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1
Introduction
In RAN1#83, the DL and UL choices with respect to numerologies have been clarified while the NB-IoT WID got the corresponding updates in RAN#70 plenary. In this contribution we discuss basic system design for NB-IoT.
2
DL NB-IoT 
2.1 

Support for the three scenarios
NB-IoT should support three different modes of operation: “stand-alone”, “guard-band”, “in-band”. From UE perspective the operation happens on 180 kHz Ue RF bandwidth for both downlink and uplink, hence it is expected that a single implementation would suffice the three deployment scenarios. 

· Strive for common design for the three NB-IoT operating modes.

2.2

Basic design for DL 
In a set of companion contributions [3]-[9] we are addressing in more detail aspects related to DL design, however in the following we would like to highlight the basic option which we believe would enable the finalization of Release 13 NB-IoT WI.

2.2.1
Initial access
A conveninent way is to utilize the 100 kHz raster utilized in legacy LTE system. However, because the NB-IoT channel has an allocation of 180 kHz (1PRB) and excluding the DC carrier it means that reutilizing the 100 kHz LTE channel raster would result in no alignment with the NB-IoT center frequency. This would create carrier frequency offsets (CFOs) which vary between 2.5 kHz up to 47.5 kHz [2] which needs to be compensated by the UE. Selecting the lowest CFOs of 2.5 kHz and 7.5 kHz would impose restrictions to eligible PRB placements for the NB-IoT sync in in-band scenarios. The sync design should allow the early identification of the deployment scenario, TDD/FDD and cyclic prefix length.
· Reutilize the 100 kHz channel raster.
· The sync design should allow the early identification of the deployment scenario, TDD/FDD and cyclic prefix length.

2.2.2

NB-PDSCH, reference symbols and transmission schemes
· Reuse legacy LTE CRS 
· Support only 1 and 2 Tx antenna ports on the DL
· Support SFBC only

· QPSK modulation and TBCC
· A transport block is rate-matched to {1, 2, 4, 8} subframes as indicated in DCI
· Repetition can be used, number of repetition is indicated in DCI
· RV cycling is used
· RV changes every [Z = 4] repetitions
2.2.3
NB-PDCCH

· NB-PDCCH design shall follow the legacy PDCCH/EPDCCH/MPDCCH design as much as possible.
· SFBC is used as transmission scheme
· Reuse PDCCH based REG to RE mapping and extend the REG to RE mapping to all available OFDM symbols in each subframe.

· Four CCEs are available per subframe. The number of REGs per CCE varies based on the number of reserved OFDM symbols.

· Two alternatives for NB-PDCCH CCE to REG mapping can be considered, one is mapping in per subframe, the other one is mapping in a configured NB-PDCCH PRB set.
· Common search space is not supported for NB-IoT.
· The NB-PDCCH USS reuses the design of MPDCCH USS as much as possible.
2.2.4 

DL Scheduling 

The LTE terminology and numerology may be reutilized in the sense that a subframe is 1 ms length and a radio frame 10 ms length which would also fit the TDD design. The basic scheduling unit may be 1 subframe but also larger TTI values can be considered such as 2, 4, 8 ms. 

· A single HARQ process should be utilized for unicast and system information. A single HARQ buffer might be sufficient.
· Support 3 different coverage levels
· Level A, B, C
· A: 144dB MCL, B: 154dB MCL, C: 164dB MCL
· eNB indicates maximum CE level it supports
· Allow for multiple scheduling granularities for time discontinuous transmission in order to reduce the total transmission time.
· Support multiple NB-IoT carriers
· Synchronization signal, MIB and SIBs transmitted only on 1 carrier
· Can be extended to stand-alone/guard-band also
· Support anchor channel with only one of the NB-IoT carriers transmitting sync information.
· Support simple frequency hopping scheme
· Fixed cell-specific hopping pattern, retuning time is 2 symbols
· No NB-IoT within the 6 central PRBs
· This means no in-band NB-IoT for 1.4MHz system BW
3
Conclusion
In this contribution we have presented a set of design points which we believe are feasible during the Release 13 standardization framework of NB-IoT. Further details of these concepts are presented in a set of companion contributions.
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