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1 Introduction
It was agreed in RAN1 NB-IoT Adhoc meeting [1] that

--------------------------------------------------------------------------------------------------------

From RAN1 point of views, NB-MIB can be 34-bit payload and has a 16-bit CRC

NB-MIB includes at least

· SFN

· FFS: Detailed information

· FFS on LTE CRS information

· FFS on NB-RS information

· SIB1 scheduling information

· Operation mode

· FFS: Details at least including explicit or implicit signaling

· FFS on CFI

· FFS on system BW

· FFS on FDD/TDD indication

--------------------------------------------------------------------------------------------------------
In this contribution, we share our view on further details on MIB content.
2 Discussion on MIB content
Some MIB contents are discussed in this section.
SFN

NB-IoT reuses LTE frame definition, and therefore SFN takes 10bits and ranges from 0 to 1023. It is agreed that “the time interval where MIB remains unchanged is 640ms”, so by NB-PBCH decoding, 6 LSB bits of SFN can be implied. Only 4 MSB bits are necessary to be signaled in MIB.

Proposal #1: 4 MSB bits of SFN are signaled in MIB

Hyper frame is introduced due to eDRX and it is signaled in SIB1. 10bits of hyperSFN are defined. Due to low activity of NB-IoT application, eDRX shall also be used by NB-IoT. To insert 10bits of hyperSFN into MIB seems too much overhead in MIB. It seems few bits of hyperSFN can be considered to put in MIB. 

Proposal #2: FFS number of bits of hyperSFN to be signaled in MIB
Information on LTE CRS port
It was agreed in RAN1 NB-IoT Adhoc meeting [1] that LTE CRS (if present) is rate matched for NB-PDCCH (shall be also for NB-PDSCH), so LTE CRS port information is necessary for In-band deployment or for Guard-band deployment with additional In-band PRB. For correct rate matching and RE mapping, LTE CRS port number and position are necessary.
One may wonder if LTE CRS port is necessary for Guard-band deployment mode since there is not always deployed with additional in-band PRB for NB-IoT. However, multiple PRB operation is highly demanded for both In-band and Guard-band deployment. It is very possible that information of LTE CRS port is required.

Two bits are enough for port number indication as shown in below Table 1
Table 1 : LTE CRS port indication
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In addition, it was agreed in RAN1 NB-IoT Adhoc meeting [1] that

· Note that the PCID from NB-SSS and the LTE PCID indicate the same LTE CRS position
the position (v_shift) of LTE-CRS can also be derived without further bit defined in MIB.
Proposal #3: Two bits are used to indicate number of LTE CRS port. 00,01,10,11 represent 0,1,2,4 port LTE CRS, respectively. In addition, 00 implies Stand-alone deployment, and others implies In-band/Guard-band deployment.
PRB index of LTE and system BW of LTE
Due to the frequency offset between NB-IoT PRB center frequency and 100kHz raster grid, it is better to know which PRB is used for NB-IoT deployment for In-band scenario. Although PRB index of LTE is not applicable to Guard-band deployment, it can be used to inform how NB-IoT is deployed in Guard-band. From R1-160156 [2], by restricting PRB candidates for In-band scenario, the frequency offset between NB-IoT PRB center frequency and 100kHz raster grid could be limited to +-7.5kHz or +-2.5kHz. With such mechanism, there are 18 PRB candidates for LTE 20MHz, and fewer PRB candidates for smaller LTE BW. 16 PRBs out of 18 PRBs may be specified so that only 4 bits rather than 5 bits are necessary. These 4 bits may also be used to indicate the deployment of Guard-band scenario. To avoid confusion, system BW of LTE is also indicated. 

Additional advantage to know PRB index for In-band scenario is that NB-IoT device may use LTE CRS for performance improvement. 
Table 2 : LTE BW indication
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Table 3 : PRB index indication
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One may wonder if frequency offset due to raster issue has to be informed in NB-SSS so that NB-PBCH decoding does not suffer SFO resulting from the over-compensation of +-7.5k/+-2.5kHz. However, NB-PSS can still be used to track timing so that little SFO is not an issue when decoding NB-PBCH. It is preferred not to signal information other than PCID since the decoding complexity of NB-SSS is huge.
Proposal #4: Three bits are used for information of LTE system bandwidth.
Proposal #5: At most four bits are used for PRB index indication.
Operation mode indication

If LTE CRS port indication = “00”, it implies Stand-alone deployment mode. If LTE CRS port indication != “00”, it implies In-band or Guard-band deployment mode. One extra bit is necessary to differentiate In-band/Guard-band deployment.

Proposal #6: One extra bit is used to differentiate In-band/Guard-band deployment.
Information on NB-RS
It is preferred to have a common NB-RS generation mechanism. NB-RS sequence generation may depend on SFN. Position of NB-RS may be related to v_shift, similar to LTE CRS. However, v_shift can be obtained from NB-SSS. To sum up, no additional NB-RS information is required in MIB. 
Proposal #7: No additional NB-RS information is required in MIB.

Some parameters of MIB are discussed. Table 4 provides the estimate of bit number for MIB content.

Table 4 : bit number estimate of MIB content
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3 Ordering of MIB content
If encoded bits of TBCC are the same, it is quite simple to perform across TTI decoding of NB-PBCH for the identical part rather than do modify TBCC decoding core. Soft values of these identical part can be summed up together in the soft buffer before TBCC decoding. The order of MIB content may influence the number of combined bits. As shown in Figure 1, if all infrequently changing bits are collected together, “max{(X-6)*3,0}” bits can be easily combined. However, if infrequently changing bits are not put together, for example they are partitioned into two groups as shown in Figure 1, “max{(Xa-6)*3,0}+max{(Xb-6)*3,0}” bits can be combined. It is noted that

                   max{(X-6)*3,0} >= max{(Xa-6)*3,0} + max{(Xb-6)*3,0},

therefore, it is preferred that all infrequently changing bits are arranged together.

Observation #1: If infrequently changing bits of MIB are arranged together, more encoded bits can be easily combined.
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Figure 1. Observation on different arrangement of MIB
From [3], it is shown the acquisition improvement could be 1x% or more depending on bits number of infrequently changing bits.
Proposal #8: Suggest RAN2 to consider to arrange infrequently changing bits of MIB together, i.e. at least to arrange SFN in the end or in the beginning of MIB content.

4 Conclusion
In this contribution, we share our view on further details on MIB content, and have the below proposals.
Proposal #1: 4 MSB bits of SFN are signaled in MIB

Proposal #2: FFS number of bits of hyperSFN to be signaled in MIB
Proposal #3: Two bits are used to indicate number of LTE CRS port. 00,01,10,11 represent 0,1,2,4 port LTE CRS, respectively. In addition, 00 implies Stand-alone deployment, and others implies In-band/Guard-band deployment.
Proposal #4: Three bits are used for information of LTE system bandwidth.
Proposal #5: At most four bits are used for PRB index indication.
Proposal #6: One extra bit is used to differentiate In-band/Guard-band deployment.
Proposal #7: No additional NB-RS information is required in MIB.
Proposal #8: Suggest RAN2 to consider to arrange infrequently changing bits of MIB together, i.e. at least to arrange SFN in the end or in the beginning of MIB content.
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