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1. Introduction
One of the open issues in the LTE multiplexing and channel coding specification [1] is the need for explicit BCH channel interleaving, in addition to the interleaver operation present in rate matching. In this brief contribution, we present simulation results demonstrating that no (or very small) gains can be obtained with BCH channel interleaving. Therefore, we propose that in line with the DL shared channel

· no additional channel interleaving is applied to the BCH.
2. Discussion
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Figure 1  Diagram of P-BCH transmission.
2.1. Time Interleaving

BCH payload is mapped onto the P-BCH and transmitted in four self-decodable bursts, separated by 10ms. The structure of a P-BCH burst is shown in figure 1 for FDD. As can be seen, the BCH is borne on four OFDM symbols and on 6 resource blocks. Four OFDM symbols per burst are also allocated in the case of TDD. This gives a maximum of 72*4*2 = 576 physical channel bits. In practice, this allocation is smaller due to the presence of the reference signals. As the BCH payload is in the range of 40​–50 bits, including the CRC, a single BCH burst will be coded at a very low rate, between 1/8 and 1/12. This guarantees multiple repetitions of each class of parity bits from the convolutional coder within a single BCH burst, capturing the available time diversity without additional channel interleaving.

2.2. Frequency Interleaving

In order to assess the maximum channel interleaving gain, we simulate the following idealized Scenario A:
· BCH payload, including the CRC, is set to 48 bits.

· The presence of RS is ignored, i.e. on every P-BCH bearing OFDM symbol 72*2 = 144 (= 3*48) bits are allocated. This means that exactly one full copy of the circular buffer is transmitted on every P-BCH bearing OFDM symbol, hence each class of parity bits is always transmitted in the same frequency sub-band.

· The highly frequency selective TU channel is chosen, 3 km/h.

· To put further emphasis on frequency-selective fading, 1 Tx and 1 Rx antenna is assumed.
Channel interleaving is implemented using the 2nd interleaver structure of [2]. As can be verified from figure 2, the channel interleaving gain under the idealized simulation assumptions is very small, ~0.2 dB.
Further, we evaluate a more realistic Scenario B, where resources are reserved for RS, BCH payload is not matched to the number of active REs per OFDM symbol, hence the repetitions of the circular buffer spill across P-BCH bearing OFDM symbols. Scenario B includes the following changes, compared to Scenario A:
· BCH payload, including CRC, is set to 44 bits.

· P-BCH is not mapped onto REs reserved for antenna 1 and 2 RS.
No interleaving gain is observed for Scenario B.

The above discussion did not consider interleaving across P-BCH bursts e.g. by using different interleaver or mapping rule for each burst within the BCH TTI. However, unless the most favourable Scenario A-like circumstances occurred, we expect not to observe any gains from such approaches.
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Figure 2  BCH interleaving simulation results, 1 Tx.

3. Proposal

Based on the above discussion and simulation results, it is proposed that no explicit channel interleaving is performed for the BCH.
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