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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things [1]. The revised NB-IoT work item was further approved at RAN#70 [2]. NB-IoT should support three different modes of operation, i.e., standalone operation, guard-band operation, and in-band operation. At RAN1#83, the following agreements were achieved regarding operation mode indication [3]. In this contribution, we discuss the operation mode indication method.

	Agreements:

· Confirm working assumption on supporting 504 PCIDs
· PCID is indicated by NB-SSS 

· FFS whether some bits of the NB-IoT frame number are derived from NB-SSS
· FFS how many bits of NB-IoT frame number are indicated
· FFS relationship (if any) between NB-IoT frame number and SFN of LTE in guard-band and in-band cases
· 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) 


2. Discussion
In the three operation modes supported by NB-IoT, it is well known that there is difference in terms of resource availability, as well as the resource mapping rule and the corresponding eNB/UE processing. A typical example is that the first (e.g., 3) OFDM symbols in each subframe may be reserved for legacy control region of LTE for NB-IoT in-band operation. From the perspective of NB-IoT devices, it is desirable to differentiate the operation mode as early as possible, since the succeeding processing may be different. It is observed that at least the in-band operation needs to be differentiated from the guard-band/standalone operations, because the available resources are different, and the conflict with legacy LTE signals needs to be handled. 
Observation 1: It is observed that at least in-band operation mode needs to be differentiated from the guard-band/standalone operation modes.

If the operation mode is indicated by NB-SSS, the following approaches can be further considered for operation mode indication:
· Alt-1a: Indication is by NB-SSS index
· This may assume that the NB-SSS sequence will support the number of index with (504 * number of indicated operation mode)
· Alt-1b: Indication is by NB-SSS location
· This may assume that the NB-SSS location can be different in different operation modes. This approach is similar as the LTE case, where different SSS location can be considered to differentiate the FDD/TDD mode.
· Alt-1c: Indication is by NB-SSS density
· This may assume that the NB-SSS density can be different in different operation modes. 

· Alt-1d: Other options are not precluded 
Basically, the mode indication options above requires more number of NB-SSS sequences or more number of blind detections in order to differentiate the operation mode. It is expected that the mode indication via NB-SSS will increase the complexity of cell search in the device side, compared to the case without mode indication. 
On the other hand, it is simple and straightforward to add a field of operation mode indication in the NB-MIB.

· Alt-2a: 1 bit indication in NB-MIB 
· This assumes that 1 bit can indicate if the current operation mode is in-band or not
· Alt-2b: 2 bit indication in NB-MIB 
· This assumes that the exact operation mode can be indicated
For now it is not clear if the guard-band operation and standalone operation should be differentiated at the time of NB-PBCH reception. If needed, the guard-band operation and standalone operation can be further differentiated in the SIB.  
Proposal 1: 1-bit operation mode indication in the NB-MIB is used to indicate that the current operation mode is in-band or not (guard-band or standalone).
3. Conclusions
This contribution discuss the options of operation mode indication. In summary, we have the following observation and proposal:

Observation 1: It is observed that at least in-band operation mode needs to be differentiated from the guard-band/standalone operation modes.

Proposal 1: 1-bit operation mode indication in the NB-MIB is used to indicate that the current operation mode is in-band or not (guard-band or standalone).
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