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1. Introduction 
In RAN1 Ad-Hoc on NB-IoT [1], we agreed the following on NB-PBCH:

On structure:

· In FDD mode, NB-PBCH is transmitted in subframe 0 in every radio frame

· In FDD mode, NB-PBCH does not use the first 3 symbols in a subframe at least in in-band operation

· For stand-alone and guard band operations, in the subframe transmitted NB-PBCH, the first 3 symbols contains no NB-PBCH

· NB-PBCH is rate matched around 4 port LTE CRS location based on PCID from NB-SSS

· It is not precluded the PCID from NB-SSS is different from the LTE PCID

· Note that the PCID from NB-SSS and the LTE PCID indicate the same LTE CRS position

· The time interval where MIB remains unchanged is 640 ms

· NB-PBCH consists of 8 independently decodable blocks of 80 ms duration.
On process:

· NB-PBCH reuses the following functionalities from LTE PBCH:

· CRC generation and attachment.

· Tail biting convolutional encoding.

· Rate matching.

· Scrambling.

· Modulation.

· Layer mapping.

· Precoding

On MIB content

· 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
The following was agreed in terms of transmission schemes:

· There are two NB-IoT downlink transmission schemes defined in all operation modes:

· Single antenna port (port 0)

· Two antenna ports (ports 0 and 1), using transmit diversity, i.e. SFBC

· No NB-IoT transmission mode is defined using any other transmission scheme

· If the number of NB-PBCH antenna port is 1, single-antenna port, otherwise transmit diversity, i.e. SFBC
The following was agreed on NB-RS:

· A NB-RS is used at least for NB-PBCH and that is common among all operation modes

· At least NB-RS is always present and always used for single antenna port and 2 antenna ports transmission schemes

· FFS: Additional utilization of LTE CRS in in-band operation mode

· For NB-PDCCH/NB-PDSCH,

· In-band operation

· NB-RS is present without condition

· Stand-alone and guard-band operations

· Only NB-RS is used

This contribution discusses some consideration on NB-PBCH.
2. Discussion
It was agreed that the NB-PBCH period is 640 ms in which it consists of 8×80 ms blocks.  Each of these 8 NB-PBCH blocks can be decoded independently so that a UE in good coverage can decode NB-PBCH faster than one that is in poor coverage.  The MIB is expected to contain the SFN and the SFN in NB-IoT does not indicate the 6 least significant bits since the MIB contents cannot change within the 640 ms period.  Similar to LTE PBCH, the UE in NB-IoT has to blind decode for these 6 least significant bits of the SFN, which involves determining the position of each NB-PBCH block within the 640 ms NB-PBCH frame.  To differentiate one NB-PBCH block from another within 640 ms frame, it has been proposed that each block is uniquely scrambled [2], [3], [4] and hence this would require at least 8 hypotheses to determine the SFN.
The NB-PBCH can use either a single antenna port or two antenna ports and when the UE first decodes NB-PBCH, it is unaware of the number of AP used.  Hence similar to LTE PBCH, in addition to the location of the NB-PBCH block, the UE needs to blind decode for the number of antenna ports used.  This would double the number of hypotheses from at least 8 to at least 16.  
Observation 1: The number of blind decodes required for NB-PBCH is doubled due to the need to blind decode for the number of APs used in NB-PBCH.

It would be beneficial if the UE does not need to blind decode for the number of AP and one way of doing this is to always assume a fixed number of AP regardless of the number of AP used for other channels (NB-PDCCH & NB-PDSCH).  For example, the UE can always assume that 2 APs are used and if only 1 physical antenna is actually used, the eNB can virtualize 2 AP (AP0 and AP1) to 1 Tx physical antenna as shown in Figure 1.  The UE would still assume SFBC is used but would not benefit from any transmit diversity gain.  The number of RS used would be the same whether one or more physical antennas are used.  Since the UE does not need to attempt decoding of NB-PBCH with hypotheses of 2 AP and 1AP, the number of blind decodes of NB-PBCH is halved.  The number of APs used for other downlink channels, i.e. on NB-PDCCH and NB-PDSCH can be signaled to the UE.
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Figure 1: 2 APs virtualisation to 1 physical antenna
Proposal 1: The number of APs used for NB-PBCH is fixed at 2 APs regardless of the number of physical antenna used at the eNB and the number of APs used for other downlink channels.

In eMTC the RE mapping for PBCH is designed such that it can be used for frequency offset tracking.  Similarly, it would be beneficial if the RE mapping for NB-PBCH enables the UE to use NB-PBCH samples for frequency offset tracking [7].

Proposal 2: RE mapping for NB-PBCH allows it to be used for frequency offset tracking.

In the RAN1 Ad-Hoc NB-IoT, the following information is considered in the MIB:
· SFN

· LTE CRS information

· NB-RS information

· SIB1 scheduling information

· Operation mode

· CFI

· System BW

· FDD/TDD indication

For SFN, the 6 most significant bits are required.  If H-SFN is used, the additional SFN bits can be signaled in the MIB or SIB1.  It is unclear if H-SFN will always be used in NB-IoT and if it is optional, it should not be signaled in the MIB but optionally indicated in SIB1.
Proposal 3: If H-SFN is supported, the additional SFN bits are signaled in SIB1.

Information on the LTE CRS is required for rate matching purposes for other channels (NB-PDCCH & NB-PDSCH) and optionally allows the UE to use LTE CRS as additional RS for channel estimation.  The location of the LTE CRS are known from decoding NB-SSS and the other parameters that are useful are the number of LTE CRS AP and the PRB Index.  It was proposed in [5] that the number of LTE CRS AP used is indicated by using different scrambling on the CRC.  Since this requires the UE to perform blind decoding on the scrambling used on the CRC, we prefer that the number of LTE CRS AP is explicitly signaled in the MIB, which requires 2 bits (1, 2 or 4 APs).  Since it was agreed that standalone & guardband operation uses only NB-RS, LTE CRS is only available for inband operation.  If the 100 kHz step size is used for channel raster, then at most 18 PRBs (in 20 MHz system bandwidth) can be used for NB-IoT [6], which will require 5 bits to signal the PRB index.  The system bandwidth (3 bits) may also need to be indicated since the PRB that can be used for NB-IoT between different system bandwidth may not be the same.  Hence 8 bits may be required to indicate PRB index and therefore the need to utilize LTE CRS should be evaluated. 
Proposal 4: The number of LTE CRS AP is explicitly signaled in the MIB.
Observation 2: 8 bits may be required to signal the PRB index occupied by NB-PBCH.  If NB-RS is sufficient for inband operation then this PRB index does not need to be signaled.

The information that needs to be signaled for NB-RS is the number of APs used for NB-PDCCH & NB-PDSCH since the NB-RS for NB-PCBH is either blind decoded by the UE or fixed at 2 APs.  This would require only 1 bit, which can be explicitly signaled.
Proposal 5: 1 bit is explicitly signaled in MIB to indicate the number of AP used for NB-RS for NB-PDCCH & NB-PDSCH.

In Rel-13 eMTC, the MIB signals SIB1 scheduling information, which consists of the repetition and TBS using 5 bits whilst the subframe is predefined and the PRB and frequency hopping is dependent upon the PCID and system bandwidth.  NB-IoT can employ a similar indication for SIB1 for repetition and TBS consuming 5 bits.  In NB-IoT, if multi-carrier is used, SIB1 can be placed in a PRB different to that for NB-PBCH.  However, multi-carrier NB-IoT may be not be configured or supported (e.g. in standalone operation) and if it is enabled, not all available PRBs are configured.  Some possible options for SIB1 PRB location are:
· Option 1: Introduce an additional indication in MIB to indicate whether multi-carrier NB-IoT is enabled or disabled.  If enabled, all the PRBs that can be used for NB-IoT (e.g. as identified in [6]) are available for NB-IoT.  The SIB1 PRB is therefore a function of the PCID and System Bandwidth as in Rel-13 eMTC. This would require the system bandwidth to be indicated in the MIB.

· Option 2: The SIB1 PRB index is explicitly indicated in the MIB using 7 bits (100 PRBs) and an additional 3 bits to indicate the system bandwidth.
· Option 3: SIB1 and NB-PBCH shares the same PRB.  No indication is required for SIB1 PRB.

Option 1 and Option 2 require additional signaling bits in the MIB to indicate SIB1 PRB.  Within a PRB, sufficient resources are available to carry the NB-PBCH and SIB1 and hence we do not see a strong motivation in Rel-13 NB-IoT to use different PRBs for SIB1 and NB-PBCH.  Furthermore in single-carrier NB-IoT operation SIB1 needs to share the same PRB with NB-PBCH.  Hence we prefer Option 3, i.e. SIB1 and NB-PBCH shares the same PRB.

Proposal 6: 5 bits are used to indicate SIB1 repetition and TBS.  The subframe used for SIB1 is fixed in the specifications.  SIB1 and NB-PBCH share the same PRB.

Since in standalone and guardband mode only NB-RS is used, the REs occupied by LTE CRS (in inband operation) can be used for NB-IoT.  Furthermore all symbols are available for standalone and guardband operations.  The REs available for NB-IoT for standalone and guardband are the same and hence it is sufficient to indicate whether the operation is inband or not inband (i.e. standalone/guardband).  A separate bit can be used for this indication or it can be joint coded with the number of LTE CRS AP or the CFI.  We prefer that the operational mode is joint coded. 
Proposal 7: Operational mode indicate whether NB-IoT is operating in inband mode or not in inband mode.  Operational mode can be joint coded with the number of LTE CRS AP or CFI.

Indicating the CFI in the MIB allows SIB1 to utilize more OFDM symbols if the LTE control region consumes less than 3 OFDM symbols.  2 bits are required to indicate the CFI (0, 1, 2 or 3 OFDM symbols) and it can be joint coded with the operational mode.
Proposal 8: 2 bits are used to indicate the CFI.  
The system bandwidth is required if the PRB occupied by NB-PBCH needs to be indicated.  Otherwise system bandwidth is not required.

Proposal 9: The need to indicate system bandwidth depends on the need to indicate the index of the NB-PCH PRB.

If the subframe used for SIB1 is different in FDD and TDD, then it is useful to indicate whether the eNB is operating in FDD or TDD mode.  If both FDD and TDD mode use the same subframe (e.g. subframe 5), then there is no need to indicate this in the MIB, instead it can be indicated in SIB1.  Since TDD is not supported in Rel-13, this field is always set to FDD in Release-13.
Proposal 10: For Rel-13 NB-IoT, one bit indicates whether TDD or FDD mode is used and it is always set to FDD.
The bits required for each field in the MIB is summarized in Table 1.  Here there are two cases, i.e. Case 1 where NB-PBCH PRB index is indicated and Case 2 where NB-PBCH PRB index is not indicated.

Table 1: MIB Contents

	Fields
	Case 1 (bits)
	Case 2 (bits)

	SFN
	6
	6

	LTE CRS Information
	2 (number of AP) + 5 (PRB Index)
	2 (number of AP)

	NB-RS AP
	1
	1

	SIB1 Scheduling Info
	5
	5

	Operational Mode
	0 (joint coded with CFI or LTE CRS)
	0 (joint coded with CFI or LTE CRS)

	CFI
	2
	2

	System Bandwidth
	3
	0

	FDD/TDD indication
	1
	1

	Total
	25
	17


3. Conclusion

In this contribution we discuss some considerations for NB-PBCH.  We have the following observations:
Observation 1: The number of blind decodes required for NB-PBCH is doubled due to the need to blind decode for the number of APs used in NB-PBCH.
Observation 2: 8 bits may be required to signal the PRB index occupied by NB-PBCH.  If NB-RS is sufficient for inband operation then this PRB index does not need to be signaled.
We propose the following:

Proposal 1: The number of APs used for NB-PBCH is fixed at 2 APs regardless of the number of physical antenna used at the eNB and the number of APs used for other downlink channels.
Proposal 2: RE mapping for NB-PBCH allows it to be used for frequency offset tracking.
Proposal 3: If H-SFN is supported, the additional SFN bits are signaled in SIB1.
Proposal 4: The number of LTE CRS AP is explicitly signaled in the MIB.
Proposal 5: 1 bit is explicitly signaled in MIB to indicate the number of AP used for NB-RS for NB-PDCCH & NB-PDSCH.

Proposal 6: 5 bits are used to indicate SIB1 repetition and TBS.  The subframe used for SIB1 is fixed in the specifications.  SIB1 and NB-PBCH share the same PRB.
Proposal 7: Operational mode indicate whether NB-IoT is operating in inband mode or not in inband mode.  Operational mode can be joint coded with the number of LTE CRS AP or CFI.

Proposal 8: 2 bits are used to indicate the CFI.  

Proposal 9: The need to indicate system bandwidth depends on the need to indicate the index of the NB-PCH PRB.

Proposal 10: For Rel-13 NB-IoT, one bit indicates whether TDD or FDD mode is used and it is always set to FDD.
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