franmes was successfully transmtted, a new
series of frames is sent to the physical layer. If there is
a pending series of concatenated franes, its transmssion is
requested again. It should be noted that the physical |ayer
hol ds the series of concatenated franmes when channel access
has been denied. If channel access was denied a new Tc tiner
is calculated and channel access for transm ssion of the
pendi ng series of concatenated franes is requested when the
new Tc tinmer expires. If a higher precedence individual
frame becones avail able for transm ssion, the concatenated
frames shall be re-built to include the higher precedence
frame. For the

Type i—acknowtedgrent3, the RE-RE-NAD portions in both DTE
and DCE are suspended and channel access is controlled by
the RHD and TP processes. The RE-RE-NAD algorithmis resunmed |
foll ow ng expiration of the TP tiner.
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C.4.4.4.1.1. Random schedule interval. 1In order to achieve
hi gh performance radi o network conmuni cation, efficient
channel access and nulti-I|evel precedence, a i-—persistence
fast attack slow decay RERE-—-NAD algorithmis inplenmented in
the DTE. This algorithmuses the "continuous schedul er”
concept to provide a randomdistribution of timing for
channel access via the Tc interval tiner. The Tc interval
tinmer is the sumof a fHxedintervalvoice conponent and a
randeom-intervaldat a conponent. Feffset+sthe fixed
interval. The fixed interval s dependent on the |ocal
station-—s—recent—use—of thechannel—and-The voi ce conponent
is a fast attack slow decay function permtting voice to

i medi ately sl ow down the scheduler (fast attack) while
gradual | vy speedinq t he schedul er back up to normal as | ong
as there isn't any voice on the radio net (slow decay). It
i s described nDre fuIIy in C4.4.4.1.2 Ihe—F&HdeﬁkkﬂPeFV&F

channel—The data conponent is a randoni zati on around net

size and the Fload al gorithm It is discussed in
C4.4.4.1.3 and C. 4.4.4.1.4.

The value of Tc is recal cul ated perioedically—after every
| ocal transm ssion attenpt fromthe expression:

Tc = Feffset—voice factor +
uni f or m random( sehedint-Schedul er | nt erval)

wher e uni form random (sehedint-Schedul erinterval) is a
uni form random nunber function using the range

0— - sehedintSchedul erl nt erval

Uni form randomreturns an integer val ue.
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C.4.4.4.1.2. Voice component. The voice factor in C.4.4.4.1.1 is a value bound by its minimum and
maximum limits. The maximum voice factor (range= 0.3 to 10.0 sec) is the upper bound on the value
of the voice factor. The minimum voice factor (range=0.3 to 10.0 sec) is the lower bound on the value
of the voice factor. The initial voice factor value shall be the minimum voice factor value. Detection
of voice on the radio net increments the voice factor value while the absence of voice decrements the
voice factor value.

C.4.4.4.1.2.1 Fastattack. Voice detection shall increment the voice factor by the voice factor
increment value (range=0.0 sec to 10.0 sec) as indicated below.

a. If the voice factor is at the minimum voice factor value (see C.4.4.4.1.2 above), the
scheduler is incremented immediately to protect the next voice hit.

b. Otherwise, the increment occurs at the next scheduler expiration

The voice factor value is upper bounded by the maximum voice factor (see C.4.4.4.1.2 above)

C.4.4.4.1.2.2 Slow decay. The voice factor shall be decremented every time the NAD expires by the
voice decrement value (range=0.0 sec to 10.0 sec). The voice factor value is lower bounded by the
minimum voice factor. G-4-4-41.2- i - "
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C4.4.4.1.3. Calculation of the schedul er random paraneter. The
par anet er sehedint—Schedul erlnterval depends on queue | engths and

average—concatenatedfraretransmt—duration—t he nunber of net

nenbers transmtting data as foll ows:

schedint—Schedul erl nterval = e —m = i =
max|[ NADScal eTi ne_ * (NumActi veMenbers/16)] * Fl oad
m ni munk(settable range=0.1 to 3.0 sec)
maxi mune(settabl e range=1.0 to 50 sec)

wher e:
Flrans—=-Averageconcalenaledtrane—Lransni
durat+en—NADScal eTi ne = adjustnent factor (range=0.1 — 5.0
sec)

Fsehed—=—ScheduHngFactor—mn——=3Sseconds—max—20
seconds—NunmAct i veMenbers = nunber of net nenbers actively
transmtting data on the net. Al net nenbers are within
two intranet hops of the node deternining this val ue.

Conti nuous cal culation of this value shall be perforned
based on the nunber of known active data transmtters on the
net. A station’s own status is included in this count.

Nei ghbor agent tiner — this tiner (range=1 — 600 sec) is
used to age out net nenber active status. Wen this tiner
expires and a data transm ssion has not been received froma
net menber, that net menber is narked inactive. This timer
shoul d be greater than the topol ogy update tiner to assure
net nenbers are not aged out between topol ogy updates in
fragnment ed nets.

sehedint—Schedul erl nterval shall be reconputed after every
transm ssion by the DITE.
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C.4.4.4.1.4. Calculation of the seheduling—Load factor_ (Fload). Fhe
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C444 143 —Caleuvlationofthetoad Factor—The Load Factor is conputed
ina fully
di stributed manner by every node in the net. In the transm ssion header,

is the six |least significant bits of the second octet (as

indicated in the Queue Precedence and Queue Length subfields of Figure 10
in section 5.3.1 of this docunent) are dedicated to transmtting the nunber
of nessages at the highest priority level remaining in the information
frame queue; the remaining two bits are spare. _The g
bits—{(MSBytwo | east significant bits (LSB) indicate the |level of the




i ndi cate the nunber of frame concatenations-s required to transmt all of
t he nessages at the above priority level. The four LSB-MSB are quantified
as shown in Table C 1.

hi ghest priority message. _The threeteastfour nost significant bits (M=SB) ’

TABLE CG-1. Calculation of the |oad factor.

Nunmber of Concatenated Franes Required Figure 10 Bit |
Pattern

bit 7654

0.0 00O00O
0.0 (exclusive) - 0.5 (inclusive) 0001
0.5 (exclusive) - 1.0 (inclusive) 0010
1.0 (exclusive) - 2.0 (inclusive) 0011
2.0 (exclusive) - 3.0 (inclusive) 0100
3.0 (exclusive) - 4.0 (inclusive) 0101
4.0 (exclusive) - 5.0 (inclusive) 0110

> 5.0 0111

The Load Factor takes on val ues such that 1.0 < Fload < 18.0. The m ni num
value of 1.0 places an upper |limt on the speed of the schedul er per the
Fsched equation in C. 4.4.4.1.4. The value of 18.0 provides a useful range
for adaptation of the scheduler due to differing traffic |loads, and is
divisible by 2 and 3, resulting in integer ranges for the three different
precedence val ues. Higher values of the Load Factor indicate that the node
has shorter queues of equal or lesser priority. In cases of high |oad
factor, it is desirable to increase the scheduling interval to give

nei ghbori ng nodes with higher priority or |onger queues of equal priority
nore opportunities to transmt. The Load Factor is calculated after every
expiration of the scheduler, prior to calculation of the next expiration.

ALGORI THM Cal cul ati on of the Load Factor, Fl oad.

1. Det erm ne the nunber of unique nei ghboring node priority |evels
broadcast by all the nodes including this one. This data is taken
fromthe |last transm ssion received fromeach nei ghboring node.

2. Divide the interval 0.0 to 18.0 into equal segnents, one per
uni que announced priority level. The first segnment (0.0 to 9.0
for two levels) is allocated to the highest priority traffic.
Define the Segnment O fset as the | ower bound of the chosen
segnent. For two precedence |levels, the Segnent Offset is 0.0 for
the highest precedence and 9.0 for the Lowest Precedence. Define



t he Segnent w dth equal to 18. 0/ Nunber of precedence |evels.
For all three precedence |evels, each precedence | evel has a
segnent width of 6.0

3. Each segnment is subdivided into n unique |evels where n is the
nunber of unique quantified concatenated frane | engths reported
by the nei ghbori ng nodes and the node doing the conputation. In
the case of only one length, all nodes use the m dpoint of the
segnent. In the case of nultiple lengths, these lengths are
ordered fromlongest to shortest (1 ->n). In the follow ng
conput ati on of Load Factor, a node would use a value of m
determned by its position in that ordering. Al nodes with the
| ongest quantified |length use the value 1, while those with the
shortest use the value n for variable min the foll ow ng

equati on:
Load Factor = Segnent offset + (Segnment width*m/(n+l)
wher e
Segnent Offset is the Lower bound of the segnment chosen by
precedence | evel from step 2.
Segnent Wdth is the maxi num Load Factor (18) divided by the
nunber of uni que precedence |evels
n is the nunber of unique quantified queue |engths.
mis this nodes positioning within the ordering of
quantified queue | engths.
TABLE C-2. Calculation of the |oad factor -- exanple 1.
Node Numnber Hi ghest Precedence Quantified Queue Load Fact or
Lengt h
1 Rout i ne 0001 12.0
2 Rout i ne 0001 12.0
3 Rout i ne 0011 6.0
4 Rout i ne 0011 6.0

Al'l nodes conpute the |load factor in the follow ng manner.
1. There is only 1 unique priority |evel (Routine).
2. The Segnent is determ ned to enconpass the whol e range 0->18.
3. The Segnment O fset is the | ower bound (0).

4. The Segnent Wdth is the entire range (18).



5. Two uni que Quantified Queue Lengths are noted. The value of nis
set to 2.

6. The uni que Quantified Queue Lengths are ordered fromlongest to
shortest (3,1).

7a. Nodes 1 and 2 note that their positioning in this sequence is 2
and set mto 2.

7b. Nodes 3 and 4 note that their positioning in this sequence is
first and set mto 1.

8a. Nodes 1 and 2 conpute their load factor fromthe equation
Load _Factor = Segnment O fset + (Segnent Wdth*m)/(n+1)

=0+ (18 * 2) /| (2+1) = 12

8b. Likew se, Nodes 3 and 4 do the Load Factor conputation.
Load Factor = 0 + (18 * 1) / (2+1) =6
TABLE C-3. Calculation of the |oad factor -- exanple 2.

Node Numnber Hi ghest Precedence Quantified Queue Load Fact or
Lengt h

1 Rout i ne 0001 13.5

2 Rout i ne 0001 13.5

3 Ur gent 0010 6.0

4 Ur gent 0011 3.0

Al'l nodes conpute the |load factor in the follow ng manner.

1.
2.

There are two uni que precedence |evels (Urgent and Routine).

The | oad Factor Range is divided into two segnents 0-9, 9-18. The
segnent 0-9 is reserved for Ugent, while the segnent 9-18 is
reserved for Routine.

The Segnent O fset is the | ower bound of the segnent. The Segnent
Ofset is O for Ugent and 9 for Routine.

The Segnent Wdth for both precedence levels is the entire range
(0->18) divided by the nunber of precedence |evels. Segnent Wdth
= 18/2 = 9.

Nodes 1, 2 performthe follow ng conputations:



Nodes 3, 4

There is only one Quantified Queue Length. Thus, n is equal to 1
and since there is only 1 length both nodes use the first
position in the sequence and set mto 1.

Load Fact or = Segnment O fset + (Segnment Wdth*nm)/ (N+1)
=9+ (9* 1) / (1+1) = 13.5

performthe foll ow ng conputations.

The uni que Quantified Queue Lengths are ordered fromlongest to
shortest (3,2). There are two unique |engths which sets the
value of n to 2.

Node 3 has a length of 2 which occupies position 2 in the
ordering of step 7. Because is occupies position 2, the val ue of
mis set to 2.

Load_ Fact or = Segnment O fset + (Segnment Wdth*m)/ (n+l)
=0+ (9* 2) [/ (2+1) =6

Node 4 has |length of 3 which occupies position 1 in the ordering
of step 7. Node 4 sets it's value of mto 1

Load_Fact or = Segnent O fset + (Segnent Wdth*nm)/ (N+1)
=0+ (9* 1) / (2+1) =3
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C4.4.4.1.5 100nsec Innedlate node schedullng Fhre—averagesechedung

“In lightly | oaded nets quicker access to
the radio net nediumis provided through the “ 100nsec i medi ate node"
scheduling all types except Type 1 ACK PDUs as foll ows:

ab. If the scheduler expires and the follow ng conditions are net:

(1)there are no concatenated frames awaiting transm ssion, (2) the
RE- NAD voice factor is at its m ninmumvalue, and (3) all other
nenbers of the net reported transm ssion queue | engths of zero; set
| medi ate Mode t+uet o READY. _Conpute and start the next random
interval of the continuous schedul er (Tc).

be. When an information PDU arrives for transm ssion and | nmedi at e Mbde
i s trueREADY, cancel the previuosly schedul ed Tc eempute—and assign
a scheduling interval as follows:

Tc = 100 nsec

ce. Wien this is done, Inmediate Mode is
scheduled—Fe—is—tobe——canceledset to ON. The 100 nsec al l ows an
opportunity for nmessages which have been
segnent ed/ f ragnent ed/ recei ved to be piggy-backed into the sanme
series of concatenated franmes. This increases efficiency wthout
i nposi ng del ay.

e—d. When the schedul er expires due either to the Tc scheduled as a
result of the i medi ate node operation or due to normal continuous

operati on,
MH—SHb-188220B—20January—31998

and | -frame(s), S-frane(s), Uframe(s) or a frane concatenation are
pendi ng, perform concatenated frame processing as nornmally i s done.




Conmpute and start the next randominterval of the continuous
scheduler (Tc) in the normal manner.

continuous node operation Any traffic,
during the i mmedi ate npde operation shall abort the 100nsec

| medi ate Mobde and set it to OFF. The scheduler is then conputed
in the normal manner.

CA4.4.4.1. 6l medi ate node scheduling. |If the PDUis Type 1 (ACK or UnACK),
the Tc is set to 0.0 seconds which pernmts net access to be controlled
wi t hout a randoni zed schedul er infl uence.
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