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At RAN#69, a new work item named Narrowband IOT (NB-IOT) was approved, see [1]. The objective are to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description was approved, see [2].
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
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. Furthermore according to [2], for the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

In this contribution, we discuss issues related to valid DL and UL subframes for NB-IoT transmission. Since Rel-13 NB-IoT does not consider TDD operation, the discussion below is limited to FDD.
Valid DL Subframes
Inband operation
For inband operation of NB-IoT, subframes occupied by periodic broadcast-type legacy LTE signal cannot be used for NB-IoT DL transmission. These include:
· MBSFN subframes;
· PRS subframes;
Thus, similar to eMTC, a cell-wide valid DL subframe pattern should be defined and signaled in SIB1. The valid DL subframe pattern broadcast in SIB1 is called fddDownlinkSubframeBitmapNBIoT below.
The fddDownlinkSubframeBitmapNBIoT is an optional field, since it covers legacy broadcast messages that may or may or be present in a cell. If the legacy broadcast messages are not transmitted in the cell, then fddDownlinkSubframeBitmapNBIoT field does not need to be included in SIB1. In other words, the default of  fddDownlinkSubframeBitmapNBIoT is that all DL subframes are valid for NB-IoT. 
All DL subframes to be received after SIB1 should be transmitted only over the valid subframes, including NPDCCH and NPDSCH. 
For inband operation, a valid DL subframe pattern is optionally signaled in SIB1.
For inband operation, UE is expected to receive NB-IoT DL transmission over the valid DL subframes only.
For inband operation, if a valid DL subframe pattern is not signaled in SIB1, the default is that all DL subframes are valid for NB-IoT.

There are other types of DL subframes that are not available for DL transmission. These include:
· Guard subframes used for UL-to-DL and DL-to-UL retuning;
· Subframes used as measurement gap;
These subframes are UE-specific, not cell-specific. Hence these valid subframe patterns should not be sent over SIB1. These subframe patterns are RRC signaled in a UE-specific manner.

Application of valid subframe pattern
Let the valid DL subframe pattern broadcast in SIB1 be fddDownlinkSubframeBitmapNBIoT. The applicability of valid subframe pattern:

1. If fddDownlinkSubframeBitmapNBIoT is NOT provided in SIB1 then
· Valid DL subframes for SIB2 reception = all DL subframes;
· Valid DL subframes for DL reception after SIB2 reception are determined as follows:
a) If MBSFN configuration is NOT provided in SIB2 then
· Valid DL subframes for DL reception after SIB2 reception = all DL subframes;
b) If MBSFN configuration is provided in SIB2 then
· Valid DL subframes for DL reception after SIB2 reception = signalled non-MBSFN subframes

2. If fddDownlinkSubframeBitmapNBIoT is provided in SIB1 then
· Valid DL subframes for SIB2 reception = according to fddDownlinkSubframeBitmapNBIoT;
· Valid DL subframes for DL reception after SIB2 reception are determined as follows:
a) If MBSFN configuration is NOT provided in SIB2 then
· Valid DL subframes for DL reception after SIB2 reception = according to fddDownlinkSubframeBitmapNBIoT;
b) If MBSFN configuration is provided in SIB2 then
· Valid DL subframes for DL reception after SIB2 reception = according to fddDownlinkSubframeBitmapNBIoT together with MBSFN subframe configuration

For inband operation, the valid DL subframe pattern is used together with MBSFN configuration in DL reception.


Stand-alone operation and guard band operation
For stand-alone and guard band operation of NB-IoT, there is no subframe occupied by periodic broadcast-type legacy LTE signal such as MBSFN subframes and PRS subframes. Hence there is no need to define or signal valid subframe pattern in SIB1.

For Stand-alone and guard band operation, all DL subframes are considered valid. No valid DL subframe pattern is signaled via SIB1.

Valid UL Subframes
Since Rel-13 NB-IoT does not consider TDD operation, there is no need to define valid UL subframe pattern for Rel-13. In other words, 

For Rel-13 NB-IoT, all UL subframes are considered valid. No valid UL subframe pattern is signaled via SIB1.


Conclusions
In this contribution, we discussed issues related to valid DL and UL subframes for NB-IoT transmission. Based on the discussion, we make the following proposals: 
1. For inband operation, a valid DL subframe pattern is optionally signaled in SIB1.
For inband operation, UE is expected to receive NB-IoT DL transmission over the valid DL subframes only.
For inband operation, if a valid DL subframe pattern is not signaled in SIB1, the default is that all DL subframes are valid for NB-IoT.
For inband operation, the valid DL subframe pattern is used together with MBSFN configuration in DL reception.
For Stand-alone and guard band operation, all DL subframes are considered valid. No valid DL subframe pattern is signaled via SIB1.
For Rel-13 NB-IoT, all UL subframes are considered valid. No valid UL subframe pattern is signaled via SIB1.
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