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Figure 1.  Uplink Coding Structure

This paper will discuss the relative merits of measuring receiver performance using different metrics.  The use of Bit Error Rate (BER), Symbol Error Rate (SER), Block Error Rate (BLER), and Frame Error Rate (FER) will be discussed.  Refer to Figure 1 to see the level of coding referenced by each term.

The quality measurement of a digital radio is usually the BER performance measured with a variety of impairments on the test signal.  For small signal, the sensitivity of a radio is measured.  With interfering signal in close channels, the adjacent channel selectivity and third order intermodulation performance is measured.  Often the performance is measured with Additive White Gaussian Noise (AWGN) added to the test signal.

In CDMA systems, the use of BER comes into question.  The ideal measurement should be fast, repeatable, and most important, reflect the impact of the errors on the intended use of the radio.  The use of BER certainly is fast.  The repeatability may be in some question.  The knowledge of wrong bits, indicated by an improper CRC, is evidence of an improper path estimated through the trellis in the Viterbi decoder.  The duration of the incorrect path will determine the number of bit errors that occur in the frame.  The most important issue is that measuring BER does not reflect the operation of the radio in real use.  Typically, in CDMA systems, when any errors are found, the entire frame of data is erased.  The vocoders have procedures defined on how to handle lost frames.  Data services typically have a mechanism for lost frames to be repeated.  Achieving a BER of a certain value does not guarantee acceptable performance.  It depends on the distribution of the error bits.  A bit error in every frame erases every frame.  All bits bad in one frame erases only one frame.

The test of SER has been proposed as a mechanism to hasten the test time.  There are several problems with this.  One is access to the symbols.  These are typically available only internal to an ASIC.  With appropriate hooks designed into the ASIC, these could be made available.  The use of loopback is questionable because the symbol rates do not always match on the uplink and downlink.  Finally, the demodulation of the symbols does not usually result in a decision as to the represented bits, but is instead an analog value that indicates not only the best guess of the input bits, but also the quality of demodulation.  This quality information is used by the Viterbi decoder to more effective chose the proper path through the trellis.  Deviation from a symbol of high integrity come with high penalty in the Viterbi metrics.  Deviation from symbols with low quality carry low penalty.  The point is, however, that no decisions are made at the symbol level, only in the Viterbi decode process. 

The coding used for voice combines data for two frames into one block.  Forward error correction is applied to this block as a whole, rather than as two separate frames.  During the decode, it is possible to get one frame good, and one frame in error, but the two frames are not statistically independent.

Recommendation:  It is recommended that FER or BLER be used as the figure of merit for receiver testing on CDMA  radios.  FER should be used when blocking is not performed.  BLER should be used if the data service treats both frames as one block.  Neither of these measurements is not very fast, but both are is very repeatable and directly related to the  quality of the service being delivered by the radio.

The test time requirements need special attention.  Because of the relatively slow rate of frames, there exists a bias to cut the test short and declare a pass when the statistics really don’t support that statement.  It is recommended that a statistical method be applied, and that a minimum confidence limit be applied to the measurement.  For example, a specification limit may specify that the FER shall be less than 1% with 95% confidence.  The use of confidence limits allows test equipment to terminate the test whenever the sample size and demonstrated FER is to predict the targeted performance with confidence.  

Attached is a confidence limit curve as used in EIA/TIA-98-B.  The derivation of this curve makes the assumption of independence from frame to frame, so it should only be applied to BLER in this example coding.
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The shortest time to measure FER with 95% confidence that the radio will meet a specification of 1% is 300 frames, or 6 seconds.  At that time, the demonstrated performance must be better than 0.33%.  It should be noted that testing to a specification limit of 2 % will halve the time when the test  may be stopped with confidence of a pass.
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