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1. Introduction

    In RAN1#82bis meeting, the following design principles were agreed for synchronization signal:

Agreements:

· The synchronization signals of NB-IoT consist of primary synchronization signal (PSS) and secondary synchronization signal (SSS). 
· NB-IoT PSS/SSS do not use at least:

· the LTE PDCCH control region 
· FFS: number of symbols of the control region

· REs used by LTE CRS

· The following mechanisms may be considered: 
· NB-IoT PSS/SSS are punctured by LTE CRS 

· Other mechanisms (including, for example, not using OFDM symbols used by LTE CRS, or transmitting the NB-IoT PSS/SSS in LTE MBSFN subframes) are not precluded

· NB-IoT PSS/SSS design should consider different CP lengths (e.g. normal CP and extended CP) if supported 

· FFS whether cell ID information is carried by NB-IoT PSS. 
· If not, then NB-IoT physical cell ID is indicated by NB-IoT SSS 
· FFS whether the operation mode (i.e. some or all of standalone / guard-band / in-band) needs to be indicated somehow.

· FFS whether/how FDD/TDD needs to be indicated.  
Also a working assumption was made to indicate physical cell ID in the synchronization signal.
In this contribution, we discuss some more details regarding what other information needs to be carried on synchronization and broadcast channel.
2. Discussion 

Information carried on synchronization signal
In legacy and eMTC, synchronization signal carries physical cell id, duplex mode and CP length. For NB-IOT, currently FDD is at least supported. For stand-alone scenario, GSM band is currently under consideration where FDD is used. For guard-band and in-band scenario, it depends on operators’ interest whether deploy NB-IOT with TDD cell is desirable. On the other hand, the evaluations done so far assume FDD operation and some of the requirement, e.g. latency and power consumption  may not be fulfilled due to less opportunities for both DL and UL transmission, unless the requirements are specifically relaxed for TDD and it is not desired at this stage. Also, even both UL and DL adopt NB-LTE, it is not very compatible with existing TDD-LTE due to the smaller subcarrier spacing in the UL direction. New UL-DL configuration needs to be introduced or new design needed to be conducted. As NB-IOT need to be finalized in the first quarter of 2016, it is better to focus on FDD only and we see no needs to indicate FDD/TDD by synchronization signal.
Another issue is whether the operation mode needs to be indicated by the synchronization signal. It may depend on how we design for broadcast channel decoding. Blind decoding for different operation modes seems not very attractive. On the other hand, applying puncturing method as what we currently assumed for synchronization signal around legacy channel/signal would degrade the performance significantly as broadcast channel is expected to occupy more resource and a lot of resource would be punctured unnecessarily. 
	Information candidate for synchronization signal
	Necessity

	Duplex mode
	Not needed

	Operation mode
	Needed for more efficient reception of the following broadcast channel


Proposal 1: Operation mode is indicated by synchronization signal.
Information carried on broadcast channel
In the legacy LTE, PBCH indicate system bandwidth, PHICH configuration, and SFN. During the eMTC discussion, SIB1 bis scheduling information is added additionally. Indicating PHICH configuration is not necessary for NB-IOT, as it is anyway not accessible to NB-IOT UE due to bandwidth limitation. Extended PHICH configuration could help UE to determine the legacy control region size, while indicating legacy control region size should be a generic issue and should be handled separately. For in-band scenario, system bandwidth and PRB location may be required if CRS is reuse as demodulation reference signal or if hopping is supported by in-band NB-IOT. Regarding SIB1 bis scheduling information, to simplify the design we prefer to keep it fixed in standard instead of indicating through broadcast channel. 
To fulfill the power consumption requirement of NB-IOT UE, it is necessary to reduce UE wakeup or reception time as much as possible as indicated in [1][2][3]. UE only acquires the system information when necessary, e.g. before receiving paging and when it is really changed. Indicating system information change via paging as done currently is then not attractive. Instead, system information change can be included in the broadcast channel to achieve the power saving purpose. Besides, paging reception would take much longer time then broadcast channel. As the paging for a UE would not come frequently, requiring UE to wake up to receive paging at its paging occasion every time is power-consuming. It is beneficial to have some paging indication in the broadcast channel which tells UE whether it is likely to be paged in the following. For a UE not likely to be paged as indicated in the broadcast channel, it doesn’t have to receive paging in the corresponding paging occasion.
	Information candidate for broadcast channel
	Necessity

	SFN
	Still needed

	PHICH configuration
	Not necessary. Legacy control region size can be separately discussed

	Bandwidth/PRB location
	Needed for indicating CRS sequence and potentially used for hopping.

	SIB-1 bis scheduling information
	Not needed. Fixed in standard is good enough

	SI change indication
	Needed for UE power saving

	Paging indication
	Needed for UE power saving


Proposal 2: The following information is included in the broadcast channel for all operation modes:

· SFN

· System information change indication

· Paging indication

Proposal 3: For in-band operation mode, the following information is included in the broadcast channel:
· System bandwidth
· PRB location

3. Conclusion

In this contribution, we discuss the information required on synchronization signal and broadcast channel for NB-IOT and have the following proposal:
Proposal 1: Operation mode is indicated by synchronization signal.

Proposal 2: The following information is included in the broadcast channel for all operation modes:

· SFN

· System information change indication

· Paging group indication

Proposal 3: For in-band operation mode, the following information is included in the broadcast channel:

· System bandwidth
· PRB location
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