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Discussion on system capacity using QR bearers

1 Introduction

Link level simulations of Quarter Rate (QR) voice bearers have previously been presented in e.g. [1], showing that users experiencing good radio conditions could use QR voice bearers. In [1], static level simulations show that a considerable gain in system capacity could be achieved by using QR channels. To achieve the maximum capacity in such a system, users must have the possibility of adaptation between Half Rate (HR), Full Rate (FR) and QR as radio conditions change.

The adaptation will affect the speech quality and in order to maintain an acceptable speech quality the number of changes between FR, HR on QR has to be minimized. In this paper a discussion of the impact of fraction of HR, FR and QR users and C/I dynamics on system capacity will be performed. 

2 Approximation of system capacity using static system level simulations.

Link level performance estimations for FR, HR and QR rate bearers for the AMR MR59 speech coder is shown in Figure 1. Simulations have been performed with ideal frequency hopping in a TU3 channel. For all cases, the partitioning into Class 1a and 1b bits is done as for the AMR full rate modes in [2]. For the FR and HR modes, Unequal Error Protection (UEP) have been used, while the QR mode uses Equal Error Protection (EEP). The link level simulations show that the FR bearer requires approximately 5 dB, HR 9 dB and QR 17.5 dB to obtain a FER < 1%. 
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Figure 1 Link level performance of FR, HR and QR bearers. TU3, iFH, MR59

Figure 2 shows the CDF for a 4/12 reuse system from static system level simulations. The figure shows that approximately 1% of the users in the system will have to use a FR bearer, 15% can use a HR but not a QR bearer, while 84% are able to use QR bearers. With this information, a first approximation of the performance of a system using FR, HR and QR rate can be done.
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Figure 2 C/I distribution for 4/12 reuse system.

From the Erlang table we get that a blocking limited FR system with 24 available TS has a channel utilization of 16.63/24=69% at 2% Grade of Service (GoS). If X is the channel utilization in a new FR/HR/QR system, X is given by:


X*1% + 0.5X*15% + 0.25X*84%=0.69

since we know that 1% of the users use a full channel, 15% are using half a channel and 85% are using a quarter of a channel. From the equation we get that the FR/HR/QR system will be capable of handling 2.34 users per timeslot i.e. the system capacity is increased 3.39 times compared to a FR system.

For a FR/HR system, the corresponding calculation is given by:


X*1% + 0.5X*99% = 0.69

This gives a channel utilization of 1.37 i.e. the system capacity is increased 1.98 times. The result is a capacity increase of 71% for a full FR/HR/QR system compared to a FR/HR system.

Unfortunately these calculations do not take into account the trunking gain in channel utilization provided by the QR users. However, we can get an upper limit by calculating the possible system capacity gain using the timeslot utilization in a system with only quarter rate users. In a 24 timeslot system with only quarter rate channels (4*24=96 channels), the Erlang table gives us a channel utilization at 2% GoS of 84.1/96=88%. This gives:

X*1% + 0.5X*15% + 0.25X*84%=0.88

for a FR/HR/QR system. For a FR/HR system, the equivalent channel utilization is 38.4/48=80%. This gives:


X*1% + 0.5X*99% = 0.8

With this upper limit, the system capacity gain is 4.3 times for a FR/HR/QR system and 2.3 times for a FR/HR system compared to a FR system. This would give a system capacity increase of 87%. This upper bound approximation is more exact for reuses where the fraction of QR users is very large (4/12 and 7/21) while the approximation gets less exact for more dense reuses (1/3), where the fraction of quarter rate users is small,

By using C/I distributions from different reuses, other fractions of FR, HR and QR can be calculated and the gain of introducing QR compared to HR can be calculated in the same way as above. The results from these calculations can be seen in Figure 3. The figure shows only the increase in capacity without trunking gain.
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Figure 3 Estimated capacity gains (without trunking gain) for different reuse, compared to a FR/HR system by introducing QR.

3 Impacts of C/I dynamics

In order to investigate the impact of C/I variations, dynamic system level simulations have been performed. During the simulations C/I values for all the users in each time step have been recorded. 

When the adaptation between FR, HR and QR is done with the aid of some kind of intra-cell handover and frame stealing, it is important that the speech quality is not severely affected by the number of handovers. In order to approximate the number of handovers needed in a system using FR, HR and QR the simulation results from the dynamic system level simulation were used. The number of handovers calculated in this paper is an estimation of how many handovers that is needed for ideal adaptation. In reality, the handover rate is limited by e.g. measurement reporting period.

Figure 4 shows how the number of handovers is distributed over the users. It can be seen that without hysteresis, 10% of the users have 4 handovers per second or more.

One method to decrease the number of handovers is to implement the rate adaptation with some kind of hysteresis. Link level simulations show that the switching point between HR and QR ultimately is 18 dB. By not letting a user switch from HR to QR until a C/I of 21 dB is reached and switch down from QR to HR at a C/I of 18 dB, the number of handovers will be decreased. Simulations show that with hysteresis, the number of handovers is decreased to 0.9 handovers per second at the 10th percentile. The distribution of handovers with hysteresis is shown in Figure 4.
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Figure 4 Distribution of handovers in a 4/12 system using HR, FR and QR. With and without hysteresis.

4 Conclusions

In this paper, the gain from introducing QR bearers has been investigated. The calculation shows that in system with high reuse, a considerable gain can be expected by introducing QR channels. The estimations show that a gain of 71% of compared a FR/HR system in a 4/12 reuse can be expected. This is an underestimation of the ideal capacity increase, since trunking gain from introducing QR is not considered. By assuming maximal trunking gain, also an upper limit of the capacity gain has been approximated for the 4/12 reuse. By assuming a channel activity corresponding to a system with only QR users, the approximation gives a gain of up to 87% compared to a FR/HR system.

Dynamic system level simulations show the need of some kind of hysteresis in the adaptation in order to keep the number of handovers low. The first simple estimations show that the number of handover at the 10th percentile decreases from 4 per second and active user to 0.9 per second and active user with a handover margin of 3 dB. If the handover margin is increased to 6 dB, the number of handovers per second and active user drops to 0.4 at the 10th percentile. The handover rate will also be limited by e.g. measurement reports and to fully investigate the impact of handover on system capacity gain and speech quality, full dynamic system simulations have to be done.

The large potential gain (upper limit calculation show even larger capacity increase when taking trunking gain into account.) from introducing QR makes it an interesting technique to include in the standard as a performance enhancement for GERAN R´00 and onwards.
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