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1
Introduction
In RAN1 #83, the followings have been agreed for NB-IoT [1]:
Agreement:

· Master information broadcast and system information broadcast are supported for NB-IoT
· Master information broadcast is carried by a first physical channel 
· The first physical channel has no accompanying control channel
· System information broadcast is carried by a second physical channel 
· FFS how the UE determines the time/frequency resources for the second physical channel carrying the system information broadcast 
· Working assumption: TBCC as in LTE is used for NB-IoT all downlink channels
· The max TBS size for NB-IoT in DL is no less than 520bits
· CP length for DL:
· Alt-1: Normal CP only
· Alt-2: Both normal CP and extended CP are supported
· Down selection between Alt-1 and Alt-2 until next meeting
RAN2 has made the following agreements:

-
MIB has a fixed size and fixed resource mapping and contains information required to acquire the rest of the system information. The size and resource mapping depend on the physical layer design;

-
System information other than that contained in MIB is grouped into different SIBs (SIB1, SIB2, etc);

-
Different SIBs can be scheduled with different periodicity;

-
The periodicity of SIB1 can be fixed while periodicity of other SIBs can be indicated in SIB1;

-
A variable SIB size should be supported. RAN1 should provide input on (1) the maximum TB size for broadcast transmission and (2) whether the TB size for broadcast transmission is variable or fixed;

-
System information scheduling is PDCCH-less, i.e. parameters (e.g. time/frequency location and MCS/TBS) are fixed or indicated with scheduling information in MIB or SIB1, instead of dynamically indicated on PDCCH (this need RAN1 confirmation);

In this contribution, we discuss on the design considerations for NB-PBCH.
2
Design Considerations
NB-IoT should support three different modes of operation [2]:
· ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.

· ‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

· ‘In-band operation’ utilizing resource blocks within a normal LTE carrier

Due to the coexistence with legacy signals in in-band operation, an NB-IoT UE needs to know the mode of operation used in the cell to avoid collisions. However, the optimization of NB-PBCH according to the mode of operation may result in significantly increased NB-Sync blind detection complexity and acquisition time. Thus, a common design of NB-Sync and NB-PBCH for all modes of operation seems to be a proper approach for NB-IoT.
Proposal-1: a common design for NB-PBCH is used for all modes of operation
The number of narrowbands for NB-IoT and system bandwidth are unknown when an NB-IoT UE finishes synchronization process. Therefore, NB-PBCH should use the same frequency location as NB-Sync irrespective of the mode of operation. However, the time location can be determined based on physical cell-ID to randomize inter-cell interference. 
Proposal-2: NB-PBCH is transmitted in the same frequency location of NB-Sync and the time location is determined based on physical cell-ID
The NB-MIB can carry necessary system information for the subsequent downlink signal reception such as system bandwidth, mode of operation, system frame number, number of narrowbands used, and/or partial scheduling information of NB-SIB. As similar to SIB1bis for eMTC, the NB-SIB1 can be transmitted without an associated downlink control channel to reduce the acquisition time and necessary scheduling information (e.g. TBS and periodicity) can be informed via NB-MIB. In order to randomize the inter-cell interference for NB-SIB1, the frequency hopping based on physical cell-ID can be used as SIB1bis transmission. 

Proposal-3: mode of operation, SFN, system bandwidth, and scheduling information of NB-SIB1 are indicated in NB-MIB
Proposal-4: frequency hopping based on PCID is used for NB-SIB1 transmission
It has been agreed that the NB-PBCH should be decodable without knowledge of the legacy PRB index, which implies that the CRS cannot be used for NB-PBCH demodulation unless blind decoding of NB-PBCH is used. Therefore, a new reference signal which is independent from the CRS should be used for NB-PBCH transmission. For example, demodulation reference signal specifically designed for NB-PBCH can be used.
Proposal-5: DM-RS based transmission is used
3
Conclusion
In this contribution, we discussed on considerations on the NB-PBCH design. From the discussions, we propose followings: 
Proposal-1: a common design for NB-PBCH is used for all modes of operation

Proposal-2: NB-PBCH is transmitted in the same frequency location of NB-Sync and the time location is determined based on physical cell-ID
Proposal-3: mode of operation, SFN, system bandwidth, and scheduling information of NB-SIB1 are indicated in NB-MIB
Proposal-4: frequency hopping based on PCID is used for NB-SIB1 transmission
Proposal-5: DM-RS based transmission is used
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