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Wireless Packet Scheduling Algorithms based on Link Level
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ABSTRACT

We propose a new wireless fair queueing algorithm, WFQ-R (Wireless Fair Queuveing with Retransmission),
which is well matched with the LLR (Link Level Retransmission) algorithm and does not require channel
prediction. In the WFQ-R algorithm, the share consumed by retransmission is regarded as a debt of the
retransmitted flow to the other flows. Thus, the WFQ-R algorithm achieves wireless fairness with the LLR
algorithm by penalizing flows that use wireless resources without permission under the MAC layer. Through
simulations, we showed that our WFQ-R algorithm maintains fairness adaptively and maximizes system
throughput. Furthermore, our WFQ-R algorithm is able to achieve flow separation and compensation.
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1 on session i receiving packet p:

2 i (ig 4) [
3 v; e max (v;, minge 4 v }; i
4 lag; « 0, ‘
5 A « AU {i};/* mark flow active*/ |
i6 enqueue(gueue;, p);

7

8 on sending current packet: / * gef next packet to send * /

9 i< min, {ieA};

10 if (lag; 20 or (lag; <0 and 5; < av;))

11 /* flowinon - leading or leading with graceful degradatton */
12 send_pkt(i, i); /* flowiserved through v; selection*

13 else /* flowiis leading and not allowed to send * /

14 / * select lagging flow j to compensate* /

15 j(—minck(keAllag,c > 0}

16 if (J exists)

i17 send_pkt(j, i);/ * serve flow j but chargetoi*/

18 if (i = j and empty(queune;) and lag]- > 0)

19 leave(j); /* j becomes inactive * /

20 else / * there is no lagging flow* /

21 send_pkt(i, i); / * serve given back to ﬂow i*/

22 if (empty(queue,) and /ag; 2 0) !
23 leave(i); / * i becomes inactive* /

24

25 send_pkt(j, i}/ * serve flow j but chargetoi*/
26 p <« dequeue(quene;);

27 v, e v;+plength [ 7;;

128 if (i=j and lag; <0 and 5; < av;)

i29 /* flow i is leading and served through v; selection™ /
130 s; < s;+ plength [ r;;

TRt (AP

32 Iagj « lagj — p.length; /* flow j has gain extra service* /
33 if (lag; > 0) /* j continues to be lagging * /

34 cj<cj+plength [ ry;

35 if (lag;+p. length > 0 and lagj <0)

36 /* j just becomes leading * /

37 sjeavy;

138 lag; « lag; + p.length; / * flow i has lost service* /

“39 if (lag; — p.length <0 and Iag, >0)

140 /*1i just becomes lagging *

41 ¢; = max (¢;, mmkEA{ck Uagk >0y

42 send_and_charge(p,/, i);

43 / * send pkt with retransmission and charge overhead * /

T8l 4. WEQ-R ¢2]& PART!

44 send_and_charge(p, j,i); /* send pkt p with retransmission* /
45 /* and charge overhead * / i
46  used,, < send(p); /*send pkt p through MAC layer and * / !
47 /* veturn used wireless resources due to retransmission™® /

48 if (used,, <0 or A~ {j}=@)/*if noretransmission or */

49 return; /* no other flows,thenreturn*/
50  charged « charge(used,,,, j); / * charging overhead depending * /

51 /* on compensation type* /

‘52 if (1 jand lag ; <0) /* flowiis leading and served throughv; * / ‘
153 sj < sj+charged [r;; :
154 else /* in-sync or lagging ini=j,or i+ j */

55 lag ; « lag ; ~ charged; /* flow j has gain extra service* /

56 if (lag; >0) /* j continues to be lagging * /

57 cjechrcharged/rj;

58 if (lag;+p. lengih > 0and Iagj < 0)/* j just becomes leading * /
159 S avy

160 for (I cd- {j}) / * other flows ditributively get share*/
61 lag;_before < lagp;

62 lag; elag1+charged><r7/2k5‘4 s

63 if (lag]_pefore <0 and lag; > 0)

64 /*i just becomes lagging * /

65 ¢; = max (¢, ming. 4{cg |lagg > 0});

66

67 charge(used,.s, j) / * calculate amount of charging overhead* /
68  switch (COMPENSATION_TYPE)
69 case FLOW_IN_CHARGE :

70 / * entire overhead is charged to the retransmitted flow* / !
71 return usedygy x (L~ r; [Zic a7 ); |
72 case SER VER_IN7CHARGE

73 / * overhead is distributively charged to flows in the server * /

74 return used,o x (1= r; [Zpe g )X 7; [Lked s

75

76 leave(i) /* flowileaves* /

77 A<« A\

[Ug
78  for (j e A)/ *update lags of all active flow*/
79 if (Jag; <0 and lag ; +lag;xrj [Zge s > 0)

80 /* j just becomes lagging * /

81 ¢; < max (¢;, minge 4{cy |lagy > 0});
82 lag; « lag; +lagixrj [Lreamis

i83 if (3 e 4 s.t. empty(quene;) Alag; > 0)
i84 leave();

. - |
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Parameters Definitions
Vi Virtual time of flow i
The difference between the service that
flow i should receive in a reference
error-free packet system and the service it
be has received in the real system (lagging if
positive, leading if negative, and in-sync
otherwise)
A The set of active flows
Minimal fraction of service retained by
¢ any leading flow
Normalized amount of service actually
Si received by a leading flow i since it
became leading
Normalized amount of compensation
“ service received by a lagging flow i
1S The rate of flow i
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Wireless Channel

Bandwidth: 1.5Mb
Delay: 10ms . 7
....
Channel .
Server J©

Packet Size: 1KB, Queue Size: 5KB
Packet Generation Interval: 8ms

Receiver 1

Flow 1 erfor-free

start: 0s

Flow 2
start: 0.4s

Receiver 2
error-free

Flow 3
start: 1.3s

- Receiver 3
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All flows have same weights
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