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Video Telephony: performance of FLO-based coding schemes

1 Introduction

At GERAN#21, a proposal to modify the E-TCH/F32.0 interleaving depth from 110ms to 60ms was presented in order to meet the QoS for video telephony [1]. Change Requests to 45.001, 45.003 and 45.005 were presented for Rel-4, Rel-5 and Rel-6 [3]

 REF _Ref85431860 \r \h 
[4]

 REF _Ref85431861 \r \h 
[5]

 REF _Ref85431862 \r \h 
[7]

 REF _Ref85431864 \r \h 
[8]

 REF _Ref85431876 \r \h 
[9]

 REF _Ref85431878 \r \h 
[11]

 REF _Ref85431882 \r \h 
[12]

 REF _Ref85431884 \r \h 
[13]. In addition it was also proposed to make the modification to Rel-99 [2]

 REF _Ref85431932 \r \h 
[6]

 REF _Ref85431934 \r \h 
[10]. The CRs to modify the E-TCH/F32.0 coding scheme were rejected and, following the discussion of [14], and it was agreed to open a new work item [15] to study video telephony in the Release 7 timeframe. However, it may still be desirable to have a solution for Release 6 and earlier. In this case, the aim is to provide the service using a 64kbit/s ECSD bearer. As demonstrated in [16], the performance of E-TCH/F32.0 is such that approximately 18.5dB would be required to meet the video telephony QoS BER requirements (BER = 10-4). In the interests of obtaining good link layer performance, video quality and to avoid network re-planning, one possible improvement is to use new coding schemes. In this document new coding schemes based on FLO are considered and the performance assessed against that of E-TCH/F32.0 with different interleaving depths.

2 Coding schemes

The E-TCH/F32.0 coding is unchanged. Interleaving depths of 40ms, 60ms, 80ms and 110ms have been used.

	Bitrate (kbps)
	32.0

	Frame size (bits)
	640

	CRC bits
	0

	Reed Solomon code
	(92, 80), systematic

	Convolutional code 
	rate ½, constraint length 6

	No. of punctured bits
	116

	Interleaving depth (ms)
	40, 60, 80, 110

	Modulation
	8PSK


Table 1: Coding scheme for E-TCH/F32.0 with interleaving depths of 40, 60, 80 and 110ms.

The interleaving algorithms used for E-TCH/F32.0 are the same as those proposed in previous contributions [16].

For the simulation using a FLO-based coding scheme, the following parameters have been used.

	Bit rate (kbps)
	32.0

	Frame size (bits)
	640

	CRC bits
	0

	Reed Solomon code
	None

	Convolutional code
	rate 1/3, constraint length 6

	No. of punctured bits
	570

	Interleaving depth (ms)
	40, 60, 80

	Modulation
	8PSK

	TFCI bits
	24 (to account for the E-IACCH)

	Block size after rate matching
	1368


Table 2: Coding scheme for FLO-based coding scheme with interleaving depths of 40, 60, and 80 ms

For the Flexible Layer One the current interleaving algorithm is capable of supporting 40ms and 80ms diagonal interleaving. However, for 60ms interleaving a small change to the algorithm is required, which is described in the Annex.

24 coded TFCI bits have been used to account for the coded E-IACCH channel included inband with ESCD logical channels, as defined in section 3.11.5 of TS 45.003.

If such a coding scheme is used, it will be necessary to define the puncturing pattern also. In these simulations the puncturing pattern was generated using the FLO Rate Matching algorithm as defined in TS 45.003. The puncturing pattern used can be found in the Annex.

3 Simulation parameters

The link layer simulations were carried using Siemens bit-exact link layer simulator. The parameters used in the simulations are summarized in Table 3. 

	Radio Channel Profile
	TU3

	Interference
	Co-channel

	No. of frames
	50000

	RF impairments modelled
	None

	Reed-Solomon decoder
	Hard bit decoder


Table 3: Simulation parameters

Simulations were carried out with and without Frequency Hopping.

4 Results

In this section the BER performance of each of the FLO-based coding schemes with interleaving depths of 40, 60 and 80 ms are presented and compared with the corresponding E-TCH/F32.0.

4.1 With Frequency Hopping

The performance of the FLO based schemes compared to E-TCH/F32.0 with 110ms interleaving is presented in Figure 1.
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Figure 1: Co- channel interference BER performance of ETCH/F32.0 with 110ms interleaving and FLO-based coding scheme with 40, 60, 80ms interleaving for TU3 with Frequency Hopping.
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Figure 2: Co- channel interference performance of ETCH/F32.0 and FLO-based coding scheme with 40 ms interleaving for TU3 with Frequency Hopping.
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Figure 3: Co- channel interference performance of ETCH/F32.0 and FLO-based coding scheme with 60 ms interleaving for TU3 with Frequency Hopping.
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Figure 4: Co- channel interference performance of ETCH/F32.0 and FLO-based coding scheme with 80 ms interleaving for TU3 with Frequency Hopping.

4.2 Without Frequency Hopping
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Figure 5: Co- channel interference BER performance of ETCH/F32.0 with 110ms interleaving and FLO-based coding scheme with 40, 60, 80ms interleaving for TU3 without Frequency Hopping.
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Figure 6: Co- channel interference performance of ETCH/F32.0 and FLO-based coding scheme with 40 ms interleaving for TU3 without Frequency Hopping.
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Figure 7: Co- channel interference performance of ETCH/F32.0 and FLO-based coding scheme with 60 ms interleaving for TU3 without Frequency Hopping.
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Figure 8: Co- channel interference performance of ETCH/F32.0 and FLO-based coding scheme with 80 ms interleaving for TU3 without Frequency Hopping.

5 Summary

The BER performance of E-TCH/F32.0 and FLO-based coding scheme with different interleaving depths is summarized below:

	Interleaving depth [ms]
	E-TCH/F32.0 [dB]
	FLO-based coding scheme [dB]
	Gain of FLO-based coding scheme over E-TCH/F32.0 [dB]

	40
	17.7
	15.9
	+1.8

	60
	16.5
	14.6
	+1.9

	80
	16.0
	14.1
	+1.9

	110
	15.2
	-
	-


Table 4: Performance of E-TCH/F32.0 and FLO-based coding scheme at BER = 10-4 for TU3iFH, co-channel interference.

	Interleaving depth [ms]
	E-TCH/F32.0 [dB]
	FLO-based coding scheme [dB]
	Gain of FLO-based coding scheme over E-TCH/F32.0 [dB]

	40
	29.0
	28.2
	+0.8

	60
	28.2
	27.3
	+0.9

	80
	27.3
	26.4
	+0.9

	110
	26.8
	-
	-


Table 5: Performance of E-TCH/F32.0 and FLO-based coding scheme at BER = 10-4 for TU3nFH, co-channel interference.

As can be seen in Table 4, gains of approximately 2dB can be obtained using the FLO-based schemes compared to E-TCH/F32.0 coding with Frequency Hopping. Without Frequency Hopping more modest gains of around 0.9dB are obtainable as in Table 5. The results presented in this document do not include any implementation margin. 

6 Conclusion

Based on the results presented in the previous section, it is clear that there is a benefit to using new coding schemes compared to the current E-TCH/F32.0 scheme. When using 60ms interleaving the FLO-based scheme provides a gain of almost 2dB compared to E-TCH/F32.0 with Frequency Hopping. Including implementation margin it is estimated that a CIR of approximately 16.5dB or more will be required to maintain a BER of 10-4. Hence, it is proposed to adopt the coding schemes based on Flexible Layer One using 60ms interleaving as summarised in Table 2 in section 2 of the present document.

Siemens’ preference is to have the FLO-based coding scheme as a substitution to the existing E-TCH/F32.0 coding scheme. If necessary, new logical channels could be added for Release 7.
Note that “FLO-based coding scheme” refers to a coding scheme compatible with FLO, but without the TFCI bits. For implementation purposes this means introducing a new coding scheme in the BTS, but does not require FLO over the A interface. Although FLO over A is considered technically feasible, nonetheless it requires considerable modifications to the FLO architecture, which is unlikely to be completed within Release 6. It is therefore proposed to consider the introduction of FLO over A only within the Release 7 timeframe.
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8 Annex

8.3 Flexible Layer One: algorithm for 60ms interleaving

The algorithm below has been used to support 60ms block diagonal interleaving for full rate channels, based on the algorithm contained in TS 45.003. Note that algorithm below will not work for 60ms interleaving on half rate channels. The only modification required is the change of the formulae:
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Hence, the interleaving is based on the following equations:

for k = 0,1,2, …K-1


[image: image13.wmf]D

k

b

mod

=


for block diagonal interleaving:
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where:

j
is the position of the bit k within the burst b;

D 
is the interleaving depth in bursts;

J 
is the burst size in bits;

K
 is the size of the radio packet in bits (K = Nradio);

M
is the size of the radio packet in bursts (M = K / J ).

For 60ms interleaving the algorithm becomes:
for k = 0,1,2, …,1367
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8.4 Flexible Layer One: Rate matching puncturing pattern

In the simulations carried out in this paper, the rate matching algorithm was used to generate a suitable puncturing pattern. The puncturing pattern generated by the rate matching algorithm is defined below:

From the block of 1938 bits generated after the convolutional encoder c(0)….C(1937), the following 570 bits are not transmitted:

c(2), c(5), c(8), c(12), c(15), c(19), c(22), c(25), c(29), c(32), c(36), c(39), c(42), c(46), c(49), c(53), c(56), c(59), c(63), c(66), c(70), c(73), c(76), c(80), c(83), c(87), c(90), c(93), c(97), c(100), c(104), c(107), c(110), c(114), c(117), c(121), c(124), c(127), c(131), c(134), c(138), c(141), c(144), c(148), c(151), c(155), c(158), c(161), c(165), c(168), c(172), c(175), c(178), c(182), c(185), c(189), c(192), c(195), c(199), c(202), c(206), c(209), c(212), c(216), c(219), c(223), c(226), c(229), c(233), c(236), c(240), c(243), c(246), c(250), c(253), c(257), c(260), c(263), c(267), c(270), c(274), c(277), c(280), c(284), c(287), c(291), c(294), c(297), c(301), c(304), c(308), c(311), c(314), c(318), c(321), c(325), c(328), c(331), c(335), c(338), c(342), c(345), c(348), c(352), c(355), c(359), c(362), c(365), c(369), c(372), c(376), c(379), c(382), c(386), c(389), c(393), c(396), c(399), c(403), c(406), c(410), c(413), c(416), c(420), c(423), c(427), c(430), c(433), c(437), c(440), c(444), c(447), c(450), c(454), c(457), c(461), c(464), c(467), c(471), c(474), c(478), c(481), c(484), c(488), c(491), c(495), c(498), c(501), c(505), c(508), c(512), c(515), c(518), c(522), c(525), c(529), c(532), c(535), c(539), c(542), c(546), c(549), c(552), c(556), c(559), c(563), c(566), c(569), c(573), c(576), c(580), c(583), c(586), c(590), c(593), c(597), c(600), c(603), c(607), c(610), c(614), c(617), c(620), c(624), c(627), c(631), c(634), c(637), c(641), c(644), c(648), c(651), c(654), c(658), c(661), c(665), c(668), c(671), c(675), c(678), c(682), c(685), c(688), c(692), c(695), c(699), c(702), c(705), c(709), c(712), c(716), c(719), c(722), c(726), c(729), c(733), c(736), c(739), c(743), c(746), c(750), c(753), c(756), c(760), c(763), c(767), c(770), c(773), c(777), c(780), c(784), c(787), c(790), c(794), c(797), c(801), c(804), c(807), c(811), c(814), c(818), c(821), c(824), c(828), c(831), c(835), c(838), c(841), c(845), c(848), c(852), c(855), c(858), c(862), c(865), c(869), c(872), c(875), c(879), c(882), c(886), c(889), c(892), c(896), c(899), c(903), c(906), c(909), c(913), c(916), c(920), c(923), c(926), c(930), c(933), c(937), c(940), c(943), c(947), c(950), c(954), c(957), c(960), c(964), c(967), c(971), c(974), c(977), c(981), c(984), c(988), c(991), c(994), c(998), c(1001), c(1005), c(1008), c(1011), c(1015), c(1018), c(1022), c(1025), c(1028), c(1032), c(1035), c(1039), c(1042), c(1045), c(1049), c(1052), c(1056), c(1059), c(1062), c(1066), c(1069), c(1073), c(1076), c(1079), c(1083), c(1086), c(1090), c(1093), c(1096), c(1100), c(1103), c(1107), c(1110), c(1113), c(1117), c(1120), c(1124), c(1127), c(1130), c(1134), c(1137), c(1141), c(1144), c(1147), c(1151), c(1154), c(1158), c(1161), c(1164), c(1168), c(1171), c(1175), c(1178), c(1181), c(1185), c(1188), c(1192), c(1195), c(1198), c(1202), c(1205), c(1209), c(1212), c(1215), c(1219), c(1222), c(1226), c(1229), c(1232), c(1236), c(1239), c(1243), c(1246), c(1249), c(1253), c(1256), c(1260), c(1263), c(1266), c(1270), c(1273), c(1277), c(1280), c(1283), c(1287), c(1290), c(1294), c(1297), c(1300), c(1304), c(1307), c(1311), c(1314), c(1317), c(1321), c(1324), c(1328), c(1331), c(1334), c(1338), c(1341), c(1345), c(1348), c(1351), c(1355), c(1358), c(1362), c(1365), c(1368), c(1372), c(1375), c(1379), c(1382), c(1385), c(1389), c(1392), c(1396), c(1399), c(1402), c(1406), c(1409), c(1413), c(1416), c(1419), c(1423), c(1426), c(1430), c(1433), c(1436), c(1440), c(1443), c(1447), c(1450), c(1453), c(1457), c(1460), c(1464), c(1467), c(1470), c(1474), c(1477), c(1481), c(1484), c(1487), c(1491), c(1494), c(1498), c(1501), c(1504), c(1508), c(1511), c(1515), c(1518), c(1521), c(1525), c(1528), c(1532), c(1535), c(1538), c(1542), c(1545), c(1549), c(1552), c(1555), c(1559), c(1562), c(1566), c(1569), c(1572), c(1576), c(1579), c(1583), c(1586), c(1589), c(1593), c(1596), c(1600), c(1603), c(1606), c(1610), c(1613), c(1617), c(1620), c(1623), c(1627), c(1630), c(1634), c(1637), c(1640), c(1644), c(1647), c(1651), c(1654), c(1657), c(1661), c(1664), c(1668), c(1671), c(1674), c(1678), c(1681), c(1685), c(1688), c(1691), c(1695), c(1698), c(1702), c(1705), c(1708), c(1712), c(1715), c(1719), c(1722), c(1725), c(1729), c(1732), c(1736), c(1739), c(1742), c(1746), c(1749), c(1753), c(1756), c(1759), c(1763), c(1766), c(1770), c(1773), c(1776), c(1780), c(1783), c(1787), c(1790), c(1793), c(1797), c(1800), c(1804), c(1807), c(1810), c(1814), c(1817), c(1821), c(1824), c(1827), c(1831), c(1834), c(1838), c(1841), c(1844), c(1848), c(1851), c(1855), c(1858), c(1861), c(1865), c(1868), c(1872), c(1875), c(1878), c(1882), c(1885), c(1889), c(1892), c(1895), c(1899), c(1902), c(1906), c(1909), c(1912), c(1916), c(1919), c(1923), c(1926), c(1929), c(1933), c(1936)
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