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1. Introduction

The structure and the transmission format of the Broadcast Channel (BCH) is yet undefined in [1]. This contribution describes aspects of the BCH transmission and proposes some baseline solutions. The BCH detection performance for BCH transmission including diversity techniques are compared by simulations.
2. Structure of the Physical Broadcast Channel

There were several contributions submitted to propose BCH structures in RAN1 meeting in Cannes, e.g. [3][5][8][9]. Many of these contributions describe the general purpose of the BCH and address its possible structuring in time and frequency. Performance of the proposed structures were simulated e.g. in [4][6][7][10][11].
The Nokia proposal is to divide the system information into two parts primary system information and secondary system information. The reason for splitting the system information in this way is that not all of the information needs to be transmitted at the same rate and splitting the information reduces overhead.
2.1 Primary system information

The primary system information is all the information needed in cell search, both initial cell search and for neighbor measurement, and for reading the secondary system information. This information should at least include information like system bandwidth, cyclic prefix arrangement, the MIMO parameters relevant for reading the system information (e.g. number of Tx antennas),  Cell ID, and from where to decode the remaining system information. The physical channel mapping of the primary system information must be static and the information has to appear in the dedicated resources, i.e. certain sub-carriers in a certain defined OFDM symbols during a specific sub-frame. With the higher repetition period for the primary system information reserving full resource blocks for might lead to excessive overhead. For these reasons it is natural that the primary system information is transmitted in its own physical channel (pBCH).
As stated in [1] the primary system information is transmitted at least once per frame. The pBCH should be transmitted in the same narrow bandwidth as the synchronization channel.  When the synchronization channel is repeated more than once per frame, it should also be possible to use the pBCH for detecting the frame timing in cell search[2]. Figure 1 depicts the frame structure including synchronization channel and pBCH.  The exact number of OFDM symbols that needs to be allocated for the pBCH depends on the amount of information that needs to be transmitted and the code rate required and is FFS.
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Figure 2. Part of the BCH common channel added to the channel structure of Figure 1 for the frame detection and for signaling of the primary system information.
2.2 Secondary system information
The secondary system information contains the remaining system information. As the System Information Elements are expected to have different timing requirements, they will be transmitted in code blocks with jointly coded IEs. The schedule of the code blocks will appear in the scheduling information known as the Master Information Block (MIB). The MIB may further consist of information related to the frequency multiplexing structure of the pBCH(S) in its scheduled sub-frames, and length information of the code-blocks. As the UE can detect the UE bandwidth from the primary system information, the secondary system information messages can be transmitted in the full system bandwidth in order to achieve frequency diversity gains, but the bandwidth should not be larger than the UE minimum bandwidth.. Due to the larger amount of data and  the scheduled nature of the secondary system information, the secondary system information is transmitted on the physical downlink shared channel (pDL-SCH) according to the scheduling information using a Physical Resource Block (PRB) level distributed transmission scheme according to [13].
The structure for transmitting the secondary system information is shown in figure 2.
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Figure 3. Secondary system information being transmitted on the pDL-SCH in a distributed manner.
3. Link performance of the Physical Broadcast Channel

In this section we study the link performance of the proposed structures in a generalized form without exact assignment of the information block length and code block size as these are yet undefined. The particular interest is on the transport mechanisms of the BCH Transport Channel on the pBCH for the primary system information and the pDL-SCH for the secondary system information.

In this contribution, the pBCH is assumed to be transmitted on the (~76) sub-carriers of the center-most 1.25 MHz frequency, as proposed by several companies in [4][9][10]. The length of the pBCH code-block is fixed and can be decided precisely once the information contents, number of OFDM symbols needed, and channel coding rate are decided. The pBCH may fit fully to a single time domain OFDM symbol, but it is not an issue to define it over more symbols, say up to 5 if ultimately necessary. The performance of pBCH(P) block is analysed in section 3.2.
The issue of mapping the Transport Channels to the Physical Channels is addressed separately e.g. in [12]. Here, the notation of pBCH(P) and pBCH(S) are tentatively used when discussing the separate requirements for the physical transport of the primary static system information and the flexible, scheduled secondary system information. In [12] they are mapped to pBCH and pDL-SCH respectively.
3.1. Simulation Assumptions

The simulation scenario is according to [1] and the assumptions and parameters used in this contribution are listed in Table I. As the channel coding performance depends on the Information Block Length (IBL), which is not known at present, the studies were carried out for a set of parameters. The IBL studied for the two cases are given in Table II for the pBCH(P) and Table III for the pBCH(S). Several IBL need to be supported as the amount of information present in each field will vary, for example due to varying number of neighbors in the neighbor list, measurements results, etc. 
Table I. Simulation assumptions and parameters for the BCH analysis.

	PARAMETER
	VALUE

	Transmission bandwidth
	1.25 MHz, 10 MHz

	IFFT size
	128, 1024

	Number of used sub-carriers
	75, 600

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	1,125 MHz, 9 MHz

	BCH data symbols
	5 symbols per code-block

	Modulation
	QPSK

	Channel coding
	Turbo 1/3 with 8 iterations

	Channel model
	3GPP TU

	UE velocity
	3 km/h, 30 km/h

	Channel estimation
	Real ChEst by 2D estimator

	Resource block bandwidth
	25 (24) sub-carriers, 375 kHz

	Number of distributed PRBs
	1, 2, 3, 6 with maximal frequency diversity for each

	Receive diversity
	2 rx

	Transmit diversity
	Case 1; No Tx diversity by 1 Tx

Case 2; SFBC Tx diversity by 2 TX

	Time diversity
	Case 1; No time diversity.

 Case 2; repetition coding and interleaving over PRBs in two sub-frames of two consecutive frames.

Case 3; soft-combining of two code-blocks in PRBs of two sub-frames of two consecutive frames.


Table II. Channel coding block sizes simulated for pBCH(P).

	# of time symbols
	# of coded bits
	# of info bits
	# of System Information bits

(excluding 16 bit CRC)
	Simulation

	1
	150
	50
	34
	Not shown

	2
	300
	100
	84
	-“-

	3
	450
	150
	134
	-“-

	4
	600
	200
	184
	-“-

	5
	750
	250
	234
	Shown


Table III. Channel coding block sizes simulated for pBCH(S).

	# of PRBs
	# of coded bits
	# of info bits
	# of System Information bits

(excluding 16 bit CRC)
	Simulation

	1
	250
	83
	67
	Shown

	2
	500
	166
	150
	-“-

	3
	750
	250
	234
	-“-

	6
	1500
	500
	484
	-“-


3.2. Simulation Results for the BCH performance
3.2.1 Comparison of different diversity techniques

Several diversity techniques are in use for the analysis of the BCH performance. The results show BLER as a function of SINR for rate 1/3 Turbo coded QPSK modulated block, which is received using a dual-antenna receiver in a 3GPP TU channel including realistic channel estimation. Both single transmit antenna (1 Tx) transmission and two transmit antenna transmissions, using the (2 Tx) Space Frequency Block Code (SFBC), are shown.

The pBCH(P) performance is shown in Figure 4. The Tx diversity gains are clear, shifting the selected 1% BLER target point by over 2 dB. However, in order to get sufficient perforamce at low SINR, additional diversity mechanisms are needed. Here, the gains of time diversity are added by using two simple schemes. In the first scheme soft-combining of symbols (Chase combining) is used between two consecutive instances of pBCH(P) transmission. The second scheme creates a longer code block by repetition coding and interleaving, and this longer code block is transmitted over two frames. As expected, the time diversity over two transmission instances improves the performance by roughly 3 dB. 
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Figure 4. Performance of the pBCH(P) as BLER vs. SINR including receive diversity, transmit diversity and time diversity transmission techniques. Frequency diversity is limited by the 1.25 MHz band.
The performance of pBCH(S) is shown in Figure 5, with the diversity transmission techniques in Fig. 5a, 5b and 5c. For the pBCH(S), a 10 MHz bandwidth was selected. Here, the Physical Resource Block (PRB) level distributed transmission and sub-carrier level distributed (fully scattered) transmissions were studied. As the pBCH(S) consists of different IEs sizes, different code block sizes are also be needed. The study was carried out by selecting code block sizes of 1, 2, 3 and 6 PRBs respectively. Additionally, a comparable sub-carrier level distributed transmission with equal IBL and code block sizes was studied too. PRB level distributed transmission can easily be coordinated with the scheduled PRB allocations of the shared data channel without any performance loss for the shared data channel PRBs. As the sub-carrier level distributed transmission are punctured from the PRB allocations of the shared data channel, there will be a negative performance impact depending on the necessary puncturing ratio to the allocated data resource, see e.g. [8]. In this contribution only the performance of the pBCH(S) channel is shown.
Time diversity is achieved in the way as for the pBCH(S) and the results are shown in Figure 5c. The IBL was selected so that the code block fills the PRB level distributed transmission of three PRBs.
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Figure 5a. Performance of the pBCH(S) as BLER vs. SINR including receive diversity and frequency diversity transmission techniques. Frequency diversity is provided either by the PRB level distributed transmission or by the sub-carrier level distributed transmission, where the order of diversity depends on the length of the studied code-block.
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Figure 5b. Performance of the pBCH(S) as BLER vs. SINR including receive diversity, transmit diversity (2 Tx SFBC) and frequency diversity transmission techniques. Frequency diversity is provided either by the PRB level distributed transmission or by the sub-carrier level distributed transmission, where the order of diversity depends on the length of the studied code-block.
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Figure 5c. Performance of the pBCH(S) as BLER vs. SINR including receive diversity, transmit diversity (2 Tx SFBC), frequency diversity and time diversity transmission techniques. Frequency diversity is provided either by the PRB level distributed transmission or by the sub-carrier level distributed transmission, where the order of diversity depends on the length of the studied code-block. Time diversity is provided either by soft-combining of consecutive code blocks or by providing a longer code-block by repetition coding and interleaving over two transmission instances.

For the pBCH(S), the Tx diversity gains are clear, shifting the selected 1% BLER target point by about 2 dB. Also the frequency diversity gains are clear, when comparing a single PRB transmission to the transmission of several PRBs. The single PRB transmission is over 2 dB worse for a single antenna transmission and nearly 2 dB worse for the dual antenna transmission compared to PRB level distributed transmission of two PRBs. The PRB level distributed transmission already with two PRBs captures most of the frequency diversity, as the PRBs are widely spaced in frequency. This is particularly the case, if other diversity techniques, as transmit diversity, are also included. The gap between the PRB level distributed transmission of two PRBs to three PRBs is about 0.4 dB and to six PRBs about 1 dB. The sub-carrier level distributed transmission seems to perform the best, despite of the selected IBL. However, the difference to the PRB level transmission is well below 2 dB in the case of two PRBs and only fractions of dBs for six PRBs. Yet, one has to remember the negative impacts of the sub-carrier level scattered scheme to the shared data channel and difficulties to adjust to variable lengths of IBL and variable lengths of code blocks.
Despite of the other diversity mechanisms present, time diversity is still able to gain close to 3 dB at 1% BLER. Time diversity added to the PRB level distributed transmission outperforms the sub-carrier level distributed transmissions without time diversity. If proven feasible, transmit diversity techniques may be applicable to the sub-carrier level distributed transmission as well, but as normal the gains from adding more and more diversity becomes smaller and smaller.
The benefits of soft-combining are clear. Soft combining does introduce additional delay, but UEs in good channel conditions are able to decode the BCH code block using the first code block only and will not suffer from additional delay while terminals in difficult channel conditions and low received SINR will need to soft-combine several code-blocks for correct decoding. The repetition coding and interleaving scheme will force all UEs to receive both transmission instances which will increase the decoding delay for all of them. 

In this section the selection of the channel coding rate was done in order to do a relative comparison between the transmission schemes. To be able to decode the system information at an even lower SINR, a lower code rate is needed and this is addressed in Section 3.2.2. Time diversity was shown to improve the performance, but the combined two blocks were a fairly small distance apart in time. The gains may be larger if the code blocks to be combined are spaced further apart in time or if soft-combining more than two blocks was done. For these cases, the soft-combining scheme gives clear advantages over the repetition coding and interleaving scheme.

3.2.2 Performance of the BCH at low SINR

For the reasons mentioned in Section 3.2.1, the analysis of pBCH(P) is repeated for channel conditions for an SINR in the -5 dB region. This lower channel coding rate is necessary for high detection probability. The assumptions are otherwise as given in Table I, but rate 1/8 convolutional code was analysed. The transmission QPSK modulated in (~72) sub-carriers on three consecutive OFDM symbols, which means 450 coded bits containing about 40 information bits (in addition to a 16 bit CRC). The results are shown in Figure 6. Even if rate 1/8 code is applied, a single transmission does not give a 1% BLER at low enough SINR. However, soft-combining consecutive code blocks significantly improves the situation with soft-combining two blocks meeting a 1% BLER at around -4.7 dB while soft-combining two blocks give a 1 % BLER at around -6.5 dB.
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Figure 6. BCH detection performance in extreme conditions at below -5 dB SINR regime.
4. Summary

A possible structure for broadcasting the system information was discussed and proposed. Performance results were shown including various diversity transmission techniques which seem to provide cumulative gains. From the results it may be concluded that transmit diversity is always favorable. Time diversity can nicely compensate for other possibly missing diversity gains, e.g. narrow-band transmission lacking frequency diversity and single antenna transmission lacking transmit diversity, especially for UEs in low SINR condition. Further studies of the BCH performance are needed and the mapping of Information Elements to code blocks needs to be addressed. 
Outline of the BCH solution proposed

The system information is structured into two parts with different transport requirements.

The primary part is transmitted on its own physical channel (pBCH) using a fixed format (to be agreed) on the (~72) sub-carriers of the central 1.25 MHz bandwidth regardless of the actual deployed system bandwidth, once every 10 ms frame. The pBCH code-block allows for frame detection and conveys the primary Information Elements needed to access a cell. Such information includes e.g. the system bandwidth, transmit antenna configuration, Cell Identity,  etc.

The secondary system information is transmitted using a variable format and consists possibly of several code-blocks. These code-blocks are transmitted in a PRB level distributed format, over the full system bandwidth up to the minimum UE bandwidth and with the minimum UE capability bandwidth for any system bandwidth exceeding that. The secondary system information is transmitted on the physical downlink shared channel (pDL-SCH) according to the system information schedule announced in a specific scheduling block called the Master Information Block (MIB).
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Appendix

Results for UE velocity 30 km/h

The study was repeated for a higher UE velocity of 30 km/h and the results are shown in Figure 7 for 1.25 MHz in Fig. 7a and for 10 MHz in Fig. 7b respectively. The results show comparable behavior as in 3 km/h analysis, but the expected time diversity gains are slightly higher with higher UE velocity. This is because of decreased channel correlation between the soft-combining blocks or improved interleaving relative to the channel, as the pBCH transmission instances are near. 
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Figure 7a. Performance of the pBCH(P) as BLER vs. SINR including receive diversity, transmit diversity and time diversity transmission techniques. Frequency diversity is bounded by the choice of all sub-carriers modulated on the 1.25 MHz band.

[image: image9.emf]-8 -6 -4 -2 0 2 4 6

10

-3

10

-2

10

-1

10

0

SINR [dB]

Coded BLER

10 MHz bandwidth; 3GPP TU channel - 30km/h; 1-2Tx

 

 

1Tx

1Tx, scattered

1Tx, soft comb.

1Tx, repetition

2Tx

2Tx, scattered

2Tx, soft comb.

2Tx, repetition


Figure 7b. Performance of the pBCH(S) as BLER vs. SINR including receive diversity, transmit diversity (2 Tx SFBC), frequency diversity and time diversity transmission techniques. Frequency diversity is provided either by the PRB level distributed transmission or by the sub-carrier level distributed transmission, where the order of diversity depends on the length of the studied code-block. Time diversity is provided either by soft-combining of consecutive code blocks or by providing a longer code-block by repetition coding and interleaving over two transmission instances.


































































































































