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1
Introduction
In RAN1#84, it was agreed that –

· PRACH scheme is based on single-tone transmission.
· NB-PRACH uses a subcarrier spacing of 3.75kHz 

· 2 CP lengths are provided to support different cell sizes

· 66.7 us and 266.7 us

· Hopping is between groups of symbols

· For CP length of 266.7 us, a group is defined as 5 symbols and one CP of length of 266.7 us

· For CP length of 66.7 us, a group is defined as 5 symbols and one CP of length of 66.7 us 

· Details of hopping:

· First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups

· Second level 6-subcarrier hopping is used between 2nd/3rd symbol groups

· Pseudo-random hopping is used between repetitions of groups of 4 symbol groups:

· Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping

· eMTC search space scheme is reused for Msg3 retransmission and Msg4 transmission.

· The following numbers of NB-PRACH repetitions are provided in the specifications:  

· {1, 2, 4, 8, 16, 32, 64, 128}

· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set

In this contribution, we consider remaining issues for NB-PRACH design and configuration.
2
NB-PRACH
One transmission of NB-PRACH consists of four groups of symbols, with each group made up of 5 symbols and one CP. Thus, within one NB-PRACH transmission there are 20 symbols available and it remains to be determined how the preamble sequence is constructed for these symbols. Several options are possible –
· The same symbol is used for all NB-PRACH transmission. In this case, the PAPR of ~0dB can be achieved and phase continuity can be maintained across symbol groups. However, there is no interference randomization, and this might be an issue if e.g. the NB-PRACHs from nearby cells overlap in time and frequency. However, typically the NB-PRACH is provisioned such that the collision probability is low (e.g. 1%). As a result, typically there will be only a small number of preambles per random access opportunity, and UE will pick preamble randomly. Furthermore, eNB has a choice of time-frequency locations to avoid NB-PRACH overlap. Therefore, the probability that there would be preamble collision across cells may be quite small. However, in case of inter-cell collision, performance may degrade substantially.
· A preamble sequence is used for NB-PRACH transmission. For example, a random sequence of length 20 can be used together with /2-BPSK modulation. The random sequence can be based on the LTE scrambling sequence and initialized based on PCID. This provides some interference randomization while only increasing PAPR marginally. However, phase continuity across symbol groups cannot be guaranteed and this will degrade performance.
· The same preamble sequence is used in each group of symbols. For example, a random sequence of length 5 can be used together with /2-BPSK modulation. In this case, phase continuity across symbol groups is assured and PAPR can also remain close to zero. Some interference randomization would be provided.
Considering that the probability that there would be preamble collision across cells may be quite small, it is not necessary to introduce long preamble sequence for interference randomization. However, some randomization would be beneficial since, in case of inter-cell collision, performance may degrade substantially. Therefore, it is proposed that the same preamble sequence is used in each group of symbols and modulated using /2-BPSK modulation. This is illustrated in Figure 1. 
Proposal 1: Preamble uses a random sequence that is initialized by PCID and starting subframe, and modulated using /2-BPSK modulation. The same preamble sequence is used across groups of symbols.
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Figure 1. Preamble sequence transmission for NB-PRACH.
The NB-PRACH resource set configuration can be given by the following fields – starting subframe, periodicity, number of repetitions, frequency offset, number of preambles (tones), and preamble groups. The starting subframe would indicate the starting point of the transmission of the NB-PRACH (e.g. using frame and subframe index). The periodicity will provide the time offset between subsequent NB-PRACHs. It can be used, e.g. to multiplex different NB-PRACH coverage levels in the time domain. Frequency index would give the frequency location of the NB-PRACH within the NB-IoT channel. The hopping distance will indicate the hopping step size in tones. The number of preambles (tones) would indicate the available tones to be used by the PRACH. 
Proposal 2: NB-PRACH resource set configuration is given by the following parameters – starting subframe, periodicity, number of repetitions, frequency offset, number of preambles (tones), and preamble group for multi-tone Msg3 capability indication.
Table 1 lists the parameters for NB-PRACH resource set configuration.
Table 1. NB-PRACH resource set configuration.
	Field
	Size
	Values

	Starting subframe offset
	2 bits
	0, 1, 2, 3

	Periodicity
	3 bits
	40, 80, 160, 240, 320, 640, 1280, 2560 ms

	Number of repetitions
	3 bits
	1, 2, 4, 8, 16, 32, 64, 128

	Frequency offset
	2 bits
	0, 3, 6, 9

	Number of preambles
	2 bits
	12, 24, 36, 48

	Preamble group for multi-tone Msg3 capability indication (optional)
	2 bits
	1/6, 1/3, 1/2, 2/3


Detailed description of the fields is provided below –

· Starting subframe offset: This field provides the starting subframe offset based on the number of repetitions and periodicity. The starting subframe of the NB-PRACH is given by [(SFN * 10) + subframe number] modulo periodicity = (starting subframe offset*number of repetition) modulo periodicity. 
· Periodicity: This field provides the periodicity in milliseconds.
· Number of repetitions: This field provides the number of repetitions of the preamble groups.
· Frequency offset: This field provides the frequency offset relative to the start of the PRB and is in unit of 15kHz subcarriers.
· Number of preambles: This field provides the number of preambles (tones) available for NB-PRACH.
· Preamble group for multi-tone Msg3 capability indication: The field for multi-tone Msg3 is optional and comprised of 2 bits. The values are {1/6, 1/3, 1/2, 2/3} which indicates the fraction of the total number of preambles that can be reserved for indication of multi-tone Msg3 capability.
3
Conclusion
In this contribution, we consider NB-PRACH and make the following proposals –

Proposal 1: Preamble uses a random sequence that is initialized by PCID and starting subframe, and modulated using /2-BPSK modulation. The same preamble sequence is used across groups of symbols.
Proposal 2: NB-PRACH resource set configuration is given by the following parameters – starting subframe, periodicity, number of repetitions, frequency offset, number of preambles (tones), and preamble group for multi-tone Msg3 capability indication.
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