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1
Introduction
In RAN1#84, it was agreed that –

· 4 bits are used to indicate NB-SIB1 scheduling information in NB-MIB
· NB-MIB indicates the TBS of NB-SIB1, where the number of different TB sizes for NB-SIB1 transmission is 4
· The same TB for NB-SIB1 is transmitted over 8 subframes

· NB-SIB1 is transmitted in one subframe of every other frame in 16 continuous frames

· Period of NB-SIB1 is not more than 512 radio frames, and choose one of the following alternatives:

· Alt 1. 256 radio frames, with repetitions {4,8,16}

· Alt 2. 512 radio frames, with repetitions {8, 16, 32}

· The subframes which are used are fixed in specification

· The repetitions of NB-SIB1 are equally spaced in time during the period of NB-SIB1

· The NB-SIB1 modification period is FFS (revisit later this week)
In a subsequent email discussion, it was further agreed that –

· Subframe #4 is used for NB-SIB1 transmission within each radio frame transmitting NB-SIB1.

· The period of NB-SIB1 is 256 radio frames, with repetitions {4,8,16}
· Working assumption: The NB-SIB1 modification period is 40.96s. 
In this contribution, we consider remaining issues for NB-SIB1 transmission and also provide some performance evaluation results.
2
NB-SIB1 Transmission
NB-SIB1 is transmitted over 8 subframes, with one transmission in one subframe of every other radio frame (i.e. in 16 continuous radio frames). The period is 256 radio frames and the maximum number of repetitions 16. This means that, within the period of 256 radio frames, a maximum of 128 subframes can be used to transmit NB-SIB1. The working assumption is that NB-SIB1 modification period is 40.96 seconds. This means that the UE would be able to combine up to 2048 transmissions of NB-SIB1. Figure 1 shows the performance of SIB1 for the transport block sizes of 328 and 680 bits in in-band operation. Performance is evaluated using in-band operation at 164dB MCL (SNR = -12.6dB) since this is the worst case of all the operation modes.
Figure 1 shows that it is feasible for the UE to decode NB-SIB1 at -12.6dB using 256 transmission for TBS=328 bits and 512 transmissions for TBS=680 bits. In this case, the UE may be able to decode NB-SIB1 of size 680 bits within 10.24 seconds. However, this result does not take UE implementation margin into consideration. In addition, to reduce overhead, the network may want use smaller number of repetitions such as 4 or 8. For instance, if the network uses 8 repetition, then NB-SIB1 overhead can be reduced to 2.5% at the expense of longer acquisition time for UEs in poor coverage. Thus, a long modification period should be supported and therefore it is proposed to confirm the working assumption that the NB-SIB1 modification period is 40.96 seconds.
Proposal 1: Confirm the working assumption that the NB-SIB1 modification period is 40.96 seconds.
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Figure 1. Performance of NB-SIB1 for in-band operation, TBS of 328 and 680 bits.
It has been agreed that the number of different TB sizes for NB-SIB1 transmission is 4. In eMTC, the following transport block sizes are supported for SI messages - 152, 208, 256, 328, 408, 504, 600, 712, 808, 936. For SIB1-BR, the supported transport block sizes are 208, 256, 328, 504, 712, 936. It is expected that the size of NB-SIB1 would be similar to SIB1-BR. However, for NB-IoT, the maximum TBS for NB-PDSCH is 680 bits. Therefore, it is proposed that the following TB sizes are supported for NB-SIB1 208, 328, 504, 680. This provide four values with similar increase in size from one value to the other.
Proposal 2: Supported NB-SIB1 transport block sizes are 208, 328, 488, and 680.
It has been agreed to use subframe #4 for NB-SIB1 transmission within each radio frame transmitting NB-SIB1. To provide inter-cell interference randomization, different radio frames can be used based on the PCID. The randomization pattern depends on the number of repetitions used. For RNB-SIB1=16, only odd/even radio frame differentiation can be used since there would be NB-SIB1 transmission every 20ms. For RNB-SIB1=4 and 8, differentiation must be done per block of 16 contiguous subframes. Within each block, further randomization is possible but it is not clear if there are significant benefits in doing so. Therefore, it is proposed that the starting radio frame is selected based on PCID and number of repetitions as shown in Table 1.
Proposal 3: The starting radio frame for NB-SIB1 is selected based on PCID and number of repetitions as shown in Table 1.
Table 1. Starting radio frame for NB-SIB1.
	RNB-SIB1
	PCID
	NB-SIB1 starting radio frame

	4
	PCID mod 4 = 0
	SFN mod 256 = 0

	
	PCID mod 4 = 1
	SFN mod 256 = 16

	
	PCID mod 4 = 2
	SFN mod 256 = 32

	
	PCID mod 4 = 3
	SFN mod 256 = 48

	8
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 16

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


3
Conclusion
In this contribution, we consider NB-SIB1 transmission for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: Confirm the working assumption that the NB-SIB1 modification period is 40.96 seconds.
Proposal 2: Supported NB-SIB1 transport block sizes are 208, 328, 488, and 680.
Proposal 3: The starting radio frame for NB-SIB1 is selected based on PCID and number of repetitions as shown in Table 1.
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