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Soft packet combing for STC re-transmission to improve H-ARQ
performance in MIMO mode

1 Background

The current HARQ scheme in IEEE802.16REVd/DS5 [1designed for single antenna operation. If a usexperiencing
a deep fading and moving slowly, many retransmigsioay be needed in order to recover the transhdtéa. In MIMO
mode, we can exploit spatial diversity to enhante HARQ performance through proper arrangementhef re-
transmission packet. In this contribution, we filigcuses the soft packet combing for MIMO, themppises the text to be
incorporated into the standard.

1.1 Soft packet combing for MIMO

In the MIMO mode transmission, if the packet ateieer decoding is in error, then a re-transmisstorequested, the
MIMO transmitter can use the same STC format teamrd the packet. In this case, the packet can-tranmsmitted use
the same FEC encoded packet or can be re-trandmisieg different FEC redundancy, the re-transuhiftacket and
erroneous packet can be combined in soft symbah for can be decoded with the re-transmitted paakdterroneous
packet as a code coming. This is so called hybR@QAHowever, the benefit of the H-ARQ can be furisgended to the
space time domain in the MIMO mode. This is soechiboft MIMO packet combining. The key advantagéhef soft
MIMO packet combining over the existing FEC basefR® is that MIMO packet combing can further expltie
spatial diversity of the MIMO channel, this is pamntar effective when the channel fading is sloingce the conventional
FEC based H-ARQ mainly relies on time diversityingorove the throughput. As we can see that the MIptaket
combing can significantly reduce the re-transmissiomber and reduce the packet re-transmission timehat follows,
we present a solution for IEEE802.16d. Assumeitisetfansmit MIMO packet is a spatial multiplexing

[zj if the re-transmission of the same packet is serttie form of{ Sz } then the T and 2° transmission can be

St

jointly decoder as an Alamouti space time blockecoldh additional to the soft combing gain, suchedaransmission
allows to further exploit the space time block ewgigain. If the 2 transmission is still in error, then thé& 3e-

transmission can be sent %él} such that the™ and 3" transmission to form a space time block code, taybe jointly

decoded. After STC decoding, th& $TC decoding output and2STC decoding output can be combing at FEC code
symbol level by using Chase combing. The majoraathge of this technique is in the slow fading cadeere the
coherent time is large; the temporal diversity g tonventional FEC based H-ARQ causes long paek@nsmission
delay, e.g. when in the deep fade. The issue agsdcivith the STC based MIMO soft-packet combinthésin the fast
fading, the channel can vary significantly betwées re-transmission; therefore, the straightforwala@mouti decoding
becomes not effective. To solve this problem, waladreat the re-transmission packet as additimralal receive
antennas and jointly decode the consecutive trassom as a zero-forcing receiver for the 2x4 spatidtiplexing mode.

M, by, higg

Fon | | hozy,  hoay { S }
rthz hiz,t2 - hi],t2 S,
r2*,t2 h;2,t2 - h;ltz

* _1 *
We haver = HS then the soft MIMO packet combing outputSs= (H H) H 1, note that here the soft combing is

simply a re-use of the spatial multiplexing recei@gure 1 shows the performance advantages afafievIMO packet
combing solution. In this case, the 5ms re-transimisdelay and one re-transmission are assumedn lbe seen clearly
that space time diversity improves significantlg fpacket re-transmission performance. For the 3lepded Alamouti
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decoder and zero-forcing SM decoder have the saniermance. For the 100km/h speed, and zero-forfsiMglecoder
is used.

Comparison of Soft MIMO Packet
Combing and H-ARQ

(ITU-VA, R=1/2,QPSK, 5ms re-tranmsission delay)

‘ FEC based H-ARQ m Soft MIMO Packet Combing ‘
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Figure 1 Performance for soft MIMO packet combing

2 Specific text changes

2.1 Soft packet combing for MIMO

[Add new section 8.4.8.9]
--------- Start text proposal-------

8.4.8.92.3.6 MIMO sub-packet combing

In the MIMO transmission, for both downlink and uplinke MIMO sub-packet re-transmission can be generated by th&irfpace
time code incremental redundancy version. The transmissioforueace time coded incremental redundancy codes set is listed in
Table aaa-2 and Table aaa-3.

Table aaa-2 H-ARO Incremental space time coding redundancy (2-transmit antenna case)

initial transmission odd re-transmission even re-transmission
Space time code r * r * r *
incremental redundancy fo 82(0) | TS SZ(Odd) —-|7S2 S Sz(e'\/en) S TS
matrix A s * s

[S2 S L St 2 [S2 S

Space time code r s, B * B
incremental redundancy fo SZ(O) — SZ(Odd) —| ™% Sz(even) — S
matrix A S, Sl* S,

Table aaa-3 H-ARQ Incremental space time coding redundancy (4-transmit antenna case)

‘ initial transmission | odd re-transmission ‘ even re-transmission
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Space time code ot [ ot
incremental redundancy fo S 5:2 0 0 W S*Z S 0 0 S 5*2 0 0
matrix A SO - s, § 0 0 g (odd) _ S S, 0 0 g (even) _ S, S 0 0
4 - * A - * A - *
0 0 s -s 0 0 -s s 0 0 s -s
0 0 s s | |0 0 s 5 0 0 s s
Space time code ot _ ] [ _t " s
incremental redundancy fo S Sf Ss 57* Sf ! 37* Ss S1 Sf S5 57*
matrix B SO S S ~S gl _| S S ~% S gleen) _|S2 S S TS
4 * * 4 - * * 4 - * *
S - Sf Sz 55* =S, S35 S5 S =S, S S
S4 S35 S S | LSs S4 S S Sy 53* Sg 56*
Space time code *
incremental redundancy fo St - S S
matrix C [S * s
0
54( ) —| ™2 S4(odd) - S . S4(even) —| 2
SS - S4 SS
Ss S5 S,

The MSS shall process the initial transmissidhrettransmission and'®@re-transmission etc in the form of space time decoding. The
re-transmission of FEC code word shall use the Chase comditngnsmission version, in this case, the sub-packet B8R is
always set to zero in section 8.4.9.2.3.6.

[1] IEEE P802.16-REVd/D5-2004 Air Interface For €tkBroadband Wireless Access Systems



