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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Cellular Internet of Things (CIoT) [1]. Until GERAN #65, three candidate solutions have been included in TR 45.820, i.e., EC-GSM, NB-M2M, and NB-OFDMA [2]. 
In this contribution, we discuss several points of the system design of NB-OFDMA solution. 
2 Discussions
2.1 Coverage Class and Resource Segmentation
In the CIoT system, coverage class is one of the important features and widely considered in the candidate solutions [2]. Basically, coverage class is categorized according to the pathloss profiles. In each channel, the resources are segmented accordingly for different coverage classes. The modulation and coding scheme (MCS) and resource block size are pre-defined for each coverage class. In Fig. 1, an example of resource segmentation in Physical Random Access Channel (PRACH) with 4 coverage classes is illustrated.
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Fig. 1. Example of PRACH allocation with 4 coverage classes

For initial access in PRACH, a mobile station (MS) determines its MCS based on its pathloss and then randomly select one resource block in the corresponding coverage class to send PRACH. Furthermore, in the PRACH message, the MS can indicate its sub-class (8 levels supported) within the selected coverage class. Regarding pathloss estimation at the MS side before initial access, no details were described yet. According to the current design, the synchronization signals or pilot signals may be utilized for initial path loss estimation. It is necessary to further study the detailed procedure and measurement metric for initial path loss estimation.
Observation 1: It is observed that the detailed procedure and measurement metric for initial path loss estimation at the MS side were not defined.
For Physical Downlink Shared Channel (PDSCH) and Physical Uplink Shared Channel (PUSCH), different segments are time and frequency multiplexed depending on the resource allocation algorithm [2]. Since the BS allocates downlink and uplink resource for all MSs, the coverage class based resource segmentation can be operated explicitly or implicitly. More details are necessary regarding the resource allocation in the data channels.
Observation 2: More details are necessary regarding the resource segmentation/allocation for the data channels, i.e., PUSCH and PDSCH.
Furthermore, for PUSCH, there are (72-K_prach) available tones in the 24 extended slots, and 71 available tones in the remaining normal slots, as illustrated in Fig. 2. In [3], a simple frequency hopping for PRACH is described. Specifically, the PRACH tone hops with a fixed step size of g (e.g., g = 6) tones at each odd-numbered slot. Different from the PRACH hopping, a hopping pattern similar to the LTE type 2 PUSCH frequency-hopping is considered for PUSCH [2]. To avoid collision with PRACH, the type of slot in the PUSCH transmissions, i.e., normal slot or extended slot needs to be taken into consideration for the frequency hopping design for PUSCH.
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Fig. 2. Uplink physical channels
Observation 3: In PUSCH transmission, it is necessary to revise the frequency hopping design considering the slot type, i.e., the normal slot or extended slot.
2.2 Design of ACK/NACK Transmission
In NB-OFDMA, different ACK/NACK transmission schemes are used for downlink and uplink.

In PUCCH, each segment carries one bit ACK/NACK information for downlink transmission of a specific MS. 

However in PDCCH, the ACK/NACK information of all the MSs within a category is coded together and transmitted as a single message during the last slot of PDCCH [4]. The message size varies across categories and depends on the number of PUSCH resources allocated to each category [4]. It is observed that no details of the coding scheme were described and it is not clear what kind of information is required for the MS to decode its ACK/NACK message. 
Observation 4: In PDCCH, further study is necessary regarding the ACK/NACK coding scheme.
2.3 Remaining Resource Usage in PBCH Slot
In the downlink frame structure, PBCH occupies the first 5 slots and 18 tones [2]. The usage of the remaining 54 tones in the first 5 slots is not specified yet. It is suggested to clarify the possible usage of these resources, e.g., for data or control, or any purpose to keep these resource unused. 

Observation 5: It is observed that the possible usage of the remaining resources in the PBCH slots was not clarified.
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Fig. 3. Downlink physical channels

3 Conclusions
Based on the discussion of the system design in the NB-OFDMA solution, we have the following observations:
Observation 1: It is observed that the detailed procedure and measurement metric for initial path loss estimation at the MS side were not defined.
Observation 2: More details are necessary regarding the resource segmentation/allocation for the data channels, i.e., PUSCH and PDSCH.
Observation 3: In PUSCH transmission, it is necessary to revise the frequency hopping design considering the slot type, i.e., the normal slot or extended slot.
Observation 4: In PDCCH, further study is necessary regarding the ACK/NACK coding scheme.
Observation 5: It is observed that the possible usage of the remaining resources in the PBCH slots was not clarified.
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