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1. Introduction

In RAN#69 meeting, NarrowBand Internet of Things (NB-IoT) was approved as a new work item based on 3GPP TR 45.820 [1]. Its objective is to specify a radio access for cellular IoT 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 (optimised) network architecture. Furthermore, NB-IoT should support 3 different modes of operation: stand-alone, guard band, and in-band operations [1]. Regarding the objectives and operations specified for NB-IoT, a new consideration for PRACH of NB-IoT is needed.
In this contribution, we discuss several issues related to PRACH for NB-IoT.
2. Discussion

2.1. PRACH transmission
In 3GPP TR 45.820 [1], PRACH design for NB-LTE consists of one PRACH area within system bandwidth and 64 PRACH preambles are assumed. If subcarrier spacing is reduced, we can consider reusing the legacy subcarrier spacing of PRACH (i.e., 1.25 kHz) which is more robust against frequency offset compared to narrower subcarrier spacing. If this subcarrier spacing is assumed with ZC sequence size of 139, the PRACH will contain 173.75 kHz among 180 kHz narrowband. This will allow 3.125 kHz guard band in each edge. We can reuse the preamble sequence which is assumed for PRACH format 4 in legacy TDD LTE for this configuration. Regarding the maximum round trip time of 35 km in IoT, the minimum guard time (GT) becomes 250 us (233 us propagation delay with delay spread of 16.67us). Preamble sequence can be 800 us. If this is used, the minimum duration to transmit one PRACH segment is about 1.3 ms. If 6 ms TTI is used for uplink (e.g., using 2.5 kHz PUSCH subcarrier spacing), four PRACH transmissions can be accommodated within 6 ms by placing 1.5 ms PRACH segment in TDM manner. Furthermore, if multiple narrowband is supported in the system, FDM can be considered with frequency hoping. This configuration is shown in Figure 1.
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Figure 1: Example of PRACH configuration
In terms of multiplexing of PRACH resources for UEs in different coverage, to minimize near-far effects, it is desirable to consider separate resource in terms of frequency and/or time per coverage class rather than relying solely on CDM. If TDM is considered, given that low population of extreme coverage UEs, it is likely that the resource for extreme coverage class will be reserved with very long time interval in between. Thus, for UEs with large coverage enhancements, it may take a long time till the next available PRACH resource when it wakes up. To minimize the overall delay till the next available PRACH resource, FDM among different coverage class on PRACH resources can be considered. This approach may also allow lower latency till the next available PRACH resource. When there are more than one PRACH resources in one subframe, each resource can be assigned to different coverage class or between initial and retransmission of PRACH or between MAR periodic trigger and MAR aperiodic trigger.
In general, the repetition number required per each coverage class is different. Also, per TR 45.820 [1], the population of low coverage class tends to be higher than that of high coverage class. Though higher coverage requires higher number of repetitions, considering the population, generally, more PRACH resource needs to be allocated to lower coverage class. Thus, it would more effective to allow both FDM and TDM. Particularly in inband and guard band scenarios, FDM not only within a narrowband but also among different narrowbands if the system provides multiple narrowbands can be considered. 
Suggestion 1: FDM, TDM and CDM are considered for PRACH resource multiplexing for UEs. Among different coverage class, consider both FDM and TDM.
2.2. Coverage Enhancement (CE) levels
2.2.1. Classification of CE levels
In eMTC, a resource for PRACH transmission is configured for each CE level. In this case, the CE level of a UE can be implicitly notified to eNB via PRACH transmission. In other words, based on the selected PRACH resource, the network can identify which coverage class the UE has measured or selected. We consider this procedure can be also applicable to NB-IoT. 
Suggestion 2: CE level indication method used in eMTC via PRACH transmission can be applicable to NB-IoT. 
2.2.2. CE level detection

In eMTC, a UE determines its PRACH resource based on the measurement. Whether the similar mechanism can be used for NB-IoT may require further study on whether the measurement accuracy is sufficient to determine different coverage class resource. Another approach is to consider that a UE always starts with the lowest coverage class PRACH transmission, and determines its coverage class upon receiving a successful RAR. The second approach can easily be implemented even without measurement, but may cause high latency. We can reduce the latency and save resource with UE measurement-based detection.
Similar to eMTC, it would be good to utilize UE measurement as long as it can be used to determine coverage class. For NB-IoT, the procedure of measurement first needs to be clarified as the existing mechanism may not directly applicable. Then, further clarification and understanding on the measurement performance is necessary. Given that UEs are assumed as nearly static for NB-IoT, our general preference is to use blind search starting from the lowest initially and use the history of coverage class (which was used for successful RACH procedure before). 
There occurs an issue related to the notification to eNB when the CE level is changed. If UE is in RRC_CONNECTED mode, the network may be able to infer the coverage class change from data transmission/reception. Also, if any measurement is supported, via the measurement reports, the network may be able to determine the coverage level change. If UE is in RRC_IDLE mode, it receives paging intermittently from eNB and should conduct PRACH transmission in order to notify the change of the CE level to eNB. Then, it can be burdensome if UE sends the notification of CE level change whenever it changes. Furthermore, as discussed earlier, the measurement accuracy to determine correct coverage class by a UE is not clear. Thus, generally, the notification of coverage level change in RRC_IDLE mode seems not necessary. 

In terms of paging, we consider the similar mechanism used in eMTC can be applied to NB-IoT as well. From a UE perspective, it may not assume that which repetition level that the network would use for paging transmission. Thus, it may need to monitor possibly multiple repetition levels. 

Suggestion 3: Further study is necessary for CE level detection including whether to support measurement, how to support measurement, and the performance of the measurement procedure.
Suggestion 4: In terms of paging repetition level, similar mechanism to eMTC can also be used for NB-IoT. A NB-IoT UE may need to monitor multiple repetition levels.

3. Conclusion
In this contribution, we discussed some issues related to random access procedure and coverage enhancement level in NB-IoT.
Suggestion 1: FDM, TDM and CDM are considered for PRACH resource multiplexing for UEs. Among different coverage class, consider both FDM and TDM.

Suggestion 2: CE level indication method used in eMTC via PRACH transmission can be applicable to NB-IoT.
Suggestion 3: Further study is necessary for CE level detection including whether to support measurement, how to support measurement, and the performance of the measurement procedure.

Suggestion 4: In terms of paging repetition level, similar mechanism to eMTC can also be used for NB-IoT. A NB-IoT UE may need to monitor multiple repetition levels.
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