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Introduction
[bookmark: OLE_LINK25][bookmark: OLE_LINK30]“New WI: NarrowBand IOT (NB-IOT)” ([1]) was approved in RAN #69 meeting. NB-IOT should support three operation modes: ‘Stand-alone operation’, ‘Guard band operation’ and ‘In-band operation’. The detailed objectives in RAN1 are to specify the physical layer aspects, covering:
· Physical channel and mapping of transport channels
· Channel coding and physical channel mapping
· Physical layer procedures
· Physical layer measurements
· UE physical layer capabilities

In this contribution, considerations on Frame structure, PBCH channel, physical channel mapping, and downlink physical channel mapping in enhanced coverage are discussed.

Frame structure
For ‘In-band operation’ mode, in downlink, 15 kHz sub-carrier spacing should be adopted for NB-IOT to avoid interference from normal LTE transmission.  In uplink, in order to reuse existing LTE structure as much as possible, 15 kHz sub-carrier spacing is preferable; but 2.5 kHz sub-carrier spacing may provide better spectrum efficiency and coverage. The uplink subframe length would be 6 ms if SC-FDMA and 2.5 kHz sub-carrier spacing are used for NB-IOT.  Downlink and uplink frame structures for NB-IOT are shown in Fig. 1 and Fig. 2 respectively.
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Figure 1 Downlink frame structure for NB-IOT
[image: ]
Figure 2 Uplink frame structure for NB-IOT

[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Synchronization channel (M-PSS/SSS) and physical broadcast channel (M-PBCH) for NB-IOT in time domain are shown in Fig. 3, so that the number of available subframes in an M-subframe is constant, and the number of subframes in one M-subframe would be multiples of 10. In addition, if SC-FDMA and 2.5 kHz sub-carrier spacing are used for NB-IOT uplink, to achieve a unified M-subframe definition for both uplink and downlink, the number of subframes in one M-subframe would also be multiples of 6. Therefore, in this case, the number of subframes contained in one M-subframe would be common multiples of 6 and 10. For example, the length of an M-subframe can be 30 ms.

[image: ]
Figure 3 Example of time positions of M-PBCH and M-PSS/SSS

Proposal 1: Unified frame structure design should be considered for downlink and uplink.

M-PBCH
For ‘In-band operation’ mode, the PRB(s) location for NB-IoT within LTE system bandwidth would be carried in M-PBCH. Prior to M-PBCH decoding, NB-LTE UEs does not have the information about LTE CRS. In order to guarantee the demodulation performance of M-PBCH, M-PBCH reference signal (RS) can be introduced. M-PBCH would be mapped to the OFDM symbols which contain M-PBCH RS and other OFDM symbol(s) between which contains M-PBCH RS.  Furthermore, to avoid interference from LTE CRS, M-PBCH would be mapped to non-CRS OFDM symbols. From the perspective of implementation complexity, unified design should be applied for normal and extended CP as far as possible. Two example is shown in Fig.4, one for normal CP and the other for extended CP. In addition, if only normal CP is under consideration, M-PBCH mapping can be extended to 7 OFDM symbols. 

[image: ]
(a)  For normal CP			        (b)  For extended CP
Figure 4 Examples of M-PBCH structure

[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 2: M-PBCH should occupy at least those OFDM symbols that carry M-PBCH-RS.

Scheduling and Physical Channel Mapping
In order to avoid interference with downlink control channel of LTE system, NB-IOT can reuse EPDCCH as downlink control channel. For EPDCCH, SFBC mode based on CRS is preferable, compared to DMRS based solution which would add DMRS overhead and complicate UE implementation. Hence, transmission mode based on CRS should be considered.

M-subframe can be used to determine EPDCCH detection and scheduling timing. For example, EPDCCH locates in the beginning subframes of M-subframe, the remaining subframes are used for downlink PDSCH transmission. In order to reduce the scheduling delay and simplify the implementation, self-scheduling scheme is adopted for downlink within one M-subframe. For uplink, UL grant in DL M-subframe j would schedule uplink transmission in the next UL M-subframe j+1. Taking M-subframe length of 30 ms as an example, scheduling timings for downlink and uplink are shown in Fig. 5 and Fig. 6, respectively.

[image: ]
Figure 5 Example of downlink scheduling for NB-IOT

[image: ]
Figure 6 Example of uplink scheduling for NB-IOT

Proposal 3: For M-EPDCCH, transmission mode based on CRS should be considered.

Proposal 4: Physical channel mapping should try to match with frame strucutre definition.

DL Physical Channel Mapping in Enhanced Coverage
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]To achieve 20 dB coverage enhancement target, about 50 times of repetition are expected for downlink control channel while about 200 times repetition would be needed for PDSCH. If resources are continuously occupied by EPDCCH and PDSCH for a UE in enhanced coverage, traffic of other UEs may be blocked. To resolve such blocking problem, mapping EPDCCH and PDSCH to dis-continuous subframes would be helpful. An example of dis-continuous mapping is shown in Figure 7.



Figure 7 Example of discrete mapping of EPDCCH and PDSCH in enhanced coverage

Proposal 5: Mapping of downlink channels in enhanced coverage should try not to block other downlink channels.

Conclusions
In this contribution, considerations on considerations on Frame structure, PBCH channel, physical channel mapping, and downlink physical channel mapping in enhanced coverage have been discussed. We make the following proposals:

Proposal 1: Unified frame structure design should be considered for downlink and uplink.
Proposal 2: M-PBCH should occupy at least those OFDM symbols that carry M-PBCH-RS.
Proposal 3: For M-EPDCCH, transmission mode based on CRS should be considered.
Proposal 4: Physical channel mapping should try to match with frame strucutre definition.
Proposal 5: Mapping of downlink channels in enhanced coverage should try not to block other downlink channels.
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