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Introduction
This is the same contribution as presented at the RMM-adhoc in London (R400rrm012).

It is a revised version of Tdoc R4S000019 presented at the RRM ad hoc in Malmö. The following changes have been made from the version presented in Malmö:

· A graph showing uplink simulation results has been added.

· Clarifications on how to verify the BER measurement accuracy requirement have been made.

· The upper limit for Transport channel BER estimation are updated based on further simulations on Tr Ch BER estimation performance for convolutional coding rate ½ and 1/3rd, turbo coding rate 1/3rd with different amount of puncturing and repetition.

· The measurement period for the Physical channel BER is clarified.

Currently the accuracy requirements for the UTRAN Tr Ch BER measurements is incomplete. It is clear that the accuracy of the BER estimation will be dependent on the actual BER value, the coding scheme used and that the accuracy will be worse for high BER values than for low BER values. Therefore there is a need to define an upper limit for the accuracy requirement for the BER estimation and also consider the coding schemes for which the accuracy is valid.

Transport channel BER

One implementation of the Transport channel BER (Tr Ch BER) measurement is the re-encode and compare method. The performance of the method will be highly dependent on the performance of the channel decoding, e.g. the channel coding scheme used. If the decoding process fails due to a high bit error rate at the decoder input also the BER estimation using re-encode and compare will fail. So basically the performance of the method will be dependent on the error detection/correcting performance of the channel-coding scheme used.

In figure 1 (downlink) and 2 (uplink) below simulation results showing BER at the decoder input (Tr Ch BER), labelled “rawBER” and BER at the decoder output, labelled “BER”, as a function of Eb/No is shown.
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Figure 1
BER and rawBER vs. Eb/No, downlink simulation of 8 kbit/s speech, the channel used is Indoor to Outdoor and Pedestrian A and the doppler speed is 3 km/h, convolutional coding with rate 1/3 is used, no rate matching
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Figure 2
BER and rawBER vs. Eb/No, uplink simulation of AMR speech, i.e. 12.2 kbit/s speech, the channel used is Indoor to Outdoor and Pedestrian A and the doppler speed is 3 km/h, convolutional coding with rate 1/3 is used, no rate matching

It can be noticed that the relation between BER and rawBER is similar between uplink and downlink. In figure 1 it can be seen that the curve for the decoded BER crosses the rawBER (at decoder input) at rawBER around 25%. For lower rawBER than 25% the decoded BER curve falls quite steep in relation to the rawBER curve and at 20% rawBER the decoded BER is around 5%. For the uplink curve in figure 2, 20% rawBER corresponds to around 1,5 % decoded BER for rate 1/3rd. For convolutional rate ½ coding it is believed that approximately 2-2.5 dB (1.7dB due to different coding rates and up to 0.8dB due to loss in coding gain) degradation can be seen on the rawBER curve in figure 2 giving somewhere around 15% for the rawBER.

It is believed that Transport channel BER estimations with +-10% accuracy can be performed up to 15% Tr Ch BER for convolutional coding rate 1/3rd with a maximum of 25% puncturing, rate ½ with no puncturing and turbo coding rate 1/3rd with a maximum of 20% puncturing.

Verification of BER estimation accuracy

The measurement period of the BER measurement is one TTI. Depending on the configuration of the transport channel the number of bits included in one TTI, which can be used for the BER estimation, may vary. The accuracy of the BER estimation will be dependent of the number of bits that is used, i.e. a more accurate BER estimate is possible when a large number of bits are received than if only a few bits are received.

Assuming that the statistical distribution of the BER measurement is the binomial distribution, the number of erroneous bits needed to achieve a specific uncertainty can be calculated. In figure 3 below the number of erroneous bits that is required to estimate BER with 1%, 5% and 10% uncertainty of the actual BER with a confidence level of 90% are shown. 
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Figure 3
Number of erroneous bits required for a BER estimation uncertainty of 1%, 5% and 10% with 90% confidence level

The accuracy requirement for the BER measurement is given in percentage in relation to the “absolute BER”. The intention with the absolute BER is to represent the input BER at the decoder, averaged over a sufficient number of TTIs (bits). From figure 3 it is obvious that it will not be possible to always fulfil +-10% accuracy for one single BER measurement that is measured over one TTI, as the required number of bits may not be sufficient. 

If the BER accuracy requirement is put on each Tr Ch BER measurement report, based on one TTI, the accuracy requirement needs to be dependent both on the actual BER value and the number of bits recieved in the TTI. Another option is to put constraints on the minimum number of bits received for the accuracy requirement to be valid, or instead the number of erroneous bits that at least shall be received for the accuracy requirement to be valid. It can be seen from figure 3 that the number of erroneous bits required to achieve a specific uncertainty in the BER estimate is fairly constant. This may lead to that several consecutive Tr Ch BER reports (each estimated over one TTI) have to be averaged to verify the Tr CH BER measurement accuracy.

It is proposed that the requirement shall be formulated in such way that the average of consecutive Transport channel BER measurements, shall fulfil the accuracy requirement when measured over a minimum number of erroneous bits so that the necessary uncertainty is achieved in the BER estimate.

To achieve +-10% uncertainty in the BER estimate between 200 and 300 erroneous bits are required. It is proposed to set the requirement so that the estimated BER shall be within the specified accuracy when the BER is estimated over 500 erroneous bits, which corresponds to an uncertainty of +-7.5% in the BER estimate.

Physical channel BER
The measurement period for the Physical channel BER measurement is specified to one [TTI]. However the physical channel BER is measured on the DPCCH which does not have a TTI associated with it. According to TS 25.433 (NBAP) the Physical channel BER is used in the quality estimate (QE)-field together with the Transport channel BER. Depending on the IE QE-Selector one of the BER measurements (Tr Ch or Ph Ch) is selected to be inserted in the QE-field. As the QE-field always will be associated with a Tr Ch (DCH) also the TTI will be given by the TTI for the DCH to which the Physical channel BER is associated to via the QE-Selector. It is clarified that the measurement period shall be equal to the TTI of the transport channel to which the Physical channel BER is associated via the IE QE-Selector
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8.2.6
Physical channel BER

The measurement period shall be equal to the TTI of the transport channel, to which the Physical channel BER is associated via the IE QE-Selector, see TS 25.433 section 9.2.2.58 QE-Selector.

8.2.6.1
Accuracy requirement

Table 8-49

Parameter
Accuracy
Range

BER
+/- 10% of the absolute BER value.


8.2.6.2
Physical channel BER measurement report mapping

The Physical channel BER reporting range is from 0 to 1.

In table 8-50 the mapping of measured quantity is defined. The range in the signalling may be larger than guaranteed accuracy range.

Table 8-50

Reported value
Measured quantity value
Unit

PhCh_BER_LOG_000
Physical channel BER = 0
-

PhCh_BER_LOG_001
-( < Log10(Physical channel BER) < -2.06375
-

PhCh_BER_LOG_002
-2.06375( Log10(Physical channel BER) < -2.055625
-

PhCh_BER_LOG_003
-2.055625 ( Log10(Physical channel BER) < -2.0475
-

…
…
…

PhCh_BER_LOG_253
-0.024375 ( Log10(Physical channel BER) < -0.01625
-

PhCh_BER_LOG_254
-0.01625 ( Log10(Physical channel BER) < -0.008125
-

PhCh_BER_LOG_255
-0.008125 ( Log10(Physical channel BER) ( 0
-

8.2.7
Round trip time

The measurement period shall be [100] ms.

8.2.7.1
Absolute accuracy requirement

Table 8-51

Parameter
Accuracy
Range

RTT
+/- 0.5 chip
[876, …, 2923.75] chips

8.2.7.2
Round trip time measurement report mapping

The Round trip time reporting range is from 876.00 ... 2923.50 chip.

In table 8-52 the mapping of measured quantity is defined. The range in the signalling may be larger than guaranteed accuracy range.

Table 8-52

Reported value
Measured quantity value
Unit

RT_TIME_0000
Round trip time < 876.00
chip

RT_TIME_0001
876.00 ( Round trip time < 876.25
chip

RT_TIME_0002
876.25 ( Round trip time < 876.50
chip

RT_TIME_0003
876.50 ( Round trip time < 876.75
chip

…
…
…

RT_TIME_8188
2922.75 ( Round trip time < 2923.00
chip

RT_TIME_8189
2923.00 ( Round trip time < 2923.25
chip

RT_TIME_8190
2923.25 ( Round trip time < 2923.50
chip

RT_TIME_8191
2923.50 ( Round trip time
chip

8.2.8
Transport Channel BER

The measurement period shall be equal to the TTI of the transport channel. Each reported Transport channel BER measurement shall be an estimate of the BER averaged over one measurement period only.
8.2.8.1
Accuracy requirement
The average of consecutive Transport channel BER measurements is required to fulfil the accuracy stated in table 8-53 if the total number of erroneous bits during these measurements is at least 500 and the absolute BER value for each of the measurements is within the range given in table 8-53.
Table 8-53

Parameter
Accuracy
Range

TrpBER
+/- 10% of the absolute BER value.
Convolutional coding 1/3rd with any amount of repetition or a maximum of 25% puncturing:
for absolute BER value ( 15%

Convolutional coding 1/2 with any amount of repetition or no puncturing:
for absolute BER value ( 15%

Turbo coding 1/3rd with any amount of repetition or a maximum of 20% puncturing:
for absolute BER value ( 15%.
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