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1. Introduction

The broadcast channel (BCH) is used to inform all UEs of the system and cell-specific information for connection setup. This paper presents views on the BCH structure in OFDMA radio access for the E-UTRA downlink.

2. Proposed BCH Channel Structure

All UEs within a cell must receive the BCH at the beginning of connection setup without any control signaling. They must also receive the BCH regardless of the UE capability pertaining to the reception bandwidth, while considering the E-UTRA requirement to support multiple transmission bandwidths from 1.25 to 20 MHz. Moreover, the system-dependent required QoS, e.g., the required packet error rate (PER) and delay, must be guaranteed in order to satisfy the outage probability for all UEs within a target cell. According to these requirements, we propose the following BCH transmission methods [1], [2].

· The BCH is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs.

· The BCH is transmitted from the center part of the system bandwidth allocated to each cell similar to the synchronization channel (SCH) as shown in Fig. 1, so that no change in the carrier frequency is necessary after establishing the initial acquisition. 

· The BCH is transmitted with a fixed transmission bandwidth, which is equal to or narrower than the minimum-maximum reception bandwidth of the UE capability. The actual transmission bandwidth is discussed in Section 3.

· Frequency diversity should be used to improve the PER performance of the BCH. Thus, the BCH is transmitted by either a localized transmission with frequency domain spreading (repetition) or distributed transmission as shown in Fig. 1. The decision whether to use the localized or distributed transmission is FFS.

· The BCH is multiplexed into N sub-frames during one radio frame duration. In the example in Fig. 2, the BCH is multiplexed into the first and n-th sub-frames assuming N = 2. To multiplex BCHs in a unified manner, we propose a restriction such that only the unicast physical channels are multiplexed into the first and n-th sub-frames of a radio frame. Accordingly, the MBMS channel can be multiplexed into the remaining 18 sub-frames. 
· Time diversity, i.e., multiple transmissions, should be used to improve the PER of the BCH.

· Transmit diversity such as delay diversity, time switched transmit diversity (TSTD), and space time block coding (STBC) is beneficial in improving the PER of the BCH.
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Figure 1 – Proposed BCH structure


[image: image2.wmf]Mandatory

-

used for 

unicast

(Cell

-

specific scrambled pilot)

Any sub

-

frame can be used for 

unicast

or MBMS

Sub

-

frame #1

Sub

-

frame #2

Sub

-

frame #

n

Sub

-

frame #20

BCH

Sub

-

frame #1

BCH

BCH

10

-

msec radio frame

Example: 

N

= 2

Mandatory

-

used for 

unicast

(Cell

-

specific scrambled pilot)

Any sub

-

frame can be used for 

unicast

or MBMS

Sub

-

frame #1

Sub

-

frame #2

Sub

-

frame #

n

Sub

-

frame #20

BCH

Sub

-

frame #1

BCH

BCH

10

-

msec radio frame

Example: 

N

= 2


Figure 2 – Proposed BCH multiplexing method

3. Transmission Bandwidth of BCH

As mentioned earlier, frequency diversity associated with the channel coding gain should be used to achieve good PER performance with a wide area coverage. Thus, we investigate the PER performance assuming the BCH focusing on the achievable frequency diversity effect. Table 1 gives the simulation parameters that follow those in [3]. We use QPSK modulation and the channel coding rate of R = 1/2. We assume ideal FFT timing detection, but conduct real channel estimation employing the TDM-based pilot channel. A six-ray Typical Urban (TU) channel model is assumed. In addition to one transmission, we also investigate the PER performance using time diversity with the total number of transmissions of M = 2 and 4. We assumed that the same packet as that in the first transmission is transmitted in the subsequent transmissions for time diversity. These received packets are combined by Chase combining.
Table 1 – Simulation Parameters
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Figure 3(a) shows a comparison of the average PER performance of the BCH employing 1.25- and 5-MHz transmission bandwidths as a function of the average received signal energy per bit-to-noise power spectrum density ratio (Eb/N0) for the fading maximum Doppler frequency of fD = 5.55 Hz (corresponding speed is 3 km/h at a 2-GHz carrier frequency). Figure 3(b) shows a comparison of the average PER performance of the BCH employing between 1.25- and 10-MHz transmission bandwidths assuming the same conditions as in Fig. 3(a). In both figures, the number of transmissions is M = 1, 2, and 4. The figures clearly show the benefit of wideband transmission such as the 5- and 10-MHz associated with the increased frequency diversity effect. The required average received Eb/N0 at the average PER of 10-2 in the 5- or 10-MHz transmission is reduced by approximately 1.5 dB compared to that in the 1.25-MHz transmission.  These results also indicate that the additional frequency diversity effect in the 10-MHz transmission compared to that in the 5-MHz transmission is minor. The figures also show that the time diversity effect provides no gain in a low mobility environment such as fD = 5.55 Hz.
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(a) Comparison between 1.25-MHz and 5-MHz transmission bandwidths
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(b) Comparison between 1.25-MHz and 10-MHz transmission bandwidths
Figure 3 – Average PER performance of BCH with fD = 5.55 Hz
Figures 4(a) and 4(b) show a comparison of the average PER performance of the BCH employing 1.25-MHz and 5-MHz transmission bandwidths and that employing 1.25-MHz and 10-MHz transmission bandwidths, respectively, for fD = 55.5 Hz, i.e., 30 km/h at a 2-GHz carrier frequency. Similar to the performance in Fig. 3, a wide transmission bandwidth such as 5 and 10 MHz exhibits the superior performance compared to the 1.25-MHz transmission bandwidth, while the gain from increasing the transmission bandwidth from 5 to 10 MHz is minor. Furthermore, under the condition of fD = 55.5 Hz, the time diversity effect is observed. For instance, when the number of transmission is increased from M = 1 to 2, the required average received Eb/N0 for average PER of 10-1 and 10-2 is improved by approximately 3.5 and 4.0 dB, respectively, in the 5-MHz transmission bandwidth.
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(a) Comparison between 1.25-MHz and 5-MHz transmission bandwidths
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(b) Comparison between 1.25-MHz and 10-MHz transmission bandwidths
Figure 4 – Average PER performance of BCH with fD = 55.5 Hz
Based on these results, the BCH employing the 5-MHz transmission bandwidth achieves superior PER performance compared to that employing the 1.25-MHz transmission bandwidth associated with the large increase in the frequency diversity effect. Meanwhile, the additional frequency diversity gain by employing the 10-MHz transmission bandwidth is minor compared to that employing the 5-MHz transmission bandwidth. Consequently, from the viewpoints of the achievable average PER performance, the BCH employing the transmission bandwidth of 5 MHz is very beneficial for a system bandwidth greater than 5 MHz for both with and without time diversity.

4. Conclusion

In the paper, we clarified that the wideband transmission of the BCH with a 5-MHz bandwidth is beneficial in decreasing the required average received Eb/N0 for both with and without time diversity. We propose the following transmission methods for the BCH.

· The BCH is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs. 

· The BCH is transmitted from the center part of the system bandwidth allocated to each cell similar to the synchronization channel, so that no change in the carrier frequency is necessary after establishing the initial acquisition. 

· The BCH is transmitted with a fixed transmission bandwidth, which is equal to or narrower than the minimum-maximum reception bandwidth of the UE capability. The actual transmission bandwidth is 5 MHz for a system bandwidth greater than 5 MHz.

· Frequency diversity should be used to improve the PER performance of the BCH. Thus, the BCH is transmitted by either a localized transmission with frequency domain spreading (repetition) or a distributed transmission. The decision whether to use the localized or distributed transmission is FFS.

· Time diversity, i.e., multiple transmissions, should be used to improve the PER of the BCH.
· Transmit diversity such as delay diversity, TSTD, and STBC is beneficial in improving the PER of the BCH. 

5. Text Proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1.1.3 Channel coding and physical channel mapping
7.1.1.3.X BCH structure
· The BCH is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs. 

· The BCH is transmitted from the center part of the system bandwidth allocated to each cell similar to the synchronization channel, so that no change in the carrier frequency is necessary after establishing the initial acquisition. 

· The BCH is transmitted with a fixed transmission bandwidth, which is equal to or narrower than the minimum-maximum reception bandwidth of the UE capability. The actual transmission bandwidth is 5 MHz for a system bandwidth greater than 5 MHz.

· Frequency diversity should be used to improve the PER performance of the BCH. Thus, the BCH is transmitted by either a localized transmission with frequency domain spreading (repetition) or a distributed transmission. The decision whether to use the localized or distributed transmission is FFS.

· Time diversity, i.e., multiple transmissions, should be used to improve the PER of the BCH.

· Transmit diversity such as delay diversity, TSTD, and STBC is beneficial in improving the PER of the BCH. 

---------------------------------------- End of Text Proposal --------------------------------------------------
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