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1. Introduction to Airbiquity’s Voice Band Modem (VBM) Technology

Airbiquity’s voice band modem (VBM) is a software solution that provides extremely reliable and cost-effective data transport to the eCall telematics and machine-to-machine (M2M) markets. This technology leverages existing GSM, CDMA, and UMTS digital mobile communications networks to send data over the voice channel. Already deployed in various commercial telematics system and in over 7 million vehicles, this technology has a demonstrated track record of reliability.  It expeditiously delivers time-critical emergency and location data to call centers to summon timely emergency assistance, thus saving lives and reducing complications from serious injuries every day. 

The field-proven VBM is a software solution that is the best suited for applications requiring highly-reliable, time-critical data transmission over the largest available coverage area. It is unique in its support of major digital mobile communications technologies, including GSM, UMTS, and CDMA.  It interfaces with multiple suppliers of radio access network (RAN), core network equipment, and mobile phone modules with no need for modifications or upgrades. In its current commercial deployment, the VBM has demonstrated superior performance, short latency, and no impact on signaling loads or interoperability requirements. 

Using a blank-and-burst transmission approach, the VBM utilizes voice channels of any existing analog or digital mobile communications network to transmit application data between two peers. Data is transmitted in a simplex, half-duplex or full-duplex fashion through the standard vocoders implemented in mobile networks.  The built-in Forward Error Correction (FEC) and automatic retransmission (ARQ) algorithms ensure reliable transmission of data payload. 

Operating in a client and server architecture, the VBM enables easy integration into eCall IVS and PSAP. As illustrated in Figure 1, the VBM functions as a data transport layer between in-vehicle system (IVS) applications and the existing mobile communications network.  Once a voice channel connection is established by the embedded mobile phone module, the VBM client software in the IVS interfaces with the applications to transport data over the voice channel via the phone module. The communicating parties are able to switch back and forth VBM data and voice modes in less than one second throughout the same call session. The VBM client is also capable of connecting to an external mobile handset through a Bluetooth interface, supporting the IVS systems that require external Bluetooth-enabled handsets.
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Figure 1: In-band modem system architecture
2. Basic VBM Operation
The VBM software modem uses carefully selected tone pairs, robust error correction and retransmission/recovery algorithms to ensure that data is successfully transmitted through a variety of digital network vocoders.  The client and server side each use separate transmission bands to allow for full-duplex modulation without the need for echo cancellation.

The basic functions performed by the in-band modem software include:

· Connection:  Robust connection establishment and release algorithms optimized for the customer’s intended applications.

· Data modulation/demodulation:  Client and Server tone pairs are selected for optimal performance on the targeted mobile network.

· Message fragmentation/reassembly:  The in-band modem accepts applications messages in various lengths.  Messages larger than 22 bytes are segmented into frames that are reassembled at the receiving end before being passed to the application layer. 

· Error detection & correction:  A robust forward error correction algorithm is employed to ensure accuracy and integrity of data delivered.

· Acknowledged data transport: Supports reliable, acknowledged delivery of application data over the modem link.

· Link supervision:  XE "link supervision" Informs the application if the modem link is disconnected or if loss of the link is detected.

· Retransmission:  XE "flow control"  Supports retransmission and recovery ARQ algorithms that ensure a robust and flexible data link.

3. Summary 

The eCall Driving Group as well as 3GPP’s SA1 working group specified that the 140-byte MSD delivery to a PSAP be reliable, accurate and timely within 4 seconds. VBM is best suited to meet and even exceed these requirements, not to mention its commercially proven viability and credibility in eCall telematics applications. When a victim's chances of survival are greatest if he or she receives definitive care during that “golden hour,” those delays could prove disastrous.
VBM is the best choice for eCall and other applications requiring field-proven, robust and highly-reliable, time-critical data transmission over the largest available coverage area.  Because it sends data over the voice channel it provides the highest level of robustness, is the most highly available over existing and future network infrastructure, and offers seamless roaming across regional and national borders.  In addition, VBM provides the highest available reliability thanks to its error correction and retransmission/recovery algorithms.
4. eCall via VBM: Analysis
This document presents a preliminary analysis of eCall via VBM in perfect radio channel conditions.  The purpose of the analysis is to provide a performance benchmark for each FSK modulation mode, and to motivate the specification of an accompanying ARQ scheme.
The analysis shows that the 800-bps mode is optimal for higher-rate AMR codecs, but is unsuitable for some lower-rate AMR codecs.  The ARQ design should include a mechanism by which the VBM on the mobile side may estimate the optimal modulation mode and adapt accordingly.
5. Performance analysis for MSD frames
A floating-point simulation of VBM was used to measure decode success rates for each of the two mobile-side FSK/FEC combinations described in document S4-070535.  For this preliminary investigation, the voice transcoding algorithms were assumed to be the only source of error (i.e., the radio channel was assumed to be error-free).
Figure 1 shows the burst structure used for the tests.  A correlator threshold of 60% was used for sync pattern detection.  The "Type" field was modulated as a bit pattern of 16 bits: 11001010 to indicate the 400-bps mode, 00110101 to indicate the 800-bps mode.
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Figure 1: Burst structure used for performance analysis of MSD frames.
Table 1 lists decode success rates and sync detection rates for each AMR codec rate and the GSM FR codec.  A "decode success" event is defined as a received code word containing no more than 9 bit errors, which is the correction capability (using hard decision) of the (255,187) primitive BCH code.  The decode success rate was measured independently of the sync detection rate.
	Channel
	Sync Detection Rate (%)
	Decode Success Rate (%)

	
	
	400-bps Mode
	800-bps Mode

	GSM_AMR_FR 12.2
	>99.9
	>99.9
	>99.9

	GSM_AMR_FR 10.2
	>99.9
	>99.9
	>99.9

	GSM_AMR_FR 7.95
	>99.9
	>99.9
	90.0

	GSM_AMR_FR 7.4
	>99.9
	>99.9
	86.3

	GSM_AMR_FR 6.7
	>99.9
	96.0
	24.7

	GSM_AMR_FR 5.9
	>99.9
	69.3
	2.0

	GSM_AMR_FR 5.15
	99.6
	46.4
	0.0

	GSM_AMR_FR 4.75
	98.9
	34.6
	0.0

	GSM_FR
	>99.9
	99.5
	34.5


Table 1: Performance measurements for an MSD message frame.
A second test measured the decoding performance of a receiver that re-used observations from failed frames.  For each frame, two copies of the code word were transmitted, and the receiver used both copies to produce one estimate of the code word.  Table 2 lists the results.  A "decode success" event in this test means that the code word estimate contained fewer than 9 bit errors.
	Channel
	Decode Success Rate (%)

	
	400-bps Mode
	800-bps Mode

	GSM_AMR_FR 12.2
	>99.9
	>99.9

	GSM_AMR_FR 10.2
	>99.9
	>99.9

	GSM_AMR_FR 7.95
	>99.9
	>99.9

	GSM_AMR_FR 7.4
	>99.9
	>99.9

	GSM_AMR_FR 6.7
	99.7
	76.2

	GSM_AMR_FR 5.9
	97.0
	6.1

	GSM_AMR_FR 5.15
	96.1
	0.0

	GSM_AMR_FR 4.75
	95.4
	0.0

	GSM_FR
	>99.9
	85.5


Table 2: Decode success rates for two copies of an MSD message frame.

6. Performance analysis for status messages

A floating-point simulation of the VBM was used to measure decode success rates for the network-side FSK/FEC combination described in document S4-070535.  For this preliminary investigation, the voice transcoding algorithms were assumed to be the only source of error (i.e., radio conditions were assumed to be error-free).

Figure 2 shows the burst structure used for the tests.  A correlator threshold of 60% was used for sync pattern detection.
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Figure 2: Burst structure used for performance analysis of status messages.
Table 3 lists decode success rates and sync detection rates for each AMR codec rate and the GSM FR codec.  A "decode success" event is defined as a received code word containing no more than 6 bit errors, which is the correction capability (using hard decision) of the (63,30) primitive BCH code.  The decode success rate was measured independently of the sync detection rate.

	Channel
	Sync Detection Rate (%)
	Decode Success Rate (%)

	GSM_AMR_FR 12.2
	>99.9
	>99.9

	GSM_AMR_FR 10.2
	>99.9
	>99.9

	GSM_AMR_FR 7.95
	>99.9
	>99.9

	GSM_AMR_FR 7.4
	>99.9
	>99.9

	GSM_AMR_FR 6.7
	>99.9
	98.5

	GSM_AMR_FR 5.9
	>99.9
	92.2

	GSM_AMR_FR 5.15
	91.3
	88.5

	GSM_AMR_FR 4.75
	88.2
	87.6

	GSM_FR
	>99.9
	>99.9


Table 3: Performance measurements for a status message.

7. Performance analysis of a "dumb" transmitter
Although the ARQ scheme for VBM has not yet been defined, this section provides a rough estimate of MSD delivery time for a transmitter that always uses the 400-bps modulation mode.

[image: image4.emf]Sync

Type

60 ms 40 ms 470 ms

modulated in 

400-bps

mode

s

e

t

u

p

21 ms 81 ms

Frame Data

Type

40 ms 470 ms

Frame Data

modulated in 

400-bps

mode

s

e

t

u

p

21 ms

start of next

period


_____________________________________________________________
Figure 3: Fixed transmission pattern that always uses 400-bps mode.
The analysis is repeated for a transmitter that always uses the 800-bps mode.  For this scheme, two different frames are transmitted in each 470-ms "Frame Data" interval.
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Figure 4: Fixed transmission pattern that always uses 800-bps mode.
NOTE: These diagrams do not represent proposals for a practical transmission scheme; they are only theoretical benchmarks.

First we make a few simplifying assumptions:

1. The first sync pattern is always detected successfully on the network side.

2. Table 1 gives the probability of successful decode for the first copy of a frame, p1 = (1 - q1).

3. Table 2 gives the probability of successful decode for all retransmitted copies of a frame, p2 = (1 - q2).

4. Each frame decoding event is independent of all others.

5. A selective-repeat ARQ scheme is employed with a large window.

These assumptions yield the following probabilities:

	Event
	Probability

	first copy of a frame decodes correctly
	p1

	first copy fails, 2nd copy succeeds
	(1 - p1) p2

	first two copies fail, 3rd copy succeeds
	(1 - p1) (1 - p2) p2

	first n copies fail, (n+1)-th copy succeeds
	(1 - p1) (1 - p2)n-1 p2

	no more than N copies fail
	p1 + q1 (1 - q2N)


The resulting delivery time distributions are plotted below.
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Figure 4:  Delivery time distribution using a fixed 400-bps scheme.
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Figure 5:  Delivery time distribution using a fixed 800-bps scheme.  AMR 5.9, AMR 5.15, and AMR 4.75 are not shown because the associated delivery times are excessively large.
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