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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, cell selection, and re-selection. Following the discussions on the BCH up to the #44bis meeting, this paper presents details on the required control signaling bits for the BCH and resultant BCH structure for the E-UTRA downlink.

2. Control Information Bits for BCH

In order to clarify the BCH structure, the control signaling bits required for the BCH should be defined. Control signaling bits in the BCH are categorized into cell-specific information, Node B-specific information, and system-specific (multi-cell specific) information. Furthermore, another level of categorization into primary information, which is transmitted using a pre-determined transport format and fixed pre-determined scheduling, and non-primary information was proposed in [1],[2].

Table 1 lists the control signaling bits required for the BCH associated with the two types of categorizations [3]. The following are features of the BCH control signaling bits.

· System-specific information is small, in other words, most of the information is Node B or cell-specific information.
· Both primary and non-primary information are specified (We define the primary information as the information to which radio resources are statically assigned).
Table 1 - Control Information Bits in BCH
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3. Proposed BCH Structures

3.1. Synchronous Transmission and Soft-combing Reception within the Same Node B

From the results in Table 1, we see there are many Node B-specific control signaling information bits in the BCH. Thus, we propose synchronous transmission with delay diversity and soft-combining reception of the BCH at UEs among cells (i.e., sectors) within the same Node B to improve the received quality as shown in Fig. 1, which is the same transmission scheme as we proposed for the paging channel (PCH) [4]. Thus, as discussed in [5], a sector-common pilot channel is a more promising candidate than the sector-specific orthogonal pilot channel. In this case, the sector-common pilot channel is used for the BCH decoding, and the sector-specific orthogonal pilot channel in the same resource block is used to decode the L1/L2 control channel and CQI measurement. 
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Figure 1- Synchronous transmission and soft-combining reception of BCH within the same Node B

3.2. Multiplexing in Time Domain

(1) Primary information

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

· The BCH is multiplexed into one sub-frame duration during one radio-frame duration. In the example in Fig. 2, the BCH is multiplexed into the first sub-frame at each radio frame. We propose a  multiplexing restriction such that the multicast or MBMS channel cannot be multiplexed into the sub-frame in which the BCH is assigned, i.e., the first sub-frame in the example in Fig. 2. 

· The primary information in the BCH is transmitted in the first sub-frame during every or every few radio frames. The transmission interval of the primary information in BCH is FFS.
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Figure 2 – Multiplexing of BCH for primary information
(2) Non-primary information

· UEs are informed of the resource block (RB) assignment of the BCH for non-primary information using the primary information in the BCH.
· The BCH for non-primary information can be multiplexed into the same or different RBs of the BCH for primary information as shown in Figs. 3(a) and 3(b). The optimum RB assignment of the BCH for non-primary information is FFS.
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(a) Multiplexing into the same RB
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(b) Multiplexing into different RBs
Figure 3 – Multiplexing of BCH for non-primary information

3.3. Multiplexing in Frequency Domain
· 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. 4, so that no change in the carrier frequency is necessary after establishing the initial acquisition. 

· We clarified that the BCH employing a 5-MHz transmission bandwidth achieves superior PER performance compared to that employing a 1.25-MHz transmission bandwidth associated with the large increase in the frequency diversity effect. More specifically, the required average received Eb/N0 at the average PER of 10-2 with a 5-MHz transmission bandwidth can be decreased by approximately 1.5 dB compared to that with a 1.25-MHz bandwidth. 
· Thus, the BCH both for the primary and non-primary information is transmitted with a 5-MHz bandwidth when the system bandwidth is 5 MHz or wider (note that the BCH bandwidth is 1.25 MHz when the system bandwidth is narrower than 5 MHz).
· The transmission bandwidth of the BCH, i.e., system bandwidth of the target Node B, is known to UEs before decoding the BCH.
· At the reception after the initial cell search, the UE is informed of the transmission bandwidth of the BCH using the SCH sequence.

· In the connected mode, the UE is informed of the transmission bandwidth of the BCH for a neighboring cell using the BCH of the connected cell.
· The detailed structure in the frequency domain, whether discontinuous or continuous transmission,  will be decided considering the required control bits and link budget (the required channel coding rate and repetition factor).
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(a) Discontinuous RB allocation
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(b) Continuous RB allocation

Figure 4 – Multiplexing of BCH in frequency domain

3.4. Channel Coding

(1) Primary information
· The primary information bits in the BCH are channel-encoded together. 

· The channel-coding block length for the primary information is one sub-frame duration, to transmit primary broadcast information every or every few radio frames (short time interval).

(2) Non-primary information

· Three-types of channel coding schemes are considered for non-primary information in the BCH: one joint coding, multiple joint coding blocks, and separate coding. As shown in Table 1, the non-primary information bits are categorized into several groups. Thus, the multiple joint coding blocks or separate coding scheme is desirable as shown in Fig. 5. By applying multiple joint coding or separate coding, the UE can receive and decode only the required non-primary information.

· Channel coding block length of the non-primary BCH information can be longer compared to the  primary BCH information. The channel coding block length for the non-primary BCH information is FFS.
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Figure 5 – Channel coding of non-primary information in BCH

4. Conclusion

This paper first clarified the control information bits in the BCH. Then, we presented the following transmission scheme and multiplexing of the BCH.

· Synchronous transmission and soft-combining
· Synchronous BCH transmission with delay diversity and soft-combining reception at a set of UE is applied among cells, i.e., sectors, within the same Node B to improve the received quality.
· In this case, the sector-common pilot channel is used for the BCH decoding, and the sector-specific orthogonal pilot channel in the same resource block is used to decode the L1/L2 control channel and CQI measurement.
· Multiplexing in the time domain

· The BCH for the primary information is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs.
· UEs are informed of the resource block (RB) assignment of the BCH for non-primary information using the primary information in the BCH
· Primary information in the BCH is transmitted from the first sub-frame during every or every few radio frames. 
· The BCH for non-primary information can be multiplexed into the same or different RBs of the BCH for primary information. The optimum RB assignment of the BCH for non-primary information is FFS.
· Multiplexing in the frequency domain
· The BCH both for the primary and non-primary information is transmitted with a 5-MHz bandwidth when the system bandwidth is 5 MHz or wider (note that the BCH bandwidth is 1.25 MHz when the system bandwidth is narrower than 5 MHz).
· The transmission bandwidth of the BCH, i.e., system bandwidth of the target Node B, is known to UEs before decoding the BCH.
· The detailed structure in the frequency domain, whether discontinuous or continuous transmission, will be decided considering the required control bits and link budget (the required channel coding rate and repetition factor).
· Channel coding 
· The channel-coding block length for the primary BCH is one sub-frame duration to transmit primary broadcast information every or every few radio frames (short time interval).
· The channel coding block length of the non-primary BCH information can be longer than the primary BCH information
5. Text Proposal

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

7.1.1.2 Multiplexing including reference-signal structure
7.1.1.2.X
Downlink Broadcast Channel Structure
Downlink Broadcast Channel (BCH) is used for to inform all UEs of the system and cell-specific information for connection setup, cell selection, and re-selection. The features of the BCH are as follows.

· The broadcast information is split into primary and non-primary information.
· The BCH for the primary information is transmitted using an independent physical channel with a pre-determined radio resource, which is known to all UEs.
· The radio resource used for BCH for non-primary information may be reconfigurable and be informed by the primary information.
· The BCH both for the primary and non-primary information is transmitted with a 5-MHz bandwidth when the system bandwidth is 5 MHz or wider (the BCH bandwidth is 1.25 MHz when the system bandwidth is narrower than 5 MHz).
· Synchronous BCH transmission with delay diversity and soft-combining reception at a set of UE is applied among cells, i.e., sectors, within the same Node B to improve the received quality.
---------------------------------------- End of Text Proposal --------------------------------------------------
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