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14
Transmission Delay


The transmission delay of a communication using AMR has been evaluated using the same method as for the previous GSM speech codecs [2, 3 & 4]. The reference system delay distribution for the downlink and uplink directions are provided in figures 14.1 and 14.2 respectively. The speech transcoders are assumed to be remote located from the BTS (16 kbit/s or 8 kbit/s sub-multiplexing on the Abis & Ater Interfaces).
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Figure 14.1: Reference Downlink delay distribution
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Figure 14.2: Reference Uplink delay distribution

The definition of the different delay parameters is given in the following table. The table also provides the value used for the parameter when not dependent of the type of speech codec or sub-multiplexing scheme over the Abis & Ater interfaces.

Tabisd
Time required to transmit the minimum number of speech data bits over the downlink Abis interface to start encoding a radio speech frame. Depends on the speech codec mode, the TRAU frame format and the Abis/Ater sub-multiplexing scheme. Note that most TRAU frame synchronization bits can ideally be transmitted by anticipation and are usually not included in this parameter.

Tabisu
Time required to transmit the minimum number of speech data bits over the uplink Abis interface to start decoding a speech frame. Depends on the speech codec mode, the TRAU frame format and the Abis/Ater sub-multiplexing scheme. Note that the TRAU frame synchronization bits can ideally be transmitted by anticipation and are usually not included in this parameter.

Ta/d
Delay in the analogue to digital converter in the uplink (implementation dependent). Set to 1ms [4].

Tbsc
Switching delay in the BSC (implementation dependent). Set to 0.5ms [2 & 4].

Tbuff
Buffering time required for the time alignment procedure for the in-band control of the remote transcoder. Set to 1.25 ms [2 & 4].

Td/a
Delay in the digital to analogue converter in the downlink (implementation dependent). Set to 1ms [2 & 4].

Techo
Delay induced by the echo canceller (implementation dependent). Set to 1ms [2 & 4].

Tencode:
Processing delay required to perform the channel encoding (implementation dependent). Depends on the channel coding complexity of each codec mode.

Tmsc
Switching delay in the MSC (implementation dependent). Set to 0.5ms [2 & 4].

Tproc
Processing delay required to perform the speech decoding (implementation dependent). Depends on the speech decoding complexity of each codec mode.

Trftx
Time required for the transmission of a speech frame over the air interface. Derived from the radio framing structure and the interleaving scheme. Worst case is 37.5 ms in Full Rate mode and 32.5 ms in Half Rate mode [2 & 4].

Trxproc
Processing delay required to perform the channel equalization, the channel decoding and SID-frame detection (implementation dependent). The channel decoding depends on the codec mode. The channel equalization part was set to 6.84 ms in Full Rate mode and 3.5 ms in Half Rate mode [4].

Tsample
Duration of the segment of PCM speech samples operated on by the speech transcoder: 25 ms in all cases corresponding to 20 ms for the processed speech frame and 5 ms of look ahead.

Tsps
Worst case processing delay required by the downlink speech encoder before an encoded bit can be sent over the Ater/Abis interface taking into account the speed on the Ater/Abis interface (implementation dependent). Depends on the speech coding complexity of each codec mode and on the sub-multiplexing rate on the Ater/Abis interface. Because of the priority given to the decoding, Tproc is also added to the overall downlink transmission delay.

Ttransc
MS speech encoder processing delay, from input of the last PCM sample to output of the final encoded bit (implementation dependent). For the evaluation of the transmission delay, it was assumed that the speech decoding has a higher priority than the speech encoding, i.e. this delay is artificially increased by the speech decoding delay.

Margin
Implementation dependent margins in the different system components. Set as follows:
MSC Margin:
0.5 ms [2 & 4]
BSC Margin:
0.5 ms [2 & 4]
BTS Margin:
0.45 ms downlink, 0.3 ms uplink [2 & 4]
MS Margin:
2 ms in Full Rate, 1.9 ms in Half Rate [2 & 4].

The processing delays were estimated using complexity figures for each codec mode. In addition, to take into account the dependence on the DSP implementation, the computation was based on the same methodology used for the previous GSM speech codecs [4].

The DSPs running the speech and channel codec are modeled with the 3 following parameters:

E represents the DSP Efficiency. This corresponds to the ratio tMOPS/wMOPS of the codec implementation on the DSP.

S represents for the speed of the DSP: Maximum Number of Operations that the DSP can run in 1 second. This number is expressed in MOPS.

P represents the percentage of DSP processing power assigned to the codec.

The processing delay of a task of complexity X (in wMOPS) can then be computed using the equation:
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For compatibility reasons, the same ESP parameter used for the EFR processing delays computation [4] was used: ESP=25
.

The following tables provide the overall transmission delay parameters for each codec mode. The design objective for the Algorithmic Round Trip Transmission Delay (ARTD = 2Tsample + 2Trftx + Tabisu + Tabisd) was set to the EFR ARTD increased by 10 ms in Full Rate mode, and the GSM HR ARTD increased by 10 ms in Half Rate mode.

Tables 14.1 and 14.2 define the parameters impacting the computation of the transmission delays over the Abis/Ater interfaces (Tabisu & Tabisd) for the 16 kbit/s and 8kbit/s sub-multiplexing schemes respectively. The definition of different parameters is provided below. They are derived from the AMR TRAU frame format provided in [5 & 6].

Min # of bits: Minimum number of speech bits required to start the next operation (speech decoding in uplink or channel encoding in downlink).

Sync. bits: Additional synchronization bits in the TRAU frame (synchronization header not included) before reaching the last required bit.

Min # Data: Rank of the last required bit in the TRAU frame.

# Anticip.: Number of bits that can be sent by anticipation.

# Requir.: Resulting number of bits that must be received (Min #Data - # Anticip.).
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Table 14.1: Tabisu (ms) & Tabisd (ms) computation tables for the 16 kbit/s sub-multiplexing scheme
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Table 14.2: Tabisu (ms) & Tabisd (ms) computation tables for the 8 kbit/s sub-multiplexing scheme

Tables 14.3 and 14.4 provide the overall Uplink and Downlink transmission delay for the different Full Rate codec modes using a 16 kbit/s sub-multiplexing scheme.

Tables 14.5 and 14.6 provide the overall Uplink and Downlink transmission delay for the different Half Rate codec modes using a 16 kbit/s sub-multiplexing scheme.

Tables 14.7 and 14.8 provide the overall Uplink and Downlink transmission delay for the different Half Rate codec modes using an 8 kbit/s sub-multiplexing scheme.
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Table 14.3: Uplink Transmission Delay in Full Rate Mode (in ms & 16 kbit/s sub-multiplexing scheme)
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Table 14.4: Downlink Transmission Delay in Full Rate Mode (in ms & 16 kbit/s sub-multiplexing scheme)
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Table 14.5: Uplink Transmission Delay in Half Rate Mode (in ms & 16 kbit/s sub-multiplexing scheme)
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Table 14.6: Downlink Transmission Delay in Half Rate Mode (in ms & 16 kbit/s sub-multiplexing scheme)
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Table 14.7: Uplink Transmission Delay in Half Rate Mode (in ms & 8 kbit/s sub-multiplexing scheme)
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Table 14.8: Downlink Transmission Delay inHalf Rate Mode
(in ms & 8 kbit/s sub-multiplexing scheme)

15
Frequency Response

NOTE:
The frequency response is essentially given as a piece of additional information. It should not be used to qualify the codec performances in terms of perceived quality or DTMF transparency.

The frequency response of the AMR codec was evaluated by computing the logarithmic gain of the frequency response of each codec mode, according to the following equation:
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where inp(k) and out(k) are the input (original) and output (processed) signals and M is the total number of processed samples.

The frequency response was computed for all 8 codec modes (12.2, 10.2, 7.95, 7.4, 6.7, 5.9, 5.15 and 4.75 kbit/s), in error-free condition, with DTX disabled. Tone signals were generated and processed in the range 50-3998 Hz with a frequency step of 21 Hz. Each tone lasted 8 seconds at a level of –26 dBovl. In order to discard potential transition 

�	This ESP value was derived in 1996, during the EFR standardization. It is based on a 40 MHz DSP, with an efficiency of 1 and a 60% CPU availability. All processing delays would be improved assuming DSP performances corresponding to the state of the art of DSP technology.
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