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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In order to have proper NB-IoT design, we need the discussion on the scheduling resource granularity. This document discusses PUSCH resource granularity, TB size, and the resource assignment.

Discussion
Operation modes
We propose at least two operation modes for PUSCH are supported. One is 12 subcarrier mode and the other is single subcarrier mode. According to the evaluation result [1], MCL is around below 146 to 150 dB, 12 subcarrier mode is used. When MCL is around above 146 to 150 dB, single subcarrier mode is used. Which operation mode is used is determined by the random access procedure. UE select certain PRACH resource according to the measurement results. According to the selected PRACH resource and successful random access procedure, the following procedure is determined by whether 12 subcarrier mode or single subcarrier mode.
For further larger MCL case than single, 3.75 kHz subcarrier spacing and/or CDM with 15 kHz subcarrier spacing [2] are required. It is FFS whether it is additional modes or extension of single subcarrier mode.  
Proposal 1: Uplink supports at least two operation modes. One is 12 subcarrier mode. The other is single subcarrier mode.
Proposal 2: The operation mode is determined by the random access procedure.


Coding scheme and encoded data mapping over the subframes
TB size supported by NB-PUSCH needs to take into account the segmentation and CRC overhead. If we just simply reuse current LTE overhead assumption, it would be 24 bits (CRC) + 8 bits (MAC) + 16 bits (RLC AM) = 48 bits per one packet. 
10% overhead by CRC and protocol overhead corresponds to 0.4 dB additional loss. 5% overhead is 0.2 dB. 20% overhead is 0.8 dB. To limit something 10% order of the overhead is sensitive choice on in order to support various payload sizes. 500 to 1000 bits TB size would be 10% to 5% overhead when segmentation is used. This is aligned with DL number of the agreement, "the max TB size for NB-IoT in DL is no less than 520bits".
As the turbo encoder itself is not complex compared with turbo decoder, we propose to use turbo coding in UL. Although turbo coding support multiple redundancy versions, to map coded data over multiple subframes allows avoiding the problem of RV cycling where systematic bits are priority repeated than parity bits. We further discuss the mapping in 12 subcarrier mode and single subcarrier mode separately.
Proposal 3: Turbo coding is used for the PUSCH
Proposal 4: At the transmitter, the output of the rate matching is mapped over multiple subframes.

The max TB size and mapping length in 12 subcarrier mode
Within 1 PRB pair (12 subcarriers with 15 kHz subcarrier spacing with 1ms period), assuming 2 symbols are used for RS and 1 symbol reserved for legacy SRS, 11 SC-FDMA symbols are available. This means 132 REs. When 10 subframes (1 radio frame) is the one unit of the assignment, it contains 1320 REs. By assuming QPSK and coding rate 1/3, TB size is roughly 880 bits (= 1320*2/3). We think this is something good number which is higher than 520 bits but less than 1000 bits. To map one encoded data over 10 subframes also aligned with the radio frame.


Figure 1: Mapping of up to around 880 bits with around coding rate 1/3

Proposal 5: The max TB size for NB-IoT in UL is around 880 bits in 12 subcarrier mode. 
Proposal 6: The max TB size of around 880 bits is allowed to be mapped over 10 subframes in 12 subcarrier mode.
Although the study item evaluation was 200bytes, the reality of TB size varies protocol designs and services. Some IoT type service may require relatively large data and some service may require small data. So the system needs to provide generic TBS with certain granularity. We propose to reuse TB size granularity of LTE up to around 880 bits. It means following.
16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584, 616, 712, 776, 840
Proposal 7: The supported TB size in 12 subcarrier mode is {16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584, 616, 712, 776, 840}.

Resource assignment in 12 subcarrier mode
TDM assignment of UEs allows minimizing the wake-up time for the data reception. This is important to reduce power consumption of UE. When the higher layer's TB size is smaller than around 800 bits, only to wake up required period is useful. Therefore, we propose DCI indicates the assigned subframe of PUSCH within 1 radio frame (10 subframes). By such signalling, UE is required to transmit only assigned subframes. The signalling mechanism can be same as PRB assignment in the frequency domain over 10 PRBs in contiguous assignment. This means (10x11)/2 = 55 subframe position can be indicated within 10 subframes. It requires 6 bits. 
Proposal 8: The DCI indicates the assigned subframe of PUSCH within 1 radio frame in 12 subcarrier mode.
[bookmark: _GoBack]Proposal 9: The assigned subframe of PUSCH within 1 radio frame is expressed by 6 bits in DCI in 12 subcarrier mode.
When more repetition is required, the number of the radio frame repetition is signalled in DCI. We think 2 bits could be enough for the number of radio frame indication. The higher layer indicates the set of the radio frame repetition and one of the entries is indicated by DCI. Within the repeated radio frames, the same assigned subframes are repeated.
Proposal 10: The DCI indicates the number of the radio frames to be repeated in 12 subcarrier mode.
Proposal 11: Within the repeated radio frame, the assigned subframes are repeated in 12 subcarrier mode.

The max TB size and mapping length in single subcarrier mode
Within 1 ms of 15 kHz subcarrier spacing, assuming 2 symbols are used for RS and 1 symbol reserved for legacy SRS, 11 SC-FDMA symbols are available. This means 11 REs. When 80 subframes (8 radio frame) is the one unit of the assignment, it contains 880 REs. By assuming QPSK and coding rate 1/3, TB size is roughly 586 bits (= 880*2/3). We think this is something good number which is higher than 520 bits but less than 1000 bits. 8 radio frames is good number related to SFN 10240 subframes.


Figure 1: Mapping of up to around 586 bits with around coding rate 1/3

Proposal 12: The max TB size for NB-IoT in UL is around 586 bits in single subcarrier mode. 
Proposal 13: The max TB size of around 586 bits is allowed to be mapped over 80 subframes in single subcarrier mode.
Although the study item evaluation was 200bytes, the reality of TB size varies protocol designs and services. Some IoT type service may require relatively large data and some service may require small data. So the system needs to provide generic TBS with certain granularity. We propose to reuse TB size granularity of LTE up to around 586 bits. It means following.
16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584
Proposal 14: The supported TB size in 12 subcarrier mode is {16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584}.

Resource assignment in single subcarrier mode
TDM assignment allows minimizing the wake-up time for the data reception. This is important to reduce power consumption of UE. When the higher layer's TB size is smaller than around 586 bits, only to wake up required period is useful. We propose the minimum scheduling granularity for single subcarrier mode is one radio frame. Therefore, we propose DCI indicates the assigned radio frame of PUSCH within 8 radio frame (= within 80 subframes). By such signalling, UE is required to wake up only assigned radio frames. The signalling mechanism can be same as PRB assignment in the frequency domain over 8 PRBs in contiguous assignment but one granularity is 1 radio frame. This means (8x9)/2 = 36 combinations of radio frames position can be indicated over 8 radio frames. By omitting some positions, we propose to use 5 bits expression.  .
Proposal 15: The DCI indicates the assigned radio frame of PUSCH within 8 radio frame in single subcarrier mode.
Proposal 16: The assigned subframe of PUSCH is expressed by 5 bits within 8 radio frame in DCI in 1 subcarrier mode.
As described, more repetitions are realized by 3.75 kHz subcarrier spacing and/or CDM with 15 kHz subcarrier spacing. The signalling mechanism is also FFS. In addition, when TBS size is much smaller than 586 bits like 60 to 80 bits order but more repetitions are required, symbol level combining improves the performance a lot [1]. The relation between rate matching and symbol repetition needs further discussion.


Conclusion
We propose following.
Proposal 1: Uplink supports at least two operation modes. One is 12 subcarrier mode. The other is single subcarrier mode.
Proposal 2: The operation mode is determined by the random access procedure.
Proposal 3: Turbo coding is used for the PUSCH
Proposal 4: At the transmitter, the output of the rate matching is mapped over multiple subframes.
Proposal 5: The max TB size for NB-IoT in UL is around 880 bits in 12 subcarrier mode. 
Proposal 6: The max TB size of around 880 bits is allowed to be mapped over 10 subframes in 12 subcarrier mode.
Proposal 7: The supported TB size in 12 subcarrier mode is {16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584, 616, 712, 776, 840}.
Proposal 8: The DCI indicates the assigned subframe of PUSCH within 1 radio frame in 12 subcarrier mode.
Proposal 9: The assigned subframe of PUSCH within 1 radio frame is expressed by 6 bits in DCI in 12 subcarrier mode.
Proposal 10: The DCI indicates the number of the radio frames to be repeated in 12 subcarrier mode.
Proposal 11: Within the repeated radio frame, the assigned subframes are repeated in 12 subcarrier mode.
Proposal 12: The max TB size for NB-IoT in UL is around 586 bits in single subcarrier mode. 
Proposal 13: The max TB size of around 586 bits is allowed to be mapped over 80 subframes in single subcarrier mode.
Proposal 14: The supported TB size in 12 subcarrier mode is {16, 24, 32, 40, 56, 72, 104, 120, 136, 144, 176, 208, 224, 256, 280, 328, 336, 376, 408, 440, 488, 520, 552, 584}.
Proposal 15: The DCI indicates the assigned radio frame of PUSCH within 8 radio frame in single subcarrier mode.
Proposal 16: The assigned subframe of PUSCH is expressed by 5 bits within 8 radio frame in DCI in 1 subcarrier mode.
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