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1 Introduction
In RAN#69 meeting, a new work item ‘NarrowBand Internet of Things, NB-IOT’ is approved [1], whose WID is revised later in RAN#70 [2]. It was specified in the WID:

NB-IOT should support 3 different modes of operation: 

1.
‘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.

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier

Further, it was addressed in RAN1#83 Chairman’s notes [3]: 
· Operation mode is indicated in one of the following ways:
· Alt-1:Indication is by NB-SSS
· Alt-2: Indication is by NB-MIB
· Other options are not precluded
· FFS whether the number of values that can be indicated is equal to or less than the number of operation modes (i.e. 3) 
In this paper, we’d like to reveal our view on the operating mode indication for NB-IoT.
2 Alternatives on operating mode indication
The main purpose of indicating the operating mode for UE is to specify the resource utilization. For in-band operation, the resource mapping should respect legacy LTE. For example, the PDCCH region cannot be used for the transmission of NB-IoT signals. In guard-band and stand-alone modes, on the other hand, all the resource elements can be fully utilized. 
As noted in [3], there’re several options for operating mode indication. The following we will qualitatively analyze the pros and cons of each alternative. 

Alt.1: Indication by NB-SSS

One method to indicate the operating mode is by distinguishing different NB-SSS locations, which is similar to the approach applied since Rel-8 LTE cell search for TDD/FDD mode detection [4]-[6]. 
Since initial cell search is the first step when a UE is trying to camp on a cell, indicating the operating mode in synchronization channel can the best utilize the resource for the physical channels afterward, eg. NB-PBCH, NB-PDCCH and NB-PDSCH. This method, however, increases hypotheses that are needed to be tested for NB-SSS identification. It was agreed in RAN1#83 [3] that PCID will be indicated only by NB-SSS. On top of that, there might be 2 hypotheses to resolve the 80ms ambiguity for NB-PBCH detection. Further, if FDD/TDD and normal/extended CP are all supported, the total NB-SSS hypotheses number is 4016 = 504 (PCID) * 2 (frame timing) * 2 (TDD/FDD) * 2 (NCP/ECP) considering only one timing candidate provided by NB-PSS detection results. If operating mode is indicated by the position of NB-SSS, there will be 2 to 3 times increase for the timing hypotheses. The increase of NB-SSS testing hypotheses not only complicates the UE’s cell search but may also result in worse false alarm probability. 
Alt.2: Indication by NB-MIB

Another option is to directly indicate the operating mode by MIB [7]-[9]. UE can after successfully decoding the NB-PBCH retrieve the information of operating mode and know the corresponding resource mapping for the subsequent physical channels, i.e. NB-PDCCH and NB-PDSCH. The benefit of this alternative is the unified processing of NB-PBCH decoding for all operating modes. The cell search complexity is also less than that by Alt.1. 

Since the operating mode will be not available until the UE successfully decodes MIB, the resource mapping of NB-PBCH should be designed based on the worst case, i.e. in-band operating mode. In the case of guard-band or stand-alone operation, the resource elements in NB-PBCH subframe are not best utilized to its extent. 
Alt3: Implicitly indication by PRB index

If the PRB indexes used for NB-IoT operation will be specified in standards, the UE may derive the operating mode by itself using some blind detection. 

For example, we may specify PRB index {x1, x2,…} for in-band operation; {y1, y2,…} for guard-band operation; and {z} for stand-alone operation. UE can through blindly decoding NB-PBCH with the defined PRB index candidate to implicitly derive the operating mode. The advantage of specifying the available PRB indexes for NB-IoT is that the UE can perform NB-PBCH demodulation using the CRS as the phase reference. No additional NB-RS should be defined in NB-PBCH subframe. 
The major downside of this method is, however, the increased UE complexity for blind NB-PBCH decoding for multiple CRS pattern hypotheses. Further, this also constrains the possible PRB locations for NB-IoT deployment.

Table.1 Comparison between the alternatives for operating mode indication
	
	Alt.1: Indication by NB-SSS
	Alt.2: Indication by NB-MIB
	Alt3: Implicitly indication by PRB index

	Pros 
	Early detection of operating mode before PBCH decoding, which enables
· Optimized NB-PBCH design for guard-band or stand-alone mode
	Unified NB-PBCH demodulation and decoding for all operating modes, which enables less complicated UE implementation
	· The LTE CRS pattern can be used for MIB decoding for all three modes
· Best utilization of all REs for either RS or Data

	Cons 
	· Higher complexity in initial cell search due to more NB-SSS hypotheses
· Increased false alarm prob.
	No chance for NB-PBCH performance improvement in guard-band and stand-alone mode by better resource utilization
	· Increased UE complexity due to NB-PBCH blind decoding

· Less NB-IoT deployment flexibility


In Table.1 we summarize the pros and cons of different options for operating mode indication. It is noted that the different proposals mainly affect the cell search and NB-PBCH decoding performance and complexity. In our view, one of important factors driving the NB-IoT business is the low device cost. Alt.2 can yield lower complexity among the proposals under the satisfied performance requirement. NB-PBCH should be already designed to support the worst case scenario. Therefore unless any serious problem is identified identified, a unified NB-PBCH demodulation/decoding procedure is desirable for chip vendors considering the stringent time-to-market requirement. 
The NB-IoT signals may differ when operating in different operating mode in many aspects, such transmitted power, power spectrum, resource allocation, etc. From the UE’s signal processing point of view, the aspect that really matter is how the modulated symbols are mapped to the resource elements. In this regard, it can be no different between guard-band and stand-alone operating mode. As a result, it would be sufficient to indicate whether the NB-IoT is operated by in-band deployment.
Proposal #1: Use MIB for NB-IoT operating mode indication.
· How to define the mode indication in MIB is FFS
3 Conclusion
In this contribution, we analyze the pros and cons of different proposals for NB-IoT operating mode indication. We further reveal our view and provide the proposal as follows:
Proposal #1: Use MIB for NB-IoT operating mode indication.

· How to define the mode indication in MIB is FFS
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