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1. Introduction

This contribution proposes a structure for the primary broadcast channel (P-BCH) channel in 1.25 MHz bandwidth or 72 subcarriers at the center of the bandwidth. The main focus in this contribution is to shape a structure and an operation mode for the P-BCH channel as follows:

1. The P-BCH conveys a fen tens of bits and is time-multiplexed in 1 to 3 OFDM symbols in each sub-frame where it is occurring.
2. The P-BCH is sub-divided into two separately encoded fields: a semi-static information field and a dynamic field dedicated to the System Frame Number (SFN) transmission. The semi-static information field is assumed to remain static over a sufficiently long time interval to allow temporal soft-combining and improve detection performance at low geometry values. Very rare updates to the contents of the semi-static information field are yet feasible.
2. Structure of the primary broadcast channel
In this contribution the assumption is that the P-BCH occurs once per 10 ms frame in sub-frame #0 together with the P-SCH and S-SCH. Within a sub-frame containing P-BCH, the following structure is proposed:
1. The first three symbols of slot #0 are reserved for the control signalling channels (PDCCHs). In the frame structure with the normal Cyclic Prefix (CP), symbols #5, 6 in slot #0 are allocated to S-SCH and P-SCH respectively. In the frame structure with the extended Cyclic Prefix, symbols #4 and #5 are allocated to the S-SCH and P-SCH.
2. The P-BCH parameters are as follows: 

a. The P-BCH is time-multiplexed to a few OFDM symbols within the sub-frame it is allocated to.
b. The P-BCH is frequency multiplexed to 72 subcarriers at the center of the system bandwidth. This equals 6 PRBs for 1.25 MHz bandwidth.
c. Sub-carriers from up to three OFDM symbols are allocated to P-BCH. In the frame structure with the normal (short) CP, the allocations appear in slot #0, symbols #3, #4 and slot #1, symbol #0. In the frame structure with the extended (long) CP, the allocations appear in slot #0, symbols #2, 3 and slot #1, symbol #0. The exact number of needed Resource Elements depends on the final choice of the effective code rate and the payload size. Sub-carriers reserved for transmission of any possible reference symbol (RS) from any number of transmit antenna are not included in the P-BCH transmission.
d. The P-BCH channel comprises of two separately encoded fields: the information field and the System Frame Number field. Such a split will further allow soft-combining of the information part over consecutive frames (assumed to remain static over a sufficiently long time), while the dynamic SFN field (counter) may be decoded and verified by selection combining over consecutive sub-frames. 
Figure 1 illustrates the proposed P-BCH transmission in the frame structures of normal (short) and extended (long) Cyclic Prefixes. This structure enjoys the following key properties:
i. P-BCH code block is of constant size for different system bandwidths, for different frame structures with normal or extended CP, for different number of RS symbols used in the cell and for different duplex (FDD and TDD) modes.

ii. P-BCH mapping to the Resource Elements is constant relative to the P-SCH and S-SCH for different system bandwidths, for different frame structures, for different number of RS symbols used in the cell and for different duplex modes.

iii. Time-multiplexing of P-BCH enables UE power saving and low decoding delay.
iv. Self-decodable P-BCH entities (i.e., no interleaving over consecutive frames) ensure low decoding delay for UEs at high geometries.
v. Split of P-BCH to semi-static and dynamic (SFN) parts allows highly reliable decoding of the information payload via temporal soft-combining over consecutive frames. UEs at high geometry values will most likely decode the P-BCH already from the first instance, keeping the decoding delay low. On the other hand, the UEs at lower geometry values will benefit of soft-combining over a longer time, as needed for the correct decoding, see [3]. The P-BCH information field is assumed to remain invariant within the duration of the soft-combining window. Soft-combining can not be applied to any dynamic part of P-BCH such as the SFN, which changes at every frame. However, selection combining may be used for SFN detection as its contents changes in a deterministic way.
3. Coding parameters and mapping to Resource Elements
As only a few tens of information bits are transmitted on the P-BCH, tail-biting convolutional code (CC-TB) at rate R=1/3 with constraint length L=7 is assumed, according to the current working assumption, agreed in RAN1. The current understanding on the content and total size of P-BCH is given in Table 1. As a consequence, between 41 and 61 bits are needed for the P-BCH (information + CRC and SFN). 
A couple of alternatives for mapping P-BCH to the Resource Elements are given in Tables 2 to 4 respectively, assuming QPSK modulation and 16 bit CRC. The SFN mapping to the Resource Elements is proposed in Table 5. Each P-BCH field (information, SFN) is encoded at rate 1/6 by applying a code repetition factor of 2. Coded BCH entities are self-decodable in one subframe (no-interleaving over consecutives subframes), which ensures low decoding delay for UEs at high geometry values. Temporal soft-combining of over two up to four consecutive frames ensures reliable decoding for UEs at low geometry values while keeping the decoding delay to reasonable values (20 to 40 ms) [3].
Table 1 Current assumption on the content and size of P-BCH.
	Parameter
	Number of bits
	Comment

	Downlink system bandwidth
	4
	

	Signalling of RS transmit power
	0-6
	Absolute RS power or RS energy per resource element

	Number of transmit antennas
	1-2
	

	MBSFN parameters
	0-9
	Zero bits preferred

	Scheduling information of D-BCH
	4-8
	

	Value_tag
	4
	Change indicator for the system information (SI)

	CRC
	16
	CRC for the information field (excluding SFN)

	System frame number
	12
	Separately coded

	Total: information field
	13-33
	

	Total: information + CRC
	29-49
	

	Total: information + CRC + SFN
	41-61
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Figure 1 P-BCH allocation within a sub-frame. Sub-carriers allocated to P-BCH are marked in red. Note: in case the PDCCH with the extended CP spans over 3 OFDM symbols, the first P-BCH symbol can be moved from slot #0 to slot #1 (e.g. symbol #2). The Resource Elements (sub-carrier symbols) reserved for any possible reference symbols (RS) for any number of transmit antennas are not used for P-BCH transmission: there are 24 such RS sub-carriers among the 72 center sub-carriers in given OFDM symbols that appear in (slot #0, symbol #0, #1, #4 and slot #1, symbol #0 contain RS sub-carriers).

Table 2 Alternative 1 for coding and symbol mapping parameters for P-BCH (information part).
	BCH allocation (information part, short CP case)
	# of subcarriers
	Channel code
	# of soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information bits  including CRC bits

	(Subframe #0, slot #0, symbol #4) & (Subframe #5, slot #0, symbol #4)
	48 x 2=96
	CC-TB, R=1/3, L=7, repetition factor of 2
	1
	1/6
	192
	32

	
	
	
	2
	1/12
	
	

	
	
	
	3
	1/18
	
	

	
	
	
	4
	1/24
	
	


Table 3 Alternative 2 for coding and symbol mapping parameters for P-BCH (information part).
	BCH allocation (information part, short CP case)
	# of subcarriers
	Channel code
	# of soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information bits including CRC bits

	Subframe #0, slot #0, symbols #3, 4
	72 + 48=120
	CC-TB, R=1/3, L=7, repetition factor of 2
	1
	1/6
	240
	40

	
	
	
	2
	1/12
	
	

	
	
	
	3
	1/18
	
	

	
	
	
	4
	1/24
	
	


Table 4 Alternative 3 for coding and symbol mapping parameters for P-BCH (information part).
	BCH allocation (information part, short CP case)
	# of subcarriers
	Channel code
	# of soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information bits including CRC bits

	(Subframe #0, slot #0, symbol #3) & (Subframe #5, slot #0, symbol #3)
	72 x 2=144
	CC-TB, R=1/3, L=7, repetition factor of 2
	1
	1/6
	288
	48

	
	
	
	2
	1/12
	
	

	
	
	
	3
	1/18
	
	

	
	
	
	4
	1/24
	
	


Table 5 SFN transmission: coding and symbol mapping parameters.
	SFN allocation
	# of subcarriers
	Channel code
	# of (intra-frame) soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information bits (no CRC)

	(Subframe #0, slot #1, symbol #0) & (Subframe #5, slot #1, symbol #0)
	36 x 2=72
	CC-TB, R=1/3, L=7, repetition factor of 2
	1
	1/6
	72
	12

	
	
	
	2
	1/12
	
	


4. Discussion and conclusions

In this contribution, the principles and criterion for mapping P-BCH to the Resource Elements is described and proposed. First, we propose to time-multiplex the P-BCH in 1 to 3 OFDM symbols in each sub-frame where it is occurring. Second, we propose to sub-divide the P-BCH into two separately encoded fields: a semi-static information field and a dynamic field dedicated to the System Frame Number (SFN) transmission. The semi-static information field is assumed to remain static over a sufficiently long time interval to allow temporal soft-combining and improve detection performance at low geometry values. Once there is an agreement by RAN1 and RAN2 about the exact contents of the bit-fields needed in the P-BCH, the exact mapping to the Resource Elements can be decided based on this proposal. According to the working assumptions, the alternatives in Table 3 and 5 appear the most feasible ones.
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