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1. Introduction

In the E-mail discussion on control signaling initiated after the RAN1#44 meeting, discussions on the required number of control bits, coding method (joint or separated), and physical mapping of the L1/L2 control channel in the downlink sub-frame are under discussion. To design the downlink L1/L2 control signaling channel in E-UTRA, it is necessary to investigate the required channel coding rate and repetition factor (spreading factor) to achieve the required coverage, since the channel coding rate including repetition coding strongly affects the required radio resource for L1/L2 control signaling. In [1], the required repetition factor for the downlink L1/L2 control signaling channel to achieve coverage was clarified assuming rate-1/3 convolutional coding. This paper investigates the optimum combination of the channel coding rate and repetition factor for the L1/L2 control channel in the downlink assuming the possible use of a coding rate lower than 1/3.

2. Optimum Channel Coding Rate and Repetition Factor for Downlink L1/L2 Control Channel
2.1. Simulation Conditions

Table 1 gives the link-level simulation parameters that follow those in [2]. We assumed 10-MHz transmission bandwidth and L1/L2 control channel is transmitted by distributed OFDMA transmission. The number of the L1/L2 control information bits is set to 57, assuming separate coding between multiple scheduled UEs [3]. QPSK data modulation is assumed. A tail-biting convolutional code with constraint length of 9 bits is used and Viterbi decoding is assumed at the receiver. The channel coding rate is parameterized from 1/3 to 1/12. The repetition factor is also parameterized from 1 to 4. We assume single antenna transmission at Node B and 2-branch antenna receiver diversity at the UE. Channel estimation is performed using a common pilot channel. 6-ray TU channel with maximum Doppler frequency of fD = 5.55 Hz, corresponding vehicular speed of 3 km/h at 2-GHz carrier frequency.

Table 1 – Simulation parameters
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2.2. Simulation Results

Figure 1 shows the average block error rate (BLER) performance as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) for various channel coding rates. For fair comparison, we assumed constant effective coding rate including repetition coding for all channel coding rates, i.e. the product of the repetition factor and the inverse of the channel coding rate is set to 12 irrespective of the channel coding rate. From this figure, we can see that the required average received Es/N0 at the average BLER of 10-2 for the channel coding rate of 1/6 is decreased by approximately 0.5 dB compared to that using the channel coding rate of 1/3. Therefore, using a channel coding rate lower than 1/3 is beneficial to improve the link performance even for L1/L2 control channel. However, the further reduction in required average received Es/N0 by using channel coding rate lower than 1/6 is negligible. From the results, it is optimum to use rate-1/6 channel coding for the L1/L2 control channel, and if additional processing gain is necessary, simple repetition should be used.
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Figure 1 – Average BLER performance with channel coding rate as a parameter

Figure 2 shows the cumulative distribution function (CDF) of geometry. We tested Case 1 (inter-site distance (ISD) of 500 m and penetration loss of 20 dB) and Case 3 (ISD of 1732 m and penetration loss of 20 dB) from the agreed simulation assumptions in [2]. We assumed one-cell frequency reuse. It should be noted that assuming the inter-cell interference as noise, the geometry value corresponds to Es/N0. We find from Fig.2 that the cell edge geometry, which is defined as the 5% value of the geometry, becomes approximately -4.2 dB and -5.1 dB for the Case 1 and 3, respectively.
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Figure 2 – Cumulative distribution function of geometry

Finally, Figure 3 shows the average BLER performance as a function of the average received Es/N0 with the repetition factor as a parameter. We assumed the channel coding rate of 1/6 from the optimization in Fig. 1. By increasing the repetition factor from 1, the required average received Es/N0 becomes smaller due to the increased received signal power (we can see from the figure, additional frequency diversity by repetition is very small). From Fig. 3 and the required geometry value derived from Fig. 2, we conclude that for the range of ISD from 500 m to 1732 m, the repetition factor of 2 to 3 is necessary in addition to the channel coding rate of 1/6 for achieving an average BLER lower than 10-2 for the location probability of 95%.
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Figure 3 – Average BLER performance with repetition factor as a parameter

3. Conclusion

This paper presented the optimum combination of the channel coding rate and repetition factor for the L1/L2 control channel in the downlink assuming possible use of a coding rate lower than 1/3. From the simulation results, the following conclusion is derived.

· The optimum channel coding rate for the downlink L1/L2 control channel using tail-biting convolutional code is approximately 1/6. By using rate-1/6 channel coding an additional 0.5-dB coding gain is achieved comparing to the rate-1/3 coding.
· Repetition (spreading) is necessary to achieve sufficient coverage in a multicell with one-cell frequency reuse. For the range of ISD from 500 m to 1732 m, the repetition factor of 2 to 3 is necessary in addition to the channel coding rate of 1/6 for achieving average BLER lower than 10-2 for the location probability of 95%.
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