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1. Introduction

During RAN2 #60bis, RAN2 made further decisions about the transmission of system information communicated to RAN1 in LS [1]. In a nutshell, RAN2 decided:

· No overlap of SU (aka System Information Message: SI-M) (re)transmissions, i.e. retransmissions of different SUs are not interlaced in time.
· SU is transmitted in a concentrated manner in a window; windows of different SUs have equal sizes and are not overlapping in time.
· Single BCCH RNTI is used for transmission of all SUs.
· No segmentation of System Information is performed, given the maximum TB size of 1200 bits.
Furthermore, in [1], RAN2 stated ‘RAN WG1 indicated intentions to continue evaluating number of subframes needed in order to transmit transport block sizes provided in the LS [2]. RAN WG2 would kindly ask that this exercise is performed in the near future’.
In this contribution, we provide simulation results to evaluate the worst case number of transmissions needed for System Information delivery and we outline our views on the consequences of the above RAN2 decisions.
2. Discussion and Simulation Results
The RAN2 agreements imply that in case an SU needs to be retransmitted and soft-combined, the retransmissions are time concentrated in windows of an equal configurable length, an example of such a configuration is shown in Figure 1 inter-window gaps are neglected (at least four SUs/SI-Ms will be supported [3]).
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Figure 1 System Information Scheduling – time consecutive retransmissions.
Figure 3 shows SINR required for 1% BLER versus TB sizes indicated for SUs in [2] assuming consecutive and time diverse (in an 80ms window) SU retransmissions, c.f. examples in Figure 1 and in Figure 2 respectively. Simulation assumptions are outlined in Table 2 in Appendix A. Figure 4 and Figure 5 show the SU-4 BLER in the function of SNR for time consecutive and time sparse retransmission in an 80 ms window respectively.
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Figure 2 System Information Scheduling – time diverse retransmissions.

PDCCH coverage yields a limiting factor in the 1.4 MHz system bandwidth. Indeed, the PDCCH is intended to convey signaling information for the BCCH. Thus, the BCCH coverage should be designed on par with the one of the PDCCH. Simulation studies indicate that PDCCH can operate at 1% BLER at -5dB at most assuming the system bandwidth of 1.4 MHz and 2 Tx SFBC transmit diversity at the eNode-B (given the assumption of 36 bits PDCCH payload).


[image: image3]
Figure 3 Capacity of SU {1, 2, 3} in 1.4 MHz bandwidth; 2 Tx / 2 Rx antennas.
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Figure 4 BLER vs SNR of SU-4 in 1.4 MHz BW; 2 Tx / 2 Rx antennas (time consecutive transmission).
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Figure 5 BLER vs SNR of SU-4 in 1.4 MHz BW; 2 Tx / 2 Rx antennas (time sparse transmission, 80 ms window).

Table 1 summarizes the simulation results and provides estimates on the required number of BCCH transmissions for various system information payloads. One notices readily from the table that time diversity over an 80 ms window leads to at least 25% increase in transmission efficiency. Hence time diversity is very beneficial and should be exploited.
Table 1 Required number of BCCH transmissions for different system information payloads, assuming transmission in consecutive sub-frames or time sparse transmission over 80 ms.

	            Max. number of transmissions
SU type
	PDCCH coverage limited scenario, 1.4 MHz BW

	
	Consecutive sub-frames
	Time sparse transmission in 80 ms

	SU1: up to 350 bits
	4
	3

	SU2, SU3: ~500 bits
	8
	6

	SU4: ~1200 bits
	13
	8


3. Discussion and Conclusion

In this contribution, we evaluated and analyzed the RAN2 decisions regarding System Information transmission. We propose to convey the following information to RAN2:

· The worst case number of BCCH transmissions in case of time consecutive and time spares system information transmission

· Time diversity is beneficial from the system information transmission point of view

· In our view, the reception of multiple SUs in parallel, when feasible from the RAN2 point of view, introduces a manageable UE complexity increase comparing to the serial SU reception

· Furthermore, if retransmissions are confined within an 80 ms window (SU-1’s TTI), the latency increase due to time diversity is moderate
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Appendix A – Simulation Assumptions
Table 2 Simulation assumption for BCCH transmission.

	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

	Channel coding
	Turbo coding at rate 1/3; trellis termination, 12 tail bits; lower effective coding rates achieved through repetition and puncturing

 Low



	SU TB size
	SU-1, SU-2, SU-3: variable; SU-4: 1200 bits

	Number of PRBs for BCCH
	6

	Receive diversity
	2 receive (Rx) antennas

	Detector
	Maximum likelihood

	Transmit diversity
	2 transmit antenna diversity (2 Tx SFBC)

	Time diversity
	Transmission in consecutive sub-frames or time sparse transmissions in 80 ms window

	BCCH symbol mapping
	11 OFDM symbols per sub-frame*, **

*First three OFDM symbols reserved for PDCCH
**Resource elements marked as reference symbols for all 2 Tx  antennas are left unused for BCCH transmission.


Table 3 Minimum G-factor for 98% coverage reliabilities in 3GPP case 1, case 3 and max. PDCCH coverage in 1.4 MHz system bandwidth at 1% BLER.
	98% coverage reliability
	Case 1
	Case 3

	
	-4.63 dB
	-6.32 dB

	PDCCH coverage limit (1% BLER) for 2 Tx SFBC / 2 Rx in 1.4 MHz system bandwidth
	-5 dB






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� Not applicable to SU-1, which contains the scheduling block required to receive subsequent SUs 
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