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1. Introduction

During RAN2 #62, some aspects of system information scheduling were discussed. As a result, an LS to RAN1 was sent [1]. In this contribution, we outline our views and provide answers to the questions from the RAN2 LS. The text and questions quoted from the LS are marked in blue.

2. Discussion
The RAN2 decisions regarding SIB-1 transmission are as follows:

· SIB1 is transmitted as a stand alone message on DL-SCH, i.e., SIB1 is not mapped to any SI message;

· SIB1 is sent in subframe #5 of every even radio frame (i.e., SFN mod 2 = 0);

· SI messages carrying other SIBs cannot be transmitted on subframe #5 of even radio frames;

· SI messages carrying other SIBs can be transmitted on subframe #5 of odd radio frames (i.e., SFN mod 2 = 1).

Question 1
RAN2 kindly asks RAN1 to take into account the above assumptions and provide any feedback on the maximum size of SIB1 that can be transmitted with these assumptions, if any different from the values indicated in the LS received from RAN1 in R2-080473/R1-075102.

Answer/comment
In LS [2], RAN1 indicated that 3-4 transmissions are required to convey 350 bits of SIB1. The evaluation was based on the worst case BW of 1.4 MHz and assumed a balanced coverage of PDCCH and PDSCH with 3 and 11 OFDM symbols per subframe respectively and with transmit diversity [3].
In the following we present updated SIB1 capacity results taking into account the following recent decisions:

· Improved PDCCH coverage due to the possibility to use 4 OFDM symbols in the lowest system BWs.
· Time diverse allocation of SIB1 in sub-frame #5 of even radio frames. Four PDCCH symbols are assumed for PDCCH and P- & S-SCH are also taken into account, which leaves a total of 8 OFDM symbols for SIB1 transmission over PDSCH (assuming normal CP length).
Simulation assumptions are listed in Table 2 in Appendix A. Figure 1 shows PDCCH simulation results (block error rate) for DCI Format 1C (26 bit payload including CRC). The 1% BLER point is located around -5.5 dB assuming 4 OFDM symbols for PDCCH together with 2 Tx SFBC transmission and 1.7 dB power boosting (equivalent to using 6 CCEs). This defines the maximum coverage for PDCCH Format 1C in 1.4 MHz system bandwidth. 
Figure 2 shows PDSCH capacity results assuming BCCH transmission in sub-frame #5 of even radio frames, and 1, 2 or 4 time-sparse transmissions over 80 ms TTI. BCCH coverage should be designed on par with the one of Format 1C over PDCCH: 1% BLER should then be set as target for BCCH at -5.5 dB SNR.
On the basis of these results, we can conclude that up to 320 bits can be transmitted over BCCH in sub-frame #5, requiring 4 transmissions over 80 ms TTI (i.e. 4 repetitions every 20 ms). These findings are summarized in Table 1. Naturally, 4 transmissions for SIB1 may not be necessary for higher system bandwidths in order to achieve cell-level coverage: fewer transmissions could then be used or more information bits could be conveyed by these 4 transmissions.
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Figure 1 Format 1C (26 bit payload) BLER performance assuming 1.4 MHz bandwidth and 4 OFDM symbols reserved for PDCCH. 1 Tx and 2 SFBC transmission, aggregation level of 4 (144 RE in total), with and without 1.7 dB power boost.
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Figure 2 SIB1 TB size in sub-frame #5, assuming 1-4 transmissions in 80 ms TTI. 1 Tx and 2 SFBC transmission.
Table 1 SIB1 capacity assuming 1, 2 or 4 transmissions in sub-frame #5 of even radio frames; 1.4 MHz system bandwidth, 2 Tx SFBC transmission and PDCCH power boost of 1.7 dB.
	SINR required for PDDCH 1% BLER (Format 1C, 26 bits) 
	-5.5 dB

	SIB1 TB size [bits]
	1 transmission in 80 ms TTI
	< 30 bits

	
	2 transmissions in 80 ms TTI
	130 bits

	
	4 transmissions in 80 ms TTI
	310 bits


3. Conclusion

In this contribution, we provided answers to the questions raised in the RAN2 LS on system information scheduling [1]. The results presented in this document indicated that:

· SIB1 capacity amounts to a maximum of 310 bits assuming a total of 4 transmissions in sub-frame #5 of each even radio-frame considering the worst case scenario of 1.4 MHz system bandwidth.
We propose to take into account the above answers and results when responding to RAN2.
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Appendix A – Simulation Assumptions
Table 2 Simulation assumptions for PDCCH Format 1C and BCCH transmission over PDSCH.
	Parameter
	Value/Comment

	Transmission bandwidth
	1.4 MHz

	IFFT size
	128

	Number of used sub-carriers
	72

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	1.080 MHz

	Sub-frame length
	1 ms (14 OFDM symbols, normal cyclic prefix)

	Modulation
	QPSK

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	Channel estimation
	Real 2D estimator over 1 sub-frame RS

	Physical resource block bandwidth
	12 sub-carriers, 180 kHz

	PDCCH parameters
	4 OFDM symbols reserved for PDCCH
CCE size: 36 RE; Aggregation level: 4

Power boosting: {0, 1.7} dB

	Channel coding
	PDCCH: Tail-biting convolutional code with circular buffer rate matching.

BCCH: Turbo coding at rate 1/3; trellis termination, 12 tail bits; circular buffer rate matching.

puncturing.

	SIB1 TB size
	TB size varied in simulation between 36-384 bits (+ 24-bit CRC)

	PDCCH format 1C payload
	26 bits (including 16-bit CRC) 

	Number of PRBs for BCCH
	6

	Receive diversity
	2 receive (Rx) antennas

	Detector
	MRC

	Transmit diversity
	1) 1 transmit antenna (1 Tx) 

2) 2 transmit antenna diversity (2 Tx SFBC)

	Time diversity
	1, 2 or 4 time sparse transmissions in 80 ms window

	BCCH symbol mapping
	8 OFDM symbols per sub-frame #5*, **

*First four OFDM symbols reserved for PDCCH
**2 OFDM symbols occupied by PSS and SSS not used.






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































