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1 Introduction

In RAN WG1 meeting #84, the following agreement for NB-SIB1 was made 
Agreement:
· 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 

It was also agreed to have 4 bits of NB-SIB1 scheduling information in NB-MIB.
In the follow-up email discussion, further agreements and a WA were reached as

Agreements:

· 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.

An LS informing the new agreements/WA was sent to RAN2 in [1].

In this contribution, remaining issues for NB-SIB1 design are addressed. The transmissions of the other SIs are also considered and proposals are provided.
2 NB-SIB1 transmission
The agreements so far leave open the question of which is the first radio frame for NB-SIB1 transmission.

Interference randomization should be designed for NB-SIB1 transmission. In eMTC, this is supported by SIB1bis transmission in both frequency domain and time domain. For NB-IoT, NB-SIB1 transmission cannot be randomized in frequency domain due to the absence of frequency hopping (at least in Release 13) and the exclusion of sub-PRB allocation. Therefore, we should have time domain randomization instead. Similar to eMTC, the time location of NB-SIB1 could be implicitly associated with PCID to save extra signaling overhead.
Proposal 1: The time location of NB-SIB1 is determined by the PCID given a certain number of repetitions within the NB-SIB1 period. 

It has been agreed that a NB-SIB1 transport block is transmitted every other radio frame within 16 contiguous radio frames and different numbers of repetition are supported within the 2.56s periodicity of NB-SIB1 transmission. As a result, there would be two levels of time-domain shift that can be applied to the NB-SIB1 transmission according to PCID.
· Level 1: repetition level time shift within the NB-SIB1 period (2.56s). Each repetition (the whole block of contiguous 16 radio frames) shifts according to the PCID as shown in Figure 1 for four repetitions.
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Figure 1. Repetition-level time shift 

· Level 2: radio frame level time shift within the repetition (contiguous 16 radio frames). Transmissions of NB-SIB1 are staggered between the odd and even radio frames according to PCID as shown in Figure 2.
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Figure 2. Frame-level time shift
Using level-1 or level-2 time shift alone can provide limited randomness to the NB-SIB1 transmission. Particularly for 16 repetitions in the NB-SIB1 period (i.e. RNB-SIB1=16), only level-2 time shift is feasible. To enjoy the benefit of more randomness, it is recommended to use level-1 and level-2 time shifts for NB-SIB1 transmission in a combined/hybrid way. 
Based on different combinations of level-1 time shift and level-2 time shift, the following three alternatives could be possible.
Alt-1:   
· For RNB-SIB1=4 and RNB-SIB1=8, level-1 shift is applied. 
· For RNB-SIB1=16, level-2 shift is applied.
Table 1 demonstrates the exact mapping patterns based on Alt-1.

Table 1 Alt-1 NB-SIB1 mapping pattern
	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	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


Alt-2: 
· For RNB-SIB1=4 and RNB-SIB1=8, level-1 shift and level-2 shift are simultaneously applied for the same cell. 
· For RNB-SIB1=16, level-2 shift is applied.

Table 2 demonstrates the exact mapping patterns based on Alt-2.

Table 2. Alt-2 NB-SIB1 mapping pattern
	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	4
	PCID mod 4 = 0
	SFN mod 256 = 0

	
	PCID mod 4 = 1
	SFN mod 256 = 17

	
	PCID mod 4 = 2
	SFN mod 256 = 32

	
	PCID mod 4 = 3
	SFN mod 256 = 49

	8
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 17

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


Alt-3:
· For RNB-SIB1=4 and RNB-SIB1=8, level-1 shift and level-2 shift are applied for different cells . 
· For RNB-SIB1=16, level-2 shift is applied

Table 3 demonstrates the exact mapping patterns based on Alt-3.

Table 3. Alt-3 NB-SIB1 mapping pattern
	RNB-SIB1
	PCID
	Starting radio frame number for NB-SIB1 repetitions

	4
	PCID mod 8 = 0
	SFN mod 256 = 0

	
	PCID mod 8 = 1
	SFN mod 256 = 1

	
	PCID mod 8 = 2
	SFN mod 256 = 16

	
	PCID mod 8 = 3
	SFN mod 256 = 17

	
	PCID mod 8 = 4
	SFN mod 256 = 32

	
	PCID mod 8 = 5
	SFN mod 256 = 33

	
	PCID mod 8 = 6
	SFN mod 256 = 48

	
	PCID mod 8 = 7
	SFN mod 256 = 49

	8
	PCID mod 4 = 0
	SFN mod 256 = 0

	
	PCID mod 4 = 1
	SFN mod 256 = 1

	
	PCID mod 4 = 2
	SFN mod 256 = 16

	
	PCID mod 4 = 3
	SFN mod 256 = 17

	16
	PCID mod 2 = 0
	SFN mod 256 = 0

	
	PCID mod 2 = 1
	SFN mod 256 = 1


Considering the lack of frequency domain randomness, more patterns of NB-SIB1 transmissions in time domain should be supported so that the inter-cell randomness is maximized. Alt 3 is therefore preferred due to the more available patterns in time domain.
Proposal 2: The starting frame number for NB-SIB1repetitions in the NB-SIB1 period is obtained according to Table 3. 
Since it was agreed that 4 bits in NB-MIB are used to indicate the NB-SIB1 scheduling information, we can use a similar table of scheduling values as designed for eMTC to indicate TBS and RNB-SIB1 shown below. The exact TBS values can be left to RAN2 to choose and code directly into the ASN.1 after RAN1 has decided the NB-PDSCH TBS table. 

Table 4. NB-SIB1 scheduling information

	value 
	NB-SIB1 TBS 
	RNB-SIB1

	0
	No NB-SIB1 transmission

	1
	208
	4

	2
	208
	8

	3
	208
	16

	4
	328
	4

	5
	328
	8

	6
	328
	16

	7
	552
	4

	8
	552
	8

	9
	552
	16

	10 - 15
	Reserved


Proposal 3: 3 different values of TBS are supported for NB-SIB1 transmission, and NB-MIB indicates the TBS and RNB-SIB1 of NB-SIB1 according to Table 4.
3 Other SI transmissions

The TBS of other SIs would be similar to that of NB-SIB1 and should be also restricted by the maximum TBS defined for NB-PDSCH (i.e. up to 680bits), thus other SI blocks are expected to be also transmitted across multiple subframes. The number of subframes to transmit the same TB of a SI other than NB-SIB1 can be fixed to 8 subframes as well for simplification.

Proposal 4: 8 subframes are used to transmit the TB of each SI other than NB-SIB1.
Due to the lack of the knowledge of invalid subframe information, the NB-SIB1 transmission is restricted to subframe #4 in every other radio frames within 16 contiguous radio frames.  Such restrictions may not be needed for other SI transmissions if these SI transmissions could be configured by NB-SIB1. It is also possible to increase the density of the other SI transmissions compared to NB-SIB1 if more subframes within a radio frame are available for the SI transmission.
In particular, the time locations for the other SI transmissions within a repetition period could be determined by the following fields:
· Number of frames for the transmission of the same TB.
· Frame offset to indicate the first occupied frame within the continuous frames.

· Specific subframe(s) within one occupied frame.

Similar to eMTC, SI window, in terms of a certain number of contiguous radio frames, has been agreed to be introduced by RAN2 for NB-IoT. Thus, the time locations of the repetitions of the SI other than NB-SIB1 could be defined relative to the start of the SI window as:
· Frame offset to indicate the first occupied radio frame within SI window.
· Number of repetitions per SI window.
· Time interval between adjacent repetitions.
To support more flexible transmission for these SIs, it is preferable to indicate above parameters in NB-SIB1 rather than predefined in spec. To expedite the standardization progress, possible values of TBS for the other SI transmissons can be derived by RAN1 to provide guidance for RAN2. The possible values of TBS for SIs can be selected from those for NB-PDSCH. According to our companion contribution [2] and proposal 3, the proposed values could be {208, 328, 552}.
Proposal 5: NB-SIB1 indicates the specific frames and subframe(s) location, number of repetitions per SI window and time interval between adjacent repetitions for other SIs. 
Proposal 6:  TBS values for SIs are {208, 328, 552}.

4 Conclusions
In this contribution, remaining issues for NB-SIB1 and other SIs of NB-IoT are discussed, and the following proposals are given.
Proposal 1: The time location of NB-SIB1 is determined by the PCID given a certain number of repetitions within the NB-SIB1 period. 

Proposal 2: The starting frame number for NB-SIB1repetitions in the NB-SIB1 period is obtained according to Table 3.  

Proposal 3: 3 different values of TBS are supported for NB-SIB1 transmission, and NB-MIB indicates the TBS and RNB-SIB1 of NB-SIB1 according to Table 4.
Proposal 4: 8 subframes are used to transmit the TB of each SI other than NB-SIB1.
Proposal 5: NB-SIB1 indicates the specific frames and subframe(s) location, number of repetitions per SI window and time interval between adjacent repetitions for other SIs. 

Proposal 6:  TBS values for SIs are {208, 328, 552}.
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