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1. Introduction

This contribution proposes a multiplexing 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 few tens of bits and is time-multiplexed in 3 OFDM symbols in each sub-frame #0 within the P-BCH TTI.
2. Each instance of P-BCH transmission within a P-BCH TTI is self-decodable and gives the TTI timing, while all P-BCH transmissions can be temporally soft-combined within the TTI period
2. Structure of the primary broadcast channel
In this contribution, the assumption is that the P-BCH transmissions occur four times per P-BCH TTI of 40ms. Therefore, each P-BCH burst is transmitted once per radio frame in sub-frame #0 together with the P-SCH and S-SCH. Within a sub-frame containing the P-BCH (sub-frame #0), the following structure is proposed:
1. The P-BCH is not transmitted in the following OFDM symbols:

a. First 3 OFDM symbols of the P-BCH sub-frame are reserved for the control signalling channels (PDCCH) [2]
b. Last 5 OFDM symbols (or 4 for the long CP) can be muted for an DL-UL idle period in case of TDD [2]
c. Last 2 OFDM symbols of the first slot are reserved for P-SCH and S-SCH transmission [2]
2. The P-BCH parameters are as follows:
a. P-BCH is time-multiplexed to a few OFDM symbols within sub-frame #0
b. P-BCH is frequency multiplexed to 72 subcarriers at the center of the system bandwidth. This equals 6 PRBs.
c. Sub-carriers from up to three OFDM symbols are allocated to the P-BCH. Example allocations are shown in Figure 1, 3 and 4. 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 signals (RS) from any number of transmit antenna are not included in the P-BCH transmission.
3. Each P-BCH instance within a P-BCH TTI is self-decodable, while the constant content of the P-BCH transmissions enables temporal soft combining of up to four P-BCH bursts within the P-BCH TTI

4. Each P-BCH instance as well as any soft-combined combination of P-BCH instances points to the 40ms timing. This is achieved by applying cell-specific scrambling with a period equal to the P-BCH TTI and blind timing detection, as illustrated in Figure 2
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Figure 1 P-BCH allocation within a sub-frame. Sub-carriers allocated to P-BCH are marked in red. The Resource Elements reserved for any possible reference signals for any number of transmit antennas are not used for P-BCH transmission
Figure 1 illustrates the proposed P-BCH transmission in the radio frame structures of normal and extended CP in case of FDD. The corresponding structures for TDD FS1 and FS2 are shown in Figure 3 and Figure 4 respectively. The TDM-based structure enjoys the following key properties:
i. P-BCH code block is of constant size for different system bandwidths, for different frame structures with the 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. (The P-SCH and S-SCH indicate both the time multiplexing structure and the frequency multiplexing structure even with the cell specific shifting or hopping reference signals)
iii. Time-multiplexing of P-BCH enables UE power saving and low decoding delay.
iv. Compliancy with TDD mode: P-BCH can be identical for FDD and TDD modes in the time-multiplexed proposal, because the P-BCH is not extended to any of the last OFDM symbols of the sub-frame which can be muted due to the downlink-uplink switching time in TDD cells, see [2].

v. Self-decodable P-BCH instances (i.e., no interleaving over consecutive frames) ensure low decoding delay for UEs at high geometries.
vi. Constant payload of each burst within a TTI gives highly reliable decoding of the information bits due temporal soft-combining and time diversity within the TTI. UEs at high geometries 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 geometries 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.
vii. Cell-specific scrambling with a period equal to the P-BCH TTI enables SFN synchronization by reading 10 explicit SFN bits. The remaining 2 bits are detected with the scrambling code phase, which implies a maximum of four hypotheses. 
In contrast, an FDM-based structure of the P-BCH offers less frequency diversity and is less suitable for DRX mode; furthermore, as shown in Annex C, there is a link level loss of the FDM-based structure compared to the TDM-based structure.
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Figure 2 P-BCH TTI structure enabling: soft-combining and 12-bit SFN synchronization
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 the P-BCH is given in Table 1. As a consequence, between 35 and 49 bits are needed for the P-BCH (information + CRC). 
One of the last remaining issues regarding the L1 P-BCH payload is whether the DL RS TX power/EPRE should be included in the P-BCH. While this parameter is needed for open loop power control for the RACH and the PUSCH/PUCCH in the serving cell, we do not see a need for the UE to decode the RS TX power of all neighbour cells neither for mobility nor for UL PC reasons. Thus, we propose to reduce the overhead and move the RS TX power/EPRE from the P-BCH to the D-BCH. It could be noted that the RACH and UL PC parameters are assumed to be conveyed by the D-BCH so there is no benefit of the early RS TX power presence in the P-BCH.
Table 1 Current assumption on the content and size of P-BCH.
	Parameter
	Number of bits
	Comment

	Downlink system bandwidth
	4
	

	Number of transmit antennas
	1-2
	Depending on P-BCH TX diversity

	DL RS TX power
	0-6
	Absolute RS power or RS energy per resource element (EPRE)

	Scheduling information of D-BCH
	1 (FFS)
	Presence of this parameter is FFS

	Offset
	6 (FFS)
	Presence of this parameter is FFS

	Value tag
	~4 (FFS)
	Change indicator for the system information (SI), the number of bits is FFS

	System frame number
	10
	10 msb of a 12-bit SFN, the remaining 2 bits can be detected from the phase of the scrambling code

	CRC
	16
	CRC for the information field

	Total: information field (L1 + L2/L3 parameters)
	19-33
	

	Total: information + CRC
	35-49
	


Two alternatives for mapping the P-BCH to the Resource Elements are given in Tables 2 and 3 for the lower and upper bound of the P-BCH payload respectively. QPSK modulation and 16 bit CRC are assumed. Each P-BCH field is encoded at rate 1/6 by applying a code repetition factor of 2 over the mother code rate of 1/3. Coded P-BCH entities are self-decodable from one sub-frame (no-interleaving over consecutives sub-frames), which ensures low decoding delay for UEs at high geometries. Temporal soft-combining from two up to four consecutive radio frames ensures reliable decoding for UEs at low geometries while keeping the decoding delay within the P-BCH TTI. As shown in [3], the achieved effective code rate of 1/24 allows the P-BCH to fulfil the quality and coverage requirements even with 1 TX antenna.
Table 2 P-BCH coding and symbol mapping parameters for the lower bound of the P-BCH payload
	BCH allocation     ( short CP case)
	# of subcarriers
	Channel code
	# of soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information bits  including CRC bits

	2 OFDM symbols

(Sub-frame #0, slot #0, symbol #4 & slot #1, symbol #0)
	2 x 48=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 P-BCH coding and symbol mapping parameters for the upper bound of the P-BCH payload
	BCH allocation     ( short CP case)
	# of subcarriers
	Channel code
	# of soft-combining
	Effective rate (Reff)
	# of coded bits
	# of information bits including CRC bits

	3 OFDM symbols

(Sub-frame #0, slot #0, symbol #4 & slot #1, symbols #0, #1)
	3 x 48=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
	
	


4. Discussion and conclusions

In this contribution, the principles and criteria for mapping the P-BCH to the Resource Elements are described and proposed. On the basis of the analysis, we propose:

· TDM-based structure of the P-BCH in 3 OFDM symbols in each sub-frame where it is occurring, 
· The same structure for FDD, TDD FS1 and FS2
· Four self-contained P-BCH transmissions per 40ms P-BCH TTI and temporal soft-combining of up to four P-BCH bursts within the TTI
· Cell-specific scrambling with a period equal to the P-BCH TTI to allow blind P-BCH TTI timing detection

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,  Table 2 and 3 indicate that 2-3 OFDM symbols per P-BCH sub-frame are feasible.
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Annex A: Proposed P-BCH Structure for TDD FS1
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Figure 3 P-BCH structure for TDD frame structure type 1
Annex B: Proposed P-BCH Structure for TDD FS2
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Figure 4 P-BCH structure for TDD frame structure type 2
Annex C: TDM vs. FDM mapping for P-BCH; detection performance

Table 4 Simulations assumptions of TDM vs. FDM mapping comparison

	Transmission bandwidth
	1.25 MHz

	IFFT size; # of used sub-carriers
	128; 72

	Occupied bandwidth; Sub-carrier spacing
	1.080 MHz; 15 kHz

	TTI length
	1 ms (14 OFDM symbols)

	Modulation
	QPSK

	Channel model / UE velocity
	3GPP TU / 3 km/h

	Channel estimation
	Real 2D estimator using RS over 2 consecutive sub-frames

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	Transmit diversity; Receive diversity
	1 transmit (Tx) antenna & 2 Tx SFBC; 2 receive (Rx) antennas

	Detector
	Maximum likelihood


Table 5 TDM and FDM coding and symbol mapping parameters

	
	P-BCH allocation (short CP case)
	# of PRBs
	Channel code
	# of soft-combining
	Reff
	# of coded bits
	# of information + CRC bits

	TDM
	Slot #0, symbol #4 &  Slot #1, symbol #0,1
	6 (full BW)
	CC-TB, R=1/3, L=7 & code repetition by 2
	4
	1/24
	288
	48

	FDM
	Slot #0, symbol #3,4 & Slot #1, symbol #0,1,2,3,4
	2 (BW edges) 
	
	
	
	270
	45
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Figure 5 TDM versus FDM mapping of P-BCH; link level performance for 1Tx and 2 Tx SFBC transmission




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































