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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 Frequency Division Multiplexing/Time Division Multiplexing
In 3GPP TR 45.820 [1], M-PRACH design for NB-LTE consists of one PRACH area within system bandwidth and 64 PRACH preambles are assumed. It has been proposed to configure different PRACH resources in TDM manner [2]. Though TDM can be considered, generally, TDM may increase the latency to acquire PRACH resource. Particularly, for UEs with large coverage enhancements, it may take a long time till the next available PRACH resource. In that regards, FDM among different coverage class on PRACH resources can be considered. This approach may also allow higher multiplexing capacity potentially by extending the duration of PRACH transmission. When there are more than one PRACH resources in one subframe, a UE can choose one of them randomly or it may be further considered to assign each resource to different coverage class or between initial and retransmission of PRACH or between MAR periodic trigger and MAR aperiodic trigger. 
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Figure 1: Example of two PRACH region for NB-IoT
In general, the repetition number required per each coverage class is different. Thus, alignment of PRACH resources among different coverage class could be necessary. One approach is to allocate more PRACH resources to low coverage class UEs (as the population of such UEs is expected to be higher). Another approach is to allow multiplexing PUSCH and PRACH in the same subframe. For example, if one PRACH resource region is not reserved for PRACH, it can be used for PUSCH instead. Overall, allowing more than one PRACH resource in one subframe can provide flexibility of resource sharing. 
Similar to LTE-MTC, we think both FDM and TDM can be supported for PRACH resource multiplexing. It is also noted that FDM not only within a narrowband but also among different narrowbands if the system provides multiple narrowbands can be considered. 
Suggestion 1: Both FDM and TDM are considered for PRACH resource multiplexing for UEs.
2.2. PRACH format considering TDD
If in-band operation in TDD-LTE system is considered, we can introduce a new PRACH format for NB-IoT. In the Annex A (Deployment scenarios for Cellular IoT) in [1], it reads that Cellular IoT can support a cell radius of 35 km. Regarding the target cell radius and practical value of maximum delay spread, the minimum required duration of cyclic prefix and guard time for PRACH transmission need to be larger than 250 usec. Depending on subcarrier spacing for PRACH transmission, TTI (transmission time interval) can exceed the duration of one subframe in legacy LTE system. Considering coexistence with legacy TDD system and the possible number of consecutive UL subfrmaes, TTI of PRACH for NB-IoT need to be less than 3msec. If TTI of PRACH is larger than 3msec, it is not possible to support in-band operation of NB-IoT with leagacy TDD system. 
There are two approaches to resolve this issue. One is changing the target cell radius to reduce the duration of CP and/or GT for PRACH transmission. Alternatively, it can be considered to design preamble sequence to satisfy the TTI of PRACH transmission is smaller than the duration of consecutive UL subframes in legacy LTE TDD system. For example, if we assume that subcarrier spacing for PRACH transmission is 1.25 kHz, then the duration of preamble sequence for PRACH transmission is 0.8msec. Considering 35 km and practical value of target maximum delay spread, the required duration for PRACH segment is 1.3 msec including Cyclic Prefix (CP) and Guard Time (GT). In this case, at least for TDD UL-DL configuration where the duration of consecutive UL subframe is 2 or 3 can be supported by this new PRACH structure. Then, if the duration of NB-IoT subframe (so-called M-subframe) is set to be 6 msec and that of NB-IoT slot (so-called M-slot) is 3 msec, then the candidate positions of transmitting PRACH can be positioned at the start or end of each M-slot as shown in Figure 2. Considering the operation of legacy TDD-LTE system, however, only one of candidate positions which is aligned with consecutive UL configuration in legacy TDD-LTE system would be valid for PRACH transmission in NB-IoT. 
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Figure 2: Example of candidate position of transmitting PRACH for NB-IoT
Suggestion 2: New PRACH format which can be accommodated in legacy TDD DL/UL configuration should be considered for NB-IoT if TDD is supported for inband scenarios.
3. Conclusion
In this contribution, we discussed some issues related to PRACH structure for NB-IoT considering FDM/TDM and PRACH format considering legacy TDD in NB-IoT.
Suggestion 1: Both FDM and TDM are considered for PRACH resource multiplexing for UEs.
Suggestion 2: New PRACH format which can be accommodated in legacy TDD DL/UL configuration should be considered for NB-IoT if TDD is supported for inband scenarios.
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