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Spread SACCH for AMR
1 Introduction

In order to solve the issue of robustness imbalance between SACCH and AMR low modes speech channels, the Spread SACCH scheme has been presented in previous GERAN meetings.

This contribution provides further adjustments of the solution in order to better tune the gain on the SACCH and the impact on voice quality for AMR 4.75, 5.15 and 5.9.

2 Spread SACCH
2.1
General principle

It is proposed to keep the existing SACCH unchanged, and send a second SACCH, containing the same payload as the normal one or only part of it, but sent along voice bursts, stealing a few bits in each speech burst. This Spread SACCH can be activated for AMR codec modes 4.75, 5.15 and 5.9.
When Spread SACCH is used, the receiver uses soft combining between the normal SACCH and the Spread SACCH. Repeating the SACCH brings diversity gain, and spreading the information increases the robustness even more.
In the scheme illustrated in Fig 1, it is proposed, in order to avoid that the Spread SACCH takes longer to transmit than the normal SACCH, that the Spread SACCH be sent over 18 speech frames, starting right after the burst containing the first part of the Normal SACCH, and sent over the following 18 speech frames, thus ending just before the burst containing the last part of the Normal SACCH. 
It takes then roughly 360 ms to receive the second SACCH (360 – 4.615 = 355.385 ms). 

[image: image12.bmp]Fig 1: Spread SACCH sent over 18 speech frames
The number of bits to be stolen in each speech burst depends on the current codec mode in use: 
 - for 4.75 codec mode

The number of bits to be stolen in each speech burst to carry the full Spread SACCH over 72 bursts would be:

456 / 72 = 6.33 bits per burst.

However, in order to have simple and regular puncturing patterns, the following tuning is done: it is proposed to steal only 6 bits per speech burst, thus sending 6 x 72 = 432 bits of the SACCH instead of 456.

24 bits of the normal SACCH are thus left out, chosen among the bits of least importance, as detailed in §2.2.
 - for 5.15 codec mode

it is proposed to steal 4 bits per speech burst, thus 4 x 72 = 288 bits of the normal SACCH are sent in the Spread SACCH.
168 bits of the normal SACCH are thus left out as detailed in §2.2

 - for 5.9 codec mode

it is proposed to steal 2 bits per speech burst, thus 2 x 72 = 144 bits of the normal SACCH are sent in the Spread SACCH.

312 bits of the normal SACCH are thus left out as detailed in §2.2.
Spread SACCH shall not be sent over FACCH and RATSCCH frames. When a FACCH or RATSCCH steals a speech frame, the bits of the Spread SACCH that should have been sent in this period will be missing in the receiver. The receiver shall replace the missing bits with ‘0’ for soft combining operation. 

2.2
Gain of the Spread SACCH
The figure below shows how the Spread SACCH is built, and which bits of the initial SACCH are actually sent in the Spread SACCH.

[image: image2]
Figure 2: puncturing principle for Spread SACCH

The following puncturing schemes are applied on the block of 456 coded bits {c(0), c(1),…, c(455)} before interleaving:
· for AMR 4.75 codec mode

The code is punctured in such a way that the following 24 coded bits are not transmitted.

c(0), c(15), c(30), c(45), c(60), c(75), c(90), c(105), c(120), c(135), c(150), c(165), c(180), c(195), c(210), c(225), c(240), c(255), c(270), c(285), c(300), c(315), c(330), c(345).
The result is a block of 432 bits which are transmitted in place of the stolen speech bits.
· for AMR 5.15 codec mode

The code is punctured in such a way that the following 168 coded bits are not transmitted.

c(0), c(3), c(6), c(9), c(12), c(15), c(16), c(19), c(22), c(25), c(28), c(30), c(32), c(35), c(38), c(41), c(44), c(45), c(48), c(51), c(54), c(57), c(60), c(61), c(64), c(67), c(70), c(73), c(75), c(77), c(80), c(83), c(86), c(89), c(90), c(93), c(96), c(99), c(102), c(105), c(106), c(109), c(112), c(115), c(118), c(120), c(122), c(125), c(128), c(131), c(134), c(135), c(138), c(141), c(144), c(147), c(150), c(151), c(154), c(157), c(160), c(163), c(165), c(167), c(170), c(173), c(176), c(179), c(180), c(183), c(186), c(189), c(192), c(195),c(196), c(199), c(202), c(205), c(208), c(210), c(212), c(215), c(218), c(221), c(224), c(225), c(228), c(231), c(234), c(237), c(240), c(241), c(244), c(247), c(250), c(253), c(255), c(257), c(260), c(263), c(266), c(269), c(270), c(273), c(276), c(279), c(282), c(285), c(286), c(289), c(292), c(295), c(298), c(300), c(302), c(305), c(308), c(311), c(314), c(315), c(318), c(321), c(324), c(327), c(330), c(331), c(334), c(337), c(340), c(343), c(345), c(347), c(350), c(353), c(356), c(359), c(362), c(365), c(368), c(371), c(374), c(377), c(380), c(383), c(386), c(389), c(392), c(395), c(398), c(401), c(404), c(407), c(410), c(413), c(416), c(419), c(422), c(425), c(428), c(431), c(434), c(437), c(440), c(443), c(446), c(449), c(452), c(455).

The result is a block of 288 bits which are transmitted in place of the stolen speech bits.

· for AMR 5.9 codec mode

The code is punctured in such a way that the following 312 coded bits are not transmitted.

c(0), c(2), c(3), c(5), c(6), c(8), c(9), c(11), c(12), c(14), c(15), c(16), c(18), c(19), c(21), c(22), c(24), c(25), c(27), c(28), c(30), c(31), c(32), c(34), c(35), c(37), c(38), c(40), c(41), c(43), c(44), c(45), c(47), c(48), c(50), c(51), c(53), c(54), c(56), c(57), c(59), c(60), c(61), c(63), c(64), c(66), c(67), c(69), c(70), c(72), c(73), c(75), c(76), c(77), c(79), c(80), c(82), c(83), c(85), c(86), c(88), c(89), c(90), c(92), c(93), c(95), c(96), c(98), c(99), c(101), c(102), c(104), c(105), c(106), c(108), c(109), c(111), c(112), c(114), c(115), c(117), c(118), c(120), c(121), c(122), c(124), c(125), c(127), c(128), c(130), c(131), c(133), c(134), c(135), c(137), c(138), c(140), c(141), c(143), c(144), c(146), c(147), c(149), c(150), c(151), c(153), c(154), c(156), c(157), c(159), c(160), c(162), c(163), c(165), c(166), c(167), c(169), c(170), c(171), c(173), c(175), c(176), c(178), c(179), c(180), c(182), c(183), c(185), c(186), c(188), c(189), c(191), c(192), c(194), c(195), c(196), c(198), c(199), c(201), c(202), c(204), c(205), c(207), c(208), c(209), c(210), c(211), c(212), c(214), c(215), c(217), c(218), c(220), c(221), c(223), c(224), c(225), c(227), c(228), c(230), c(231), c(233), c(234), c(236), c(237), c(239), c(240), c(241), c(243), c(244), c(246), c(247), c(249), c(250), c(252), c(253), c(255), c(256), c(257), c(259), c(260), c(262), c(263), c(265), c(266), c(268), c(269), c(270), c(272), c(273), c(275), c(276), c(278), c(279), c(281), c(282), c(284), c(285), c(286), c(288), c(289), c(291), c(292), c(294), c(295), c(297), c(298), c(300), c(301), c(302), c(304), c(305), c(307), c(308), c(310), c(311), c(313), c(314), c(315), c(317), c(318), c(320), c(321), c(323), c(324), c(326), c(327), c(329), c(330), c(331), c(333), c(334), c(336), c(337), c(339), c(340), c(342), c(343), c(345), c(346), c(347), c(349), c(350), c(352), c(353), c(355), c(356), c(358), c(359), c(361), c(362), c(364), c(365), c(367), c(368), c(370), c(371), c(373), c(374), c(376), c(377), c(379), c(380), c(382), c(383), c(385), c(386), c(388), c(389), c(391), c(392), c(394), c(395), c(397), c(398), c(400), c(401), c(403), c(404), c(406), c(407), c(409), c(410), c(412), c(413), c(415), c(416), c(418), c(419), c(421), c(422), c(424), c(425), c(427), c(428), c(430), c(431), c(433), c(434), c(436), c(437), c(439), c(440), c(442), c(443), c(445), c(446), c(448), c(449), c(451), c(452), c(454), c(455).

The result is a block of 144 bits which are transmitted in place of the stolen speech bits.

As shown in the table below, significant gain  is provided with this technique, when the receiver uses soft combining between the normal SACCH and the Spread SACCH, in the levels of C/I where AMR lower codecs are used (around C/I=4dB).

This gain is sufficient to alleviate the problem of SACCH reception when radio conditions are very poor.
	AMR codec mode
	Spread SACCH gain

	AMR 4.75
	4dB

	AMR 5.15
	2.5dB

	AMR 5.9
	1.5dB


Table 1: Spread SACCH gain for each codec mode
2.3
Impact on speech quality
In order to degrade as little as possible the voice quality, the less sensitive bits – in terms of perceived voice quality – must been found in each radio frame of AMR 4.75, 5.15 and 5.9. The target bits are the class 1b bits, and care must be taken not to impact the 8 bits of the speech frame used to carry in-band data in AMR (CMC/CMR and CMI).
The table below shows the indexes of these optimal bits for AMR 4.75, 5.15 and 5.9:

	
	Burst 0
	Burst 1
	Burst 2
	Burst 3

	4.75
	1st half burst
	14, 28, 42
	12, 26, 49
	10, 33, 47
	17, 31, 45

	
	2nd half burst
	81, 95, 109
	79, 93, 114
	63, 98, 112
	82, 96, 110

	5.15
	1st half burst
	14, 28
	12, 26
	10, 33
	17, 31

	
	2nd half burst
	81, 95
	79, 93
	63, 98
	82, 96

	5.9
	1st half burst
	14
	12
	10
	17

	
	2nd half burst
	81
	79
	63
	82


Table 2: Index of stolen bits on the radio bursts
Indexes for the 1st half bursts are between 0 and 57.

Indexes for the 2nd half bursts are between 58 and 115.

These target bits are replaced by the Spread SACCH bits as indicated in §2.2.

Simulations presented in Annex A show the perceptual degradation in terms of pMos for each codec mode. The results are summarized in the table below. They show that the degradation is hardly audible, considering that the user will already be in a zone where the voice quality is not very good.
	AMR codec mode
	pMos degradation

	AMR 4.75
	0.22

	AMR 5.15
	0.22

	AMR 5.9
	0.03


Table 3: pMos degradation for each codec mode
2.4
DTX case

In case of DTX, Spread SACCH shall not be used. However it is necessary to send a secondary SACCH also during DTX period. 
The proposal is to send the secondary SACCH in the place of the second SID_UPDATE following the first burst of a normal SACCH, as shown in the figure below. But it shall not be sent after the last – 4th – burst of a normal SACCH, for synchronization purposes between the normal SACCH and the Secondary SACCH: in case the second SID_UPDATE falls after the last burst of a normal SACCH, no secondary SACCH shall be sent during this SACCH period.
When a SID_UPDATE is replaced by a Secondary SACCH, the receiver uses the first SID_UPDATE to create the comfort noise, and use the same data for the second SID period where no SID_UPDATE is available.

The Spread SACCH starts again as soon as the ONSET is sent, as if there had been no DTX period.

[image: image3]
Fig 3: Secondary SACCH in case of DTX

If the Spread SACCH stops or starts in the middle of a SACCH period due to a SID_FIRST transmission, the receiver might be missing a part of the Spread SACCH to make a full soft combining operation, but it shall replace any missing bits with ‘0’. This case is illustrated in the first SACCH period of the figure above.
When a secondary SACCH is sent, the receiver shall soft combine the normal SACCH with the secondary SACCH, and may also combine with the part of the Spread SACCH that is available. This case is illustrated in the second SACCH period of the figure above.
Annex B contains several other cases detailing the DTX solution.
2.5
Activation / Signalling of Spread SACCH
Spread SACCH shall be used in DL and UL when the BSS indicates that it shall be activated. 
Activation can be done through a new IE where only one bit would be needed to indicate activation of Spread SACCH, since the activation shall be done for the 3 lowest codec modes together.
This IE should be sent in ASSIGNMENT COMMAND, HANDOVER COMMAND, DTM ASSIGNMENT COMMAND and CHANNEL MODE MODIFY messages.
When a certain codec is used in DL or UL, the format of the Spread SACCH shall be adapted synchronously (either no Spread SACCH, or Spread SACCH with the correct puncturing pattern). There shall be no delay between the activation of a codec mode, and the activation of its associated Spread SACCH format.
If there is a change of codec mode in the middle of a SACCH period, the receiver might be missing a part of the Spread SACCH to make a full soft combining operation, but it shall replace any missing bits with ‘0’.
MS shall indicate its support of the feature in a new field in Classmark 3:

< Spread SACCH Capability: bit >

Spread SACCH Capability (1 bit field) 
This field indicates whether the mobile station supports Spread SACCH or not. It is coded as follows:


0
The mobile station does not support Spread SACCH. 

1
The mobile station supports Spread SACCH.

2.6
Impacts on 3GPP Specs

The following specifications are impacted by the introduction of Spread SACCH feature:

· 3GPP TS 44.018
Introduction of a new IE for activation of the feature by the BSS.
· 3GPP TS 24.008
Addition of a new field in Classmark 3.
· 3GPP TS 45.003
Description of the specific channel coding for Spread SACCH (puncturing and mapping) and Secondary SACCH for DTX (mapping).
· 3GPP TS 45.005 
Performance requirements to be defined for UL and DL. 
· 3GPP TS 45.008 
To provide principles of Secondary SACCH when in DTX.
3 Conclusion
This paper presents a solution to solve the issue of performance imbalance between AMR low modes speech channels and SACCH.
Sending a secondary SACCH along voice bursts by stealing a few bits in each burst allows reaching a considerable gain when applying soft combining in the receiver, with a very little impact on voice quality, as the degradation is hardly audible for the user.

A single configuration is now proposed for Spread SACCH, where respectively 6 bits per speech burst are stolen in AMR 4.75, 4 bits in AMR 5.15 and 2 bits in AMR 5.9.
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ANNEX A: simulation results
A1 – Spread SACCH gain

Some simulations were run to check the gain obtained by the Spread SACCH technique in 3 cases:

· Half of the SACCH repeated (= 1.5 SACCH in total)

· ¾ of the SACCH repeated (=1.75 SACCH in total)

· SACCH repeated completely (= 2 SACCH in total)

Simulations were run in TU3 iFH conditions.

It is assumed that the receiver uses soft combining between the normal SACCH and the Spread SACCH.

The simulation results are showed in the following figure:
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Fig A1: Spread SACCH gain

A2 – Impact of Spread SACCH on voice quality
Some pMos simulations have been run using PESQ tool - 'Perceptual Evaluation of Speech Quality'- to show the impact of the Spread SACCH on speech quality, due to the puncturing of these optimal bits in each burst.
The simulation conditions are 900MHz, TU3 iFH, run on 130000 speech bursts with AMR 4.75, 5.15 and 5.9 codec modes.
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 Fig A2: pMos score of TCH/AFS 4.75 punctured for Spread SACCH
[image: image6.emf]Stealing of speech bits for Sacch info insertion - perceptual impact (pMos score) with 
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Fig A3: pMos score of TCH/AFS 5.15 punctured for Spread SACCH
[image: image7.emf]Stealing of speech bits for Sacch info insertion - perceptual impact (pMos score) with 

AMR-FR 5K90

1,5

1,7

1,9

2,1

2,3

2,5

2,7

2,9

3,1

3,3

3,5

0 1 2 3 4 5 6 7 8 9 10 11 12

C/I (dB)

pMos 

Reference case

2 stolen bits per radio burst 

4 stolen bits per radio burst

6 stolen bits per radio burst


Fig A4: pMos score of TCH/AFS 5.9 punctured for Spread SACCH
ANNEX B: DTX Cases

The figures below illustrate how Secondary SACCH shall be sent during DTX period.

Legends used in the following figures:


[image: image8]

[image: image9]
Fig B1: DTX case: last position where the Secondary SACCH can be sent, just before the last burst of the normal SACCH. 

[image: image10]
Fig B2: DTX case: Secondary SACCH cannot be sent in the first SACCH period, as the second SID_UPDATE frames falls after the last burst of the normal SACCH. Secondary SACCH is sent during the second SACCH period.
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