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0. 
Introduction
During S4 #11 meeting the discussions on the 3G AMR characterization started. NTT DoCoMo and Nortel Networks intended to provide the Error Patterns for this characterization.

NTT DoCoMo provided the Downlink Error Patterns.

Nortel Networks provided the Uplink Error Patterns.

During S4 #14 meeting the results of the 3G AMR characterization using the 3G Error Patterns were known, but no technical report has been yet produced.

This document contains a global description and a list of the parameters used in the Radio Channel Simulator, and a description of the 3G Error Patterns.
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1. Radio channel simulator overview
Figure 1 shows the overview of the radio channel simulator. It consists of I/O interface, channel encoder, radio channel simulator, and channel decoder. I/O interface receives output AMR bit-stream including TX_TYPE/RX_TYPE and Mode Indication, that conforms to AMR c-code format defined in [6] and converts or reverts it to/from appropriate internal format according to [7] and [8]. This means that error pattern generated depends on input AMR bit-stream. Channel encoder and channel decoder work according to 3G tool box concept. Channel simulator simulates all the other factors related to radio channel such as modulation and demodulation, fading, propagation model, interference, power control, etc.
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Figure 1: Overview of radio channel simulator for AMR
2. Parameters

It was decided that both up and down links would be tested since they're not identical. Nortel Networks dealt with the Uplink, and NTT DoCoMo with the Downlink.

The concept of Tool Box used for the channel coding, multiplexing, rate matching etc. leads to a huge amount of possible configurations. All these configurations are not testable in practice. A subgroup of the GSM association called IMT-2000 Steering Group (ISG) has defined Typical Radio Parameters Sets which are reported in [3] and [4]. These configurations have been used for both Up and Down Links, given that it is likely that many UMTS networks will be configured according to these Parameter Sets.

The ISG document and now the TS 34.108 give the slot formats, the channel coding, the rate matching parameters, etc. but do not specify for example which power control option should be used which is not under the scope of these recommendations. It does not neither specify whether diversity (Tx or/and Rx) should be used. Something we need to specify furthermore is the propagation environment. We address these different points in the following sections.

2.1. Common Parameters

Power Control

The Power Control is made of two loops, the so-called inner and outer loops. The inner loop is used to decide on the PC command based on the estimation of the SIR and its comparison to the SIR target, the outer loop is made to adjust the SIR target according to metrics that are used to evaluate the quality of the link. The outer loop has been disabled, e.g. the SIR target has been fixed in comparison with waited FER values of 0.5%, 1%, and 3%. The algorithms used for the measurements as well as the adjustment of the SIR target are proprietary.

The Power Control Algorithm referenced as option #1 has been used for the inner loop, with 1 dB steps (see [5]).

The Power Control implies a certain loop delay, due to the SIR estimation, the transmission of the command on the reverse link, the decision on the Power Control command and its application. A delay of 1 time slot is used.

The assumed BER on TPC bits is 4 %.

Diversity

There exist transmit and receive diversity. 

It is assumed that Rx diversity will be very common in the future UMTS networks. Therefore, in Uplink, receiver diversity is used.

The Transmit diversity can be used in Downlink, but there will be many Node B which won't offer this feature. Therefore, no Tx diversity is assumed in DL.

Propagation profiles & mobile speeds

The Working Groups of the TSG RAN use six different profiles: Indoor A and B, Outdoor to Indoor A and B, and Outdoor A and B.

These profiles in conjunction with the mobile speed are used to simulate different scenarios, e.g. Outdoor-to-Indoor with a mobile speed of 3 km/h is assumed to correspond to a pedestrian in a urban environment, at 50 km/h it can correspond to car in a suburban environment.

Regarding the 3G AMR characterization, some typical scenarios have been defined and from these scenarios the profile and the mobile speed to use have been derived: speed of 3km/h for profiles indoor A, Pedestrian A and Pedestrian B; speed of 50 km/h for Vehicular A and Vehicular B; speed of 120 km/h for Vehicular B.

Channel coding

Channel Coding is based on convolutionnal codes as defined in the ISG document [3].

Rate Matching

Median values of rate matching defined in the ISG document [3] are used.

2.2. Uplink Parameters

Spreading Factors

The spreading factor is 64 for the speech bitrates higher than 5.15 kbps, 128 otherwise.

Transport Format Combination Indicator

The TFCI informs the receiver about the instantaneous transport format combination of the transport channels mapped to the simultaneously transmitted uplink DPDCH radio frame.

For this exercise, the TFCI is transmitted but not used because we suppose a perfect decoding (always the same transport format combination).

DCCH

A DCCH, of either 3.4 or 1.7 kbit/s depending on the spreading factor, shared the DPDCH with the TrCH carrying the voice.

Slot Format

The slot format for DPDCH and DPCCH is given in [9].

A spreading factor of 64 implies slot format #2 to be used for the DPDCH and a spreading factor of 128 implies slot format #1 to be used for the DPDCH. For DPCCH, non-compressed frame formats and no DL transmitter diversity imply to use slot format #0: the frame structure is 6 pilot bits + 2 TFCI + 2 TPC.

Gain Factors

The gain factor is the power offset between the DPCCH (which carries the control bits such as the Pilot bits, TFCI, TPC, etc.) and the DPDCH (which carries the user data and the UTRAN signalling). This difference of power comes from the difference between spreading factors.

The gain factor for DPCCH is 11 and the gain factor for DPDCH is 15.

Interferences

There was no MAI in Uplink, however an AWGN channel was used.

2.3. Downlink parameters
Spreading Factors

The spreading factor is 128 for the speech bitrates higher than 5.15 kbps, 256 otherwise.

Transport Format Combination Indicator

For DL, BTFD is assumed. Therefore no TFCI is used for format detection. 

For this exercise, there is no BTFD error because we suppose a perfect decoding (always the same transport format combination) and ratio of BTFD error is relatively low compared with FER of speech information.
DCCH

A DCCH, of either 3.4 or 1.7 kbit/s depending on the spreading factor, shared the DPDCH with the TrCH carrying the voice.

Slot Format

A spreading factor of 128 and 256, which depends on source bit-rate, and non-compressed frame format imply slot format #12 to be used for DPCH including both DPDCH and DPCCH. The frame structure for DPCCH is 4 pilot bits + 2 TPC.

No DL transmitter diversity is used.

Gain Factors
Equal gain factors are used both DPDCH and DPCCH for DL. This means there is no power offset between them.

Interferences

Channel setting defined in Table C.3 of [7] is used for DL.

3. 
List of Error Patterns for 3G systems

The details of all experiments are given in the processing functions document (see [1]) and in the test plan (see [2]) for the 3G AMR-NB Characterization.

Experiment 1 is divided into 3 sub-experiments, corresponding to different languages. Tables 1, 2 and 3 list the proposed error conditions for each sub-experiment, which include various combinations of direction, profile,speed and QoS (FER target value).

Table 4 lists the proposed error conditions for Experiment 2. In this experiment, car noise is used as background noise. Therefore, it seems appropriate to use Vehicular profiles for the Up link. For the Down link, other types of profiles are used in order to include the profiles other than vehicular in this test.
EC
Direction
Path Profile
Speed
Target
Source

EC1A
Uplink
Vehicular-B
50 km/h
0.5% FER
Nortel Networks

EC2A
Uplink
Vehicular-B
50 km/h
1% FER
Nortel Networks

EC3A
Uplink
Vehicular-B
50 km/h
3% FER
Nortel Networks

EC4A
Downlink
Vehicular-B
120 km/h
0.5% FER
NTT DoCoMo

EC5A
Downlink
Vehicular-B
120 km/h
3% FER
NTT DoCoMo

EC6A
Downlink
Vehicular-B
120 km/h
1% FER
NTT DoCoMo

EC7A
Uplink
Pedestrian-B
3 km/h
0.5% FER
Nortel Networks

EC8A
Uplink
Pedestrian-B
3 km/h
1% FER
Nortel Networks

EC9A
Uplink
Pedestrian-B
3 km/h
3% FER
Nortel Networks

Table 1: Error conditions for Experiment 1, sub-experiment A
EC
Direction
Path Profile
Speed
Target
Source

EC1B
Downlink
Vehicular-B
50 km/h
0.5% FER
NTT DoCoMo

EC2B
Downlink
Vehicular-B
50 km/h
1% FER
NTT DoCoMo

EC3B
Downlink
Vehicular-B
50 km/h
3% FER
NTT DoCoMo

EC4B
Uplink
Indoor-A
3 km/h
0.5% FER
Nortel Networks

EC5B
Uplink
Indoor-A
3 km/h
1% FER
Nortel Networks

EC6B
Uplink
Indoor-A
3 km/h
3% FER
Nortel Networks

EC7B
Downlink
Pedestrian-B
3 km/h
0.5% FER
NTT DoCoMo

EC8B
Downlink
Pedestrian-B
3 km/h
1% FER
NTT DoCoMo

EC9B
Downlink
Pedestrian-B
3 km/h
3% FER
NTT DoCoMo

Table 2: Error conditions for Experiment 1, sub-experiment B
EC
Direction
Path Profile
Speed
Target
Source

EC1C
Uplink
Vehicular-B
120 km/h
0.5% FER
Nortel Networks

EC2C
Uplink
Vehicular-B
120 km/h
1% FER
Nortel Networks

EC3C
Uplink
Vehicular-B
120 km/h
3% FER
Nortel Networks

EC4C
Downlink
Indoor-A
3 km/h
0.5% FER
NTT DoCoMo

EC5C
Downlink
Indoor-A
3 km/h
1% FER
NTT DoCoMo

EC6C
Downlink
Indoor-A
3 km/h
3% FER
NTT DoCoMo

EC7C
Uplink
Pedestrian-A
3 km/h
0.5% FER
Nortel Networks

EC8C
Uplink
Pedestrian-A
3 km/h
1% FER
Nortel Networks

EC9C
Uplink
Pedestrian-A
3 km/h
3% FER
Nortel Networks

Table 3: Error conditions for Experiment 1, sub-experiment C

EC
Direction
Path Profile
Speed
Target
Source

EC1D
Downlink
Pedestrian-B
3 km/h
0.5% FER
NTT DoCoMo

EC2D
Downlink
Pedestrian-B
3 km/h
1% FER
NTT DoCoMo

EC32
Uplink
Vehicular-A
50 km/h
0.5% FER
Nortel Networks

EC42
Uplink
Vehicular-A
50 km/h
1% FER
Nortel Networks

EC52
Uplink
Vehicular-B
120 km/h
0.5% FER
Nortel Networks

EC62
Uplink
Vehicular-B
120 km/h
1% FER
Nortel Networks

Table 4: Error conditions for Experiment 2
Table 5 lists the AMR codec modes tested for each error condition; each couple (error condition, AMR codec mode) requires one dedicated error pattern.

A total of 138 Error Patterns is needed:

· 74 Uplink patterns

· 56 Downlink patterns

· 8 Error Free patterns.
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Table 5: Patterns to produce for each AMR mode

The following naming convention is used for all Error Patterns files except the Error Free pattern EC0:

ECXA_aaa.ep
Error Patterns for Experiment 1A

ECXB_aaa.ep
Error Patterns for Experiment 1B

ECXC_aaa.ep
Error Patterns for Experiment 1C

ECXD_aaa.ep
Error Patterns for Experiment 2 (EC1 and 2)

ECX2_aaa.ep
Error Patterns for Experiment 2 (EC3, 4, 5, and 6)

where aaa indicates the AMR codec mode for which the Error Pattern is intended.

aaa can take any value among 122, 102, 795, 740, 670, 590, 515 or 475

and x indicates the Error Pattern number between 1 and 9.

The file naming convention for EC0 Error Patterns is EC0X_aaa.ep where aaa has the same coding as before.
The length of each pattern is 32 seconds, which corresponds to 1600 speech frames.

Given that each error pattern will be applied on several speech files, an offset in number of speech frames will be introduced for each kind of talker. The start positions as a function of talker are given in Table 6.

Talker
Start position/frames

male 1
0

female 1
400

male 2
800

female 2
1200

Table 6: Offset values to apply on the Error Patterns for each kind of talker

4. 
3G Error Patterns Format

The format of provided error pattern is identical to that of the output of the AMR encoder defined by [6]. Every 250 16-bit words contain frame type, bit errors and mode indication for one AMR frame. Each word is represented by little endian, i.e. PC format. 

The first word indicates frame type, it tells if the frame is erased or not. A frame is regarded as RX_SPEECH_BAD (0x0003) if bit errors in class A including radio CRC are detected. If no error is detected, value of this word is RX_SPEECH_GOOD (0x0000).

The next 244 words contain flags for every encoded bit of each speech frame if bit is correct or not. A value of 0x0001 makes a bit error while a 0x0000 indicates that corresponding bit is correct. If the bitrate is less than 12.2 kbps, rest of the 244 words are not used and are padded by 0x0000.

The next one word represents the mode used which is derived from a result of TFCI decoding.

The last 4 words are not used and padded by 0x0000.

5.
Conclusion

Nortel Networks and NTT DoCoMo describe in this document the configuration parameters of the radio interface used for the generation of the 3G Error Patterns and give the list of Error Patterns produced with their format.

These aspects are quite important for the radio simulation of the UTRAN FDD. The results of the characterization phase of the 3G AMR can be used by different UMTS operators. For this purpose the configuration parameters of the radio interface must be fully understood.

We ask TSG-SA4 to note all these configuration parameters and to approve the use of the 3G error patterns. This may be forwarded to TSG-RAN1 for information.
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