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1 Introduction

A flexible layer one is being discussed within TSG GERAN to enable efficient support of IP multimedia services in Rel-6. At the same time a number of new coding schemes for circuit switched speech are being introduced in Rel-5. The large amount of coding schemes together with the flexible layer one could lead to a unnecessary high complexity for the terminal and base station. To minimize complexity two approaches are proposed:

1) Move the support of wideband AMR to Rel-6 when a flexible physical layer will be available to support transport of the new speech service.

2) Align the coding schemes in Rel-5 with the flexible layer one so that a high degree of commonality is achieved when implementing both in products. 

The first approach is the most safe and will lead to the largest complexity reduction since the flexible physical layer is used as it is to transport AMR-WB, however, the apparent drawback is that the introduction of AMR-WB is delayed.

The second approach will give AMR-WB support in Rel-5, and at the same time save complexity when a product has implemented both AMR-WB and the flexible layer one. Such a product would then use the flexible layer one implementation to generate speech frames for the Rel-5 coding schemes, and thereby an implementation of the specific coding schemes is avoided. This approach requires that the basic design of the flexible layer one is settled quite rapidly. Once AMR-WB is frozen in Rel-5, parts of the flexible layer one in Rel-6 will also be frozen if the commonality should remain. 

This paper presents a proposal of the channel coding for AMR-WB that is similar to what a flexible physical layer would produce assuming the architecture in [2].

2 Illustration of channel coding

The channel coding of the speech frames in this contribution follows the illustration shown in Figure 1. 

The stealing bits are indicating to the receiver the channel coding used for the frame, either one of four speech codecs, or FACCH. The stealing bits are coded separately from the rest of the data.

Class 1A and the AMR inband bits (Codec Mode Command/Request) are protected by a common 6-bit CRC. The C1A, inband and CRC bits are convolutionally coded and a uniform puncturing pattern is applied.

The Class 1B bits are coded and uniformly punctured separately from the rest of the data.

A diagonal interleaver is operating on all 464 bits (for GMSK FR) spreading the frame over eight half bursts.
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Figure 1: Illustration of channel coding

3 Assumptions

3.1 Convolutional coding

Only non-recursive convolutional codes with constraint length of 7 are used. The code rate is defined by the amount of in and output bits of the transport format, TF. Only the four standardised polynomials G4, G5, G6 and G7 are used. Repetition is used to achieve lower code rates. For this purpose, an appropriate order of the polynomials has to be defined so that any code rate can be constructed. For example, assuming the order is G4, G5, G6, G7: A R=1/2 code uses the polynomials G4 and G5 and a R=1/6 code uses G4, G5, G6, G7, G4, and G5. 

Assuming the number of input bits is a (including possible CRC and tailbits) and the number of output bits is b.

Then the code rate, r, to be used is: 


R = 1 / ceil(b/a)

and the number of punctured bits, p, is


p = a/R – b.

The following bits are punctured:


floor(k * (a/R*p))

for k=0, 1, .., p-1.

3.2 CRC

For FLOC the CRC length could be chosen between 0, 6, 12 and 18 bits. A CRC length of 6 bits could be used for AMR-WB. For the FACCH, a CRC of 18 bits could be used.

3.3 TFCI

The stealing bits are replaced by a TFCI. The TFCI combines the functions of codec mode indication, CMI, and the stealing bits (speech/FACCH indication). Four active speech codecs and one FACCH imply a TFCI of three bits.

The coding of the TFCI is still FFS, but one proposal could be a Reed-Muller code as for UTRAN. An upper limit of seven information bits, giving a maximum of 128 Transport Format Combinations), should be sufficient. For WB-AMR, 3 information bits are needed.

3.4 TrCH

Three transport channels are defined:

· TrCH1 contains Class 1A bits and a two bit codec mode request (CMR). TrCH1 is protected by a 6 bit CRC.

· TrCH2 contains Class 1B

· TrCH3 contains Class 2 (If available for the specific codec mode)

3.5 Interleaving

Since the number of interleaved bits are changed when removing the stealing bits, a new interleaver is needed. The length of the TFCI can be varied, so preferably all bits are interleaved together. The interleaver therefore operates on block length of 464 bits for GMSK FR. 40 ms diagonal interleaving is assumed for speech services.

4 Objective performance

In this section, some simulation results are presented comparing the objective performance of WB-AMR over FLOC over a GMSK FR channel with that of WB-AMR over the tailor made channel coding in 45.003 [1].

Figure 2 and Figure 3 shows the performance for 6.60 and 15.85, respectively. For 6.60, the difference is very small, while the loss is roughly 1dB for 15.85.
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Figure 2. Link performance of TCH/WFS 6.60.
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Figure 3. Link performance of TCH/WFS 15.85
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Annex A Channel Coding

This section shown an example of channel coding for TCH/WFS based on the assumptions above. Note that the details such as balance between C1A and C1B coding are ffs.

3.14
Wideband Adaptive multi rate speech channel at full rate (TCH/WFS)

This section describes the coding for the different frame formats used for TCH/WFS. The formats used are (in the order they are described):

SID_UPDATE
Used to convey comfort noise parameters during DTX

SID_FIRST

Marker to define end of speech, start of DTX

ONSET


Used to signal the Codec mode for the first speech frame after DTX

SPEECH


Speech frames

In this chapter, sub chapters 3.14.1 to 3.14.4 describe the channel coding for the different formats listed above.

Common to all the formats is that in-band information is conveyed, the coding for the in-band channel is described in the table below.

Identifier

(defined in 3GPP TS 45.009 [7])
Received in-band data

id(1), id(0)
Encoded in-band data for SID frames

ic(15),.., ic(0)

CODEC_MODE_1
00
0101001100001111

CODEC_MODE_2
01
0011111010111000

CODEC_MODE_3
10
1000100001100011

CODEC_MODE_4
11
1110010111010100

3.14.1
SID_UPDATE

The SID_UPDATE frames are handled as specified for the TCH/AFS in subclause 3.9.1.

3.14.2
SID_FIRST

The SID_FIRST frames are handled as specified for the TCH/AFS in subclause 3.9.2.

3.14.3
ONSET

The Onset frames are handled as specified for the TCH/AFS in subclause 3.9.3.

3.14.3a
STEALING BITS

The stealing bits indicate coding format on the current speech/signaling frame. FACCH or one of the four codecs in the active codec set can be indicated. 

Identifier


Information bits

sd(2), sd(1), sd(0)
Coded bits

sc(20),.., sc(0)

FACCH
000
000 000 000 000 000 000 000

CODEC_MODE_1
001
000 000 111 011 101 011 111

CODEC_MODE_2
010
000 111 011 101 011 111 000

CODEC_MODE_3
011
000 111 100 110 110 100 111

CODEC_MODE_4
100
111 011 101 011 111 000 000

Reserved
101
111 011 010 000 010 011 111

Reserved
110
111 100 110 110 100 111 000

Reserved
111
111 100 001 101 001 100 111


Note: FFS

3.14.3b
Fast associated control channel at full rate (FACCH/WF)

The message delivered to the encoder has a fixed size of 184 information bits {d(0),d(1),...,d(183)}. It is delivered on a burst mode.

a)
Parity bits:


Eighteen parity bits p(0),p(1),...,p(17) are defined in such a way that in GF(2) the binary polynomial:

d(0)D286 +...+ d(183)D18 + p(0)D17+...+ p(17), when divided by:

D18 + D17 + D14 + D13 + D11 + D10 + D8 + D7 + D6 + D3 + D2 + 1, yields a remainder equal to:

D17 + D16 + D15 + D14 + D13 + D12 + D11 + D10 + D9 + D8 + D7 + D6 + D5 + D4 + D3 + D2 + D+1.

b)
Tail bits


Six tail bits equal to 0 are added to the information and parity bits, the result being a block of 208 bits.


u(k) = d(k)

for k= 0,1,...,183


u(k) = p(k‑184)
for k = 184,185,...,201


u(k) = 0


for k = 202,203,…,207 (tail bits)

b)
Convolutional encoder

This block of 208 bits is encoded with the 1/3 rate convolutional code defined by the polynomials:

G4 = 1 + D2 + D3 + D5 + D6
G5 = 1 + D + D4 + D6


G6 = 1 + D + D2 + D3 + D4 + D6
resulting in 624 coded bits, {C(0)... C(623)} defined by:



C(3k)

= u(k)+u(k-2)+u(k-3)+u(k-5)+u(k-6)



C(3k+1)

= u(k)+u(k-1)+u(k-4)+u(k-6)



C(3k+2)

= u(k)+u(k-1)+u(k-2)+u(k-3)+u(k-4)+u(k-6)
for k = 0, 1, ..., 207; u(k) = 0 for k<0

c) Puncturing

The coded block is punctured in such a way that the following 181 bits:

C(0), C(3), C(6), C(10), C(13), C(17), C(20), C(24), C(27), C(31), C(34), C(37), C(41), C(44), C(48), C(51), C(55), C(58), C(62), C(65), C(68), C(72), C(75), C(79), C(82), C(86), C(89), C(93), C(96), C(99), C(103), C(106), C(110), C(113), C(117), C(120), C(124), C(127), C(131), C(134), C(137), C(141), C(144), C(148), C(151), C(155), C(158), C(162), C(165), C(168), C(172), C(175), C(179), C(182), C(186), C(189), C(193), C(196), C(199), C(203), C(206), C(210), C(213), C(217), C(220), C(224), C(227), C(230), C(234), C(237), C(241), C(244), C(248), C(251), C(255), C(258), C(262), C(265), C(268), C(272), C(275), C(279), C(282), C(286), C(289), C(293), C(296), C(299), C(303), C(306), C(310), C(313), C(317), C(320), C(324), C(327), C(330), C(334), C(337), C(341), C(344), C(348), C(351), C(355), C(358), C(361), C(365), C(368), C(372), C(375), C(379), C(382), C(386), C(389), C(393), C(396), C(399), C(403), C(406), C(410), C(413), C(417), C(420), C(424), C(427), C(430), C(434), C(437), C(441), C(444), C(448), C(451), C(455), C(458), C(461), C(465), C(468), C(472), C(475), C(479), C(482), C(486), C(489), C(492), C(496), C(499), C(503), C(506), C(510), C(513), C(517), C(520), C(524), C(527), C(530), C(534), C(537), C(541), C(544), C(548), C(551), C(555), C(558), C(561), C(565), C(568), C(572), C(575), C(579), C(582), C(586), C(589), C(592), C(596), C(599), C(603), C(606), C(610), C(613), C(617), C(620)

are not transmitted. 

The result is a block of 443 bits, {c(0), c(1), …, c(442)}

c) Interleaving

The coded stealing bits {sc(0), sc(1), …, sc(20)} set to indicating FACCH and the block of 443 coded bits {c(0), c(1), …, c(442)} are moved to the interleaver as described in 3.14.4.5.

c) Mapping on a burst

The mapping on the burst is performed as described in 3.14.4.6.

3.14.4
SPEECH

The speech coder delivers to the channel encoder a sequence of blocks of data. One block of data corresponds to one speech frame and the block length is different in each of the seven channel codec modes. Adjoining each block of data is information of the channel codec mode to use when encoding the block. Also delivered is the in-band data id(0,1) representing Mode Command/Mode Request.

The Mode Indication is included as a part of the stealing bits.

3.14.4.1
Coding of the in-band data

The two input in-band bits (id(0,1)) are coded together with the Class 1A bits.

3.14.4.2
Ordering according to subjective importance

The bits delivered by the speech encoder, {s(1),s(2),...,s(Ks)},  are rearranged according to subjective importance before channel coding. Tables 16 to 22 define the correct rearrangement for the speech codec modes 19.85 kbit/s, 18.25 kbit/s, 15.85 kbit/s, 14.25 kbit/s, 12.65 kbit/s, 8.85 kbit/s and 6.60 kbit/s, respectively. In the tables speech codec parameters are numbered in the order they are delivered by the corresponding speech encoder according to 3GPP TS 26.190 and the rearranged bits are labelled {d(0),d(1),...,d(Kd-1)}, defined in the order of decreasing importance. Index Kd refers to the number of bits delivered by the speech encoder, see below:

Codec

mode
Number of 

Speech bits 

Delivered 

per block

(Kd)

TCH/WFS19.85
397

TCH/WFS18.25 
365

TCH/WFS15.85 
317

TCH/WFS14.25 
285

TCH/WFS12.65 
253

TCH/WFS8.85 
177

TCH/WFS6.60
132

The ordering algorithm is in pseudo code as:


for j = 0 to Kd-1
d(j) := s(table(j)+1); 


where table(j) is read line by line left to right

The rearranged bits are further divided into three different classes to perform unequal error protection for different bits according to subjective importance. 

The protection classes are:



1a
-
Data protected with the CRC and the convolution code.

1b
-
Data protected with the convolution code.



2
-
Data sent without protection.

The number of class 1 (sum of class 1a and 1b), class 1a, class 1b and class 2 bits for each codec mode is shown below:

Codec

mode 


Number of 

Speech bits 

Delivered per 

Block
Number of 

class 1 bits 

per block
Number of 

class 1a bits 

per block
Number of

 class 1b bits 

per block
Number of 

class 2 bits 

per block

TCH/WFS19.85
397
109
72
37
288

TCH/WFS18.25
365
365
72
293
0

TCH/WFS15.85
317
317
72
245
0

TCH/WFS14.25
285
285
72
213
0

TCH/WFS12.65
253
253
72
181
0

TCH/WFS8.85
177
177
64
113
0

TCH/WFS6.60
132
132
54
78
0

3.14.4.3
Parity for speech frames

The basic parameters for each codec mode for the first encoding step are shown below:

Codec

mode 


Number of

Class 1 bits

(Kd1)
CRC 

Protected speech bits 

(Kd1a)
CRC protected inband bits (Ki)
CRC bits
Number of bits after first encoding step 

(Ku = Kd + Ki + 6)

TCH/WFS19.85
109
72
2
6
117

TCH/WFS18.25 
365
72
2
6
373

TCH/WFS15.85 
317
72
2
6
325

TCH/WFS14.25 
285
72
2
6
293

TCH/WFS12.65 
253
72
2
6
261

TCH/WFS8.85 
177
64
2
6
185

TCH/WFS6.60
132
54
2
6
140

A 6-bit CRC is used for error-detection. These parity bits are generated by the cyclic generator polynomial: g6(D) = D6 + D5 + D3 + D2 + D1 + 1 from the Ki inband bits and the first Kd1a bits of class 1, where Kd1a refers to number of bits in protection class 1a as shown above for each codec mode. The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

id(0)D(Kd1a+ Ki + 5) + id(1)D(Kd1a+ Ki + 4) + d(0)D(Kd1a+ Ki + 3) +... + d(Kd1a - 1)D6 + p(0)D5 +…+ p(4)D+ p(5)

where p(0), p(1) … p(5) are the parity bits, when divided by g6(D), yields a remainder equal to:

1+ D + … + D5.
3.14.4.4
Convolutional encoder

The bits from the first encoding step (u(k)) are encoded with the recursive systematic convolutional codes as summarised below. The number of output bits after puncturing is 443 for all codec modes.

Codec

Mode


Number

of C1A, inband and CRC input bits to

conv. 

coder
Rate
Number 

of C1A, inband and CRC output bits from

conv. 

Coder


Number 

Of 

punctured  C1A, inband and CRC 

bits
Number 

of C1B input bits to

conv. 

coder


Rate
Number

of C1B

output bits from conv.

Coder


Number 

Of 

punctured  C1B 

bits

TCH/WFS19.85
80
1/2
172

37




TCH/WFS18.25
80
1/2
172

293




TCH/WFS15.85
80
1/2
172
57
245
1/2
502
174

TCH/WFS14.25
80
1/2
172

213




TCH/WFS12.65
80
1/2
172

181




TCH/WFS8.85
72
1/3
234

113




TCH/WFS6.60
62
1/4
272
62
78
1/3
252
19

Below the coding for each codec mode is specified in detail.

TCH/WFS19.85:
T.B.D

TCH/WFS18.25: 

T.B.D

TCH/WFS15.85: 

a) Class 1A and inband bit coding


The Class 1A, inband and parity bits are moved to a block of 80 bits {u(0)… u(79)}

u(k) = id(k)


for k = 0, 1



u(k) = d(k-2)



for k = 2, 1, ..., 73



u(k) = p(k-74)

for k = 74, 75, …, 79

Six tail bits equal to 0 are added to the information and parity bits, the result being a block of 86 bits {u(0)… u(85)}:


u(k) = 0




for k = 80, 81, …, 85

The block of 86 bits is encoded with the 1/2 rate convolutional code defined by the following polynomials:


G4 = 1 + D2 + D3 + D5 + D6

G5 = 1 + D + D4 + D6

resulting in 172 coded bits, {C(0)... C(171)} defined by:



C(2k)

= u(k)+u(k-2)+u(k-3)+u(k-5)+u(k-6)



C(2k+1)

= u(k)+u(k-1)+u(k-4)+u(k-6)
for k = 0, 1, ..., 85; u(k) = 0 for k<0


The coded block is punctured in such a way that the following 57 bits:


C(0), C(3), C(6), C(9), C(12), C(15), C(18), C(21), C(24), C(27), C(30), C(33), C(36), C(39), C(42), C(45), C(48), C(51), C(54), C(57), C(60), C(63), C(66), C(69), C(72), C(75), C(78), C(81), C(84), C(87), C(90), C(93), C(96), C(99), C(102), C(105), C(108), C(111), C(114), C(117), C(120), C(123), C(126), C(129), C(132), C(135), C(138), C(141), C(144), C(147), C(150), C(153), C(156), C(159), C(162), C(165), C(168)


are not transmitted. 

The result is a block of 115 bits, {c1(0), c1(1), …, c1(114)}

b)
Class 1B coding


The Class 1B bits {d(72)… d(316)} are moved to a block of 245 bits {u(0)… u(244)}



u(k) = d(k+72)

for k = 0, 1, ..., 244

Six tail bits equal to 0 are added to the information bits, the result being a block of 251 bits {u(0)… u(250)}:


u(k) = 0




for k = 245, 246, …, 250

The block of 251 bits is encoded with the 1/2 rate convolutional code defined by the following polynomials:


G4 = 1 + D2 + D3 + D5 + D6

G5 = 1 + D + D4 + D6

resulting in 502 coded bits, {C(0)... C(501)} defined by:



C(2k)

= u(k)+u(k-2)+u(k-3)+u(k-5)+u(k-6)



C(2k+1)
= u(k)+u(k-1)+u(k-4)+u(k-6)


for k = 0, 1, ..., 250; u(k) = 0 for k<0


The coded block is punctured in such a way that the following 174 bits:


C(0), C(2), C(5), C(8), C(11), C(14), C(17), C(20), C(23), C(25), C(28), C(31), C(34), C(37), C(40), C(43), C(46), C(49), C(51), C(54), C(57), C(60), C(63), C(66), C(69), C(72), C(75), C(77), C(80), C(83), C(86), C(89), C(92), C(95), C(98), C(100), C(103), C(106), C(109), C(112), C(115), C(118), C(121), C(124), C(126), C(129), C(132), C(135), C(138), C(141), C(144), C(147), C(150), C(152), C(155), C(158), C(161), C(164), C(167), C(170), C(173), C(175), C(178), C(181), C(184), C(187), C(190), C(193), C(196), C(199), C(201), C(204), C(207), C(210), C(213), C(216), C(219), C(222), C(225), C(227), C(230), C(233), C(236), C(239), C(242), C(245), C(248), C(251), C(253), C(256), C(259), C(262), C(265), C(268), C(271), C(274), C(276), C(279), C(282), C(285), C(288), C(291), C(294), C(297), C(300), C(302), C(305), C(308), C(311), C(314), C(317), C(320), C(323), C(326), C(328), C(331), C(334), C(337), C(340), C(343), C(346), C(349), C(351), C(354), C(357), C(360), C(363), C(366), C(369), C(372), C(375), C(377), C(380), C(383), C(386), C(389), C(392), C(395), C(398), C(401), C(403), C(406), C(409), C(412), C(415), C(418), C(421), C(424), C(426), C(429), C(432), C(435), C(438), C(441), C(444), C(447), C(450), C(452), C(455), C(458), C(461), C(464), C(467), C(470), C(473), C(476), C(478), C(481), C(484), C(487), C(490), C(493), C(496), C(499)


are not transmitted. 

The result is a block of 328 bits, {c2(0), c2(1), …, c2(327)}

The combined block {c1(0), c1(1), …, c1(114), c2(0), c2(1), …, c2(327)}of 443 bits from the two coded blocks is moved to the interleaver described in section 3.14.4.5

TCH/WFS14.25: 

T.B.D

TCH/WFS12.65: 

T.B.D

TCH/WFS8.85: 

T.B.D

TCH/WFS6.60:

a) Class 1A and inband bit coding


The Class 1A, inband and parity bits are moved to a block of 62 bits {u(0)… u(61)}

u(k) = id(k)


for k = 0, 1



u(k) = d(k-2)


for k = 2, 3, ..., 55



u(k) = p(k-56)

for k = 56, 57, …, 61

Six tail bits equal to 0 are added to the information and parity bits, the result being a block of 68 bits {u(0)… u(67)}:


u(k) = 0




for k = 62, 63, …, 67

The block of 68 bits is encoded with the 1/4 rate convolutional code defined by the following polynomials:


G4 = 1 + D2 + D3 + D5 + D6

G5 = 1 + D + D4 + D6

G6 = 1 + D + D2 + D3 + D4 + D6


G7 = 1 + D + D2 + D3 + D6

resulting in 272 coded bits, {C(0)... C(271)} defined by:



C(4k)

= u(k)+u(k-2)+u(k-3)+u(k-5)+u(k-6)



C(4k+1)

= u(k)+u(k-1)+u(k-4)+u(k-6)



C(4k+2)

= u(k)+u(k-1)+u(k-2)+u(k-3)+u(k-4) +u(k-6)



C(2k+3)

= u(k)+u(k-1)+u(k-2)+u(k-3) +u(k-6)
for k = 0, 1, ..., 67; u(k) = 0 for k<0


The coded block is punctured in such a way that the following 62 bits:


C(0), C(4), C(8), C(13), C(17), C(21), C(26), C(30), C(35), C(39), C(43), C(48), C(52), C(57), C(61), C(65), C(70), C(74), C(78), C(83), C(87), C(92), C(96), C(100), C(105), C(109), C(114), C(118), C(122), C(127), C(131), C(136), C(140), C(144), C(149), C(153), C(157), C(162), C(166), C(171), C(175), C(179), C(184), C(188), C(193), C(197), C(201), C(206), C(210), C(214), C(219), C(223), C(228), C(232), C(236), C(241), C(245), C(250), C(254), C(258), C(263), C(267)


are not transmitted. 

The result is a block of 210 bits, {c1(0), c1(1), …, c1(209)}

b)
Class 1B coding


The Class 1B bits {d(54)… d(131)} are moved to a block of 78 bits {u(0)… u(77)}



u(k) = d(k+54)

for k = 0, 1, ..., 77

Six tail bits equal to 0 are added to the information bits, the result being a block of 84 bits {u(0)… u(83)}:


u(k) = 0




for k = 78, 79, …, 83

This block of 84 bits is encoded with the 1/3 rate convolutional code defined by the polynomials:

G4 = 1 + D2 + D3 + D5 + D6
G5 = 1 + D + D4 + D6


G6 = 1 + D + D2 + D3 + D4 + D6
resulting in 252 coded bits, {C(0)... C(251)} defined by:



C(3k)

= u(k)+u(k-2)+u(k-3)+u(k-5)+u(k-6)



C(3k+1)

= u(k)+u(k-1)+u(k-4)+u(k-6)



C(3k+2)

= u(k)+u(k-1)+u(k-2)+u(k-3)+u(k-4)+u(k-6)
for k = 0, 1, ..., 83; u(k) = 0 for k<0


The coded block is punctured in such a way that the following 19 bits:



C(0), C(13), C(26), C(39), C(53), C(66), C(79), C(92), C(106), C(119), C(132), C(145), C(159), C(172), C(185), C(198), C(212), C(225), C(238)


are not transmitted. 

The result is a block of 233 bits, {c2(0), c2(1), …, c2(232)}

The combined block {c1(0), c1(1), …, c1(209), c2(0), c2(1), …, c2(232)}of 443 bits from the two coded blocks is moved to the interleaver described in section 3.14.4.5

3.14.4.5
Interleaving

The coded bits are reordered and interleaved according to the following rule:

i(B,j) = c(n,k),
for
k  = 0,1,...,463





n  = 0,1,...,N,N+1,...





B = B0 + 4n + (k mod 8)





j   = 2((39(k div 8)) mod 58) + ((k mod 8) div 4)

Note: FFS

3.14.4.6
Mapping on a Burst

The mapping is given by the rule:

e(B,j) 
= i(B,j)
for j = 0,1,...,115
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