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1. Introduction
In RAN 1 #83, the following agreements were made regarding the uplink numerology and the support of TDD operation [1].
Agreements:
· Proposal for NB-IoT UL
· Single-tone transmissions are supported
· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz
· A cyclic prefix is inserted
· Frequency domain Sinc pulse shaping in the physical layer description
· Multi-tone transmissions are supported
· Multi-tone transmissions are based on SC-FDMA
· 15 kHz UL subcarrier spacing

· NB-IoT in Rel-13 supports at least the necessary forward compatibility to support TDD
· FFS which TDD configurations are to be prioritized; companies are encouraged to check further until the next meeting.

In this contribution, we discuss on the physical random access channel (PRACH) design for NB-IoT, which is denoted as NB-PRACH, and issues related to the aforementioned agreements.
2. Considerations on PRACH design
Certain constraints and challenges need to be carefully considered when designing NB-PRACH. For example, NB-IoT systems set a goal upon providing forward compatibility for the support of TDD operation, which bounds the number of consecutive uplink subframes, and upon supporting a large cell coverage, i.e. up to 35 km. 
Shorter NB-PRACH preamble format provides better flexibility to fit into the uplink subframe structure of TDD operation. Therefore, in order to provide forward compatibility of supporting TDD operation, at least one NB-PRACH format should be designed to fit into all TDD configurations, for example the maximum length of the preamble format less than 1.07 ms, i.e. UpPTS (special subframe configuration 0~4) + 1 UL subframe (TDD configuration 5) in [3].
In order to support the large round trip delay, a large cyclic prefix (CP), e.g. 250 us for the cell radius 35 km, is required and thus makes the NB-PRACH preamble format relatively longer. However, utilizing a fixed CP, which is long enough to support large cells, might not be efficient especially when the cell size or preamble sequence is relatively small compared to the CP length. Therefore as similar to the means of PRACH format 0~3 in legacy LTE systems [3], NB-PRACH needs to support two or more CP lengths, which are configured according to the cell radius, e.g. 100 us for below 14 km and 250 us for between 14 km to 35 km.

Proposal 1. In order to provide forward compatibility of supporting TDD operation, at least one NB-PRACH preamble format should be designed to fit into all TDD configurations.
Proposal 2. NB-PRACH needs to support two or more CP lengths, as similar to the means of the PRACH formats in legacy LTE systems.

In NB-IoT systems, it is assumed that there are three coverage classes with different MCL targets [2] and repetition of NB-PRACH preamble is required in order to enhance the coverage. Thus, NB-PRACH preamble can be repeated within one or multiple transmission time intervals (TTI) to satisfy the MCL targets.
However, this smallest scheduling interval is anticipated to be longer, e.g. 6 subframes, than that of the legacy LTE systems due to the narrowband transmission. Moreover, RAN1 agreed to support two different uplink numerologies, i.e. 3.75 kHz and 15 kHz subcarrier spacing, for the single-tone transmission. Thus, the TTI for uplink channel might differ according to the uplink numerology. Therefore, the number of repetition of NB-PRACH preamble should be carefully designed considering the following factors: 
· Transmission time interval (TTI) of uplink channel
· Coverage class and the target MCL

Observation 1: The number of repetition of NB-PRACH preamble should be carefully designed considering the following factors: 
· Transmission time interval (TTI) of uplink channel
· Coverage class and the target MCL

In the case of repetition of NB-PRACH preamble, CP and guard time (GT) are also repeated. This overhead increases as the repetition number of NB-PRACH preamble increases and reduces NB-PRACH resource utilization. Therefore, in the case of repetition for coverage enhancement, it is desirable to consider a preamble format which reduces CP and/or GT overhead. For example, when NB-PRACH preamble is consecutively repeated, the NB-PRACH preamble format can reduce the CP and GT overhead by removing the redundant CPs and GTs as illustrated in Figure 1.


[bookmark: _Ref440357581]Figure 1. Example of repetition for NB-PRACH

Proposal 3. In the case of repetition for coverage enhancement, it is desirable to consider a NB-PRACH preamble format which has low CP and/or GT overhead.

The main objective of random access is to achieve uplink synchronization and therefore to maintain the uplink orthogonality of NB-IoT systems. However, the granularity of time of arrival estimation, which is calculated by dividing the preamble sequence duration by the length of ZC-sequence, limits the performance of time of arrival estimation. As seen in Table 1, for the case of NB-PRACH bandwidth 180 kHz and subcarrier spacing 1.25 kHz, the granularity of time of arrival estimation is 6.3 us which denotes that the estimation error of a successful detection would range from -3.15 to 3.15 us. This is important when designing NB-PRACH because the granularity of time of arrival estimation should be small enough in order for the estimation error to be bounded within the CP length.

[bookmark: _Ref440314710]Table 1. The granularity for time of arrival estimation
	
	NB-PRACH bandwidth: 
180 kHz
	NB-PRACH bandwidth: 
90 kHz

	Subcarrier spacing (Hz)
	1250
	312.5
	1250
	312.5

	Preamble sequence duration (ms)
	0.8
	3.2
	0.8
	3.2

	ZC-sequence length
	127
	509
	61
	257

	Timing estimation 
granularity (us)
	6.3
	6.29
	13.11
	12.45


In the view of multiplexing NB-PRACH resource with NB-PUSCH resource, small bandwidth for NB-PRACH would be preferable. However, as illustrated in the table, the granularity of time of arrival estimation primarily depends on the bandwidth of NB-PRACH, where the small difference from the subcarrier spacing is due to the selection of the prime number for the ZC-sequence length. Therefore, considering the uplink numerology of 15 kHz subcarrier spacing and corresponding normal CP length, the bandwidth of NB-PRACH should be carefully designed considering the effect on the time of arrival estimation performance.

Proposal 4. The bandwidth of NB-PRACH should be carefully designed considering the effect on the time of arrival estimation performance.
3. Conclusions

[bookmark: _GoBack]In this contribution, we discussed some design issues related to NB-PRACH and consideration points regarding the uplink numerology and forward compatibility for TDD operation.
Proposal 1. In order to provide forward compatibility of supporting TDD operation, at least one NB-PRACH preamble format should be designed to fit into all TDD configurations.
Proposal 2. NB-PRACH needs to support two or more CP lengths, as similar to the means of the PRACH formats in legacy LTE systems.
Proposal 3. In the case of repetition for coverage enhancement, it is desirable to consider a NB-PRACH preamble format which has low CP and/or GT overhead.
Proposal 4. The bandwidth of NB-PRACH should be carefully designed considering the effect on the time of arrival estimation performance.
Observation 1: The number of repetition of NB-PRACH preamble should be carefully designed considering the following factors: 
· Transmission time interval (TTI) of uplink channel
· Coverage class and the target MCL
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