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Introduction
In this contribution, we consider NB-PRACH design for NB-IoT.
2

NB-PRACH
For NB-PRACH, we consider the design for Format 0 from [1] as the baseline. This design is similar to legacy PRACH design and has been shown to work well in the presence of frequency offset. The design can accommodate cell size of up to 60 km.
Table 1. NB-PRACH format.
	NB-PRACH Format
	CP
	Preamble
	Subcarrier spacing

	0
	0.4
	3.2
	312.5 Hz


One issue to consider is the bandwidth of the NB-PRACH. In [1], bandwidth of 80 kHz was proposed. This results in a sequence length of 256 which could be constructed using Zadoff-Chu sequence of length 251. An alternative design is to use bandwidth of 40 kHz, corresponding to a sequence length of 128 which could be constructed using Zadoff-Chu sequence of length 127. The advantage of using a 40 kHz bandwidth is that NB-PRACH resource sets could be multiplexed in frequency while still leaving room for data transmission. Another benefit would be the possibility to deploy NB-PRACH with frequency reuse greater than 2. However, smaller PRACH bandwidth would require more Zadoff-Chu root sequences to be used in the cell to support the same number of PRACH preambles per random access opportunity. This increases eNB complexity and may also impact performance as the sequences are not orthogonal. Based on the analysis of random access load in [2], however, it is shown that for each PRACH opportunity, there is less than one preamble to be received at the eNB. This is based on mean number of reports per second (mean arrival rate) of 6.13 using MTC capacity target of 52547 devices within a cell site sector and traffic model from [3]. In this case, it would be better to support NB-PRACH bandwidth of 40 kHz to allow for more efficient frequency-domain multiplexing of NB-PRACH. 

NB-PRACH Format 0 has been shown to work well in normal coverage (i.e. up to 144dB MCL) [1]. For enhanced coverage, it should be sufficient to use repetition of NB-PRACH Format 0. In [2], another NB-PRACH format using a single-tone is also proposed for UEs in extreme coverage. However, with single-tone NB-PRACH, different preambles will use different tones. This significantly increases eNB processing as it has to process multiple tones simultaneously. Thus, single-tone NB-PRACH is not preferred.
Proposal 1: Support only one NB-PRACH format (Format 0) with 312.5 Hz subcarrier spacing, 40 kHz bandwidth, 0.4ms CP and 3.2ms sequence.
With 40 kHz NB-PRACH bandwidth, a sequence length of 128 is used which could be constructed using Zadoff-Chu sequence of length 127. Using Zadoff-Chu sequence is beneficial since multiple preambles can be constructed using cyclic shifts of a root sequence. This allows for efficient receiver processing of the NB-PRACH. In addition, multiple cyclic shift values can be specified based on the intended cell sizes. Thus, it is proposed to use Zadoff-Chu sequence for NB-PRACH.
Proposal 2: Use Zadoff-Chu sequence for NB-PRACH. 
For enhanced coverage, repetitions would be needed. In [3], the target coverage levels are 144, 154, and 164 dB MCL. Therefore, three different NB-PRACH coverage levels should be supported. However, it should be up to the network to configure the appropriate coverage level for each PRACH resource set. For instance, if the network supports only up to 154 dB MCL, it can configure 2 NB-PRACH resource sets. Alternately, it can still configure 3 levels – e.g. 144, 149, 154 dB MCL. The network should have the flexibility to configure the NB-PRACH resource sets. In addition, the resource sets can be separately configured by the network to allow for TDM, FDM and CDM of NB-PRACH coverage levels.
Proposal 3: Support up to three different NB-PRACH coverage levels (i.e. resource sets) in the cell. The resource sets are separately configured by the network. 
With respect to repetition, two methods are possible –
· Repetition is continuous in time with only the preamble repeated.

· The entire NB-PRACH Format 0 is repeated (including CP and GT) 

Repeating only the preamble is more efficient. However, it requires continuous transmission which may block other uplink transmissions. Furthermore, it would be harder to manage different number of repetitions as the length of the NB-PRACH would vary based on the number of repetitions. As a result, it would be hard to manage different NB-PRACH configurations. Repeating the entire NB-PRACH transmission would mean that the repetition can be discontinuous and can be done based on a preconfigured time index. Each NB-PRACH opportunity will thus be only 4ms long and the UE can transmit multiple copies based on the number of repetitions configured by the eNB. This type of transmission can also provide some time diversity gain if the configured time index is sufficiently spread out in time. Further, different number of repetitions can be easily accommodated. Thus, it is proposed that repetition is done by repeating the entire NB-PRACH format as shown in Figure 1.
Proposal 4: When NB-PRACH repetition is used, the entire NB-PRACH transmission (CP + preamble + GT) is repeated.

Note that NB-PRACH collision probability analysis from [1] shows that approximately 2 NB-PRACH opportunities per 1280ms are needed for UEs in [144dB 154dB] MCL coverage class to keep collision probability at 0.019%. This represents NB-PRACH overhead of 2.7% for this case. Therefore, even if the repetition is not very efficient, there would be little impact to system capacity.
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Figure 1. Example of NB-PRACH repetition for coverage enhancement.
The NB-PRACH resource set configuration can be given by the following fields – time configuration index, frequency index, preamble group, number of repetitions and starting subframe. The time configuration index is similar to the prach-ConfigurationIndex parameter used in legacy LTE. It provides system frame number and the subframe number for the start of the NB-PRACH transmission. Frequency index would give the frequency location of the NB-PRACH within the NB-IoT channel. The preamble group would indicate the available preambles. The starting subframe would indicate the starting point of the transmission of the NB-PRACH. It can be used, e.g. to multiplex different NB-PRACH coverage levels in the time domain.
Proposal 5: NB-PRACH resource set configuration is given by the following parameters - time configuration index, frequency index, preamble group, number of repetitions, and starting subframe.
3
Conclusion
In this contribution, we consider NB-PRACH design for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: Support only one NB-PRACH format (Format 0) with 312.5 Hz subcarrier spacing, 40 kHz bandwidth, 0.4ms CP and 3.2ms sequence.
Proposal 2: Use Zadoff-Chu sequence for NB-PRACH. 
Proposal 3: Support up to three different NB-PRACH coverage levels (i.e. resource sets) in the cell. The resource sets are separately configured by the network. 
Proposal 4: When NB-PRACH repetition is used, the entire NB-PRACH transmission (CP + preamble + GT) is repeated.
Proposal 5: NB-PRACH resource set configuration is given by the following parameters - time configuration index, frequency index, preamble group, number of repetitions, and starting subframe.
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