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1.
Introduction

The definition of the BCH transport channel is copied from 36.300 for clarity:

The BCH transport channel is characterized by a fixed pre-defined transport format. The BCH physical-layer model is described based on the corresponding BCH physical-layer-processing chain, see Figure 5.4.1.2:

-
Higher-layer data passed to/from the physical layer
-
A single (fixed-size) transport block per TTI.

-
CRC and transport-block-error indication
-
Transport-block-error indication delivered to higher layers.

-
FEC and rate matching
-
Channel coding rate is implicitly given by the combination of transport block size, modulation scheme and resource assignment;

-
No BCH Hybrid ARQ, i.e. no higher-layer control of redundancy version.

-
Interleaving
-
No control of interleaving by higher layers.

-
Data modulation
-
Fixed modulation scheme (QPSK), i.e. not higher-layer control.

-
Mapping to resource blocks
-
Fixed pre-determined transport format and resource allocation, i.e. no higher-layer control.
-
Physical-layer processing Step 6: Multi-antenna processing

· Fixed pre-determined processing, i.e. no higher-layer control.
-
Support for Hybrid-ARQ-related signalling
-
No Hybrid ARQ.

It is assumed that the BCH transport channel is mapped into the CCPCH.   The CCPCH is characterised by the following:
· Modulation scheme is QPSK

· The CCPCH is transmitted on 72 active subcarriers, centred around the DC subcarrier.
In order to determine the maximum supportable BCH transport block size, we consider the impact of UE channel estimation on BCH performance with respect to achieving 1% BLER SINR levels equivalent to the 95%-ile or 98%-ile area coverage reliability C/I levels (-5.0dB and -6.7dB respectively) for case 3 (1732m ISD, -20dB PLoss).

2.
Discussion 
Before attempting to decode the BCH a UE will need to first determine the number of transmit antennas used for BCH transmissions (e.g. via S-SCH) unless the BCH transmit diversity scheme used is transparent to the UE (e.g. as with CSTD).  The UE then attempts to decode the BCH using the reference symbols within the relevant subframe.  It should be noted that when a UE is required to decode system information in the BCH transport channel (e.g. for cell selection) from a target cell, it is usually in a low SINR region.  As can be observed in Figure 1, there is an improvement of over 1 dB when channel estimation is based on the reference symbols from 3 subframes (subframe before, after and during BCH transmission) versus from only 1 subframe (the BCH subframe). 
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Figure 1: BCH performance – N=80 bits, CC R=1/18, No soft combining.

The substantial gain of 25% from improved channel estimation requires that the UE spend more time awake when reading the BCH, in this case ~ 2 ms more time. However, this is quite small compared to a DRX cycle of 2.56 seconds.  A UE might restrict its use of increased awake time for reading the BCH in low SINR conditions.  For example, when the previous downlink reference symbol SINR measurement from its serving cell drops below a threshold.  At high SINR, channel estimation may be based on reference symbols within the BCH subframe.  SINR may also be determined while decoding the synchronization symbols (P-SCH, S-SCH). In addition, it should be noted that in this evaluation, the PDCCH is transmitted over 3 OFDM symbols (l=3). When l is less than 3, the CCPCH may be transmitted over more OFDM symbols ( >10 ) within the subframes.  Given that l=2 is suitable for the BCH subframe given the reduction in available resource blocks and power resources for downlink data transmissions then 11 symbols (=14-2-3(1/3)) can be allocated for the BCH.  In this case the BCH payload size can be increased by 11/10.
Similarly, temporal soft combining of BCH transmissions may be used to help UEs is low SINR regions.   As can be observed in Figure 2, when soft combining is used, the required SINR (for one sub-frame channel estimation), to meet 1% BLER, is considerably lower (-7dB compared to -5.7 dB using CSTD) even with a higher payload (120 bits instead of 80) and a higher coding rate (1/12 instead of 1/18).  
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Figure 1: BCH performance – N=120 bits, CC R=1/12, Soft combining of 2 BCH’s

It is expected that applying both techniques, notably channel estimation for 3 subframes and soft combining would yield a block size substantially more than 120 bits.  Larger payloads still are supported given 11 symbols are used for the BCH instead of only 10.
BCH Payload (soft combining, 11 symbols, 3subframe channel estimation) ~= 165 bits 
3.
Conclusions
It has been shown that the throughput and coverage of the BCH transmitted over the CCPCH can be significantly improved for low SINR UEs via better channel estimation based on using the reference symbols in the subframes before and after the BCH subframe..  Temporal soft combining of consecutive BCH transmissions was also shown to significantly increase the supported BCH payload size for low SINR (cell edge) UEs and again requiring additional decoding time (10ms). Finally, with only 2 symbols per subframe used for downlink control signalling then 11 symbols in the BCH subframe can be allocated to the BCH.  Based on these observations it is recommended that the supportable BCH block size for 98%-ile coverage would be at least 120 bits and that this should be indicated to WG2 as a more reasonable guideline for determining BCH sizing for required systems information.
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Annex

Table 1 - Simulation parameters

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	P-BCH Bandwidth
	Center 6 RB’s (72 sub-carriers)

	P-BCH Size
	10 OFDM symbols

	TTI Duration
	1.0 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Resource Block BW
	180 kHz (12 sub-carriers)

	Control Overhead
	3 OFDM symbols

	Propagation channels
	TU (3 km/h)

	Channel estimator
	Non-Ideal using pilots from 1 sub-frame

	Modulation
	QPSK

	# of TX antennas
	2 – CSTD, SFBC

	# of RX antennas
	2

	Convolutional Coder
	R=1/3, K=9, Tail-biting
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