
3GPP TSG-RAN WG1 Meeting #84
R1-160457
St. Julian’s, Malta, 15th – 19th February 2016
Agenda item:

7.2.1.2.2
Source:
Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
NB-PRACH design for NB-IoT
Document for:

Discussion and Decision
1
Introduction
In the NB-IoT adhoc, it was agreed that –

· Use only preamble based PRACH for NB-IoT

· Support one PRACH scheme for all MCL cases

· [Working assumption] PRACH scheme is based on single-tone transmission
In this contribution, we provide further NB-PRACH design.
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NB-PRACH
In the NB-IoT adhoc, a working assumption was made that the PRACH scheme is based on single-tone transmission. The key reason for this decision was that single-tone transmission has been shown to work at 164dB MCL. In addition, single-tone transmission can provide constant-envelope transmission with 0dB PAPR, thus improving coverage (or, equivalently, lowering power consumption) with respect to muti-tone NB-PRACH. Furthermore, since some UEs may support only single-tone transmission, it was claimed that supporting only single-tone transmission on the NB-PRACH would lead to lower UE complexity. Based on these reasons, it is therefore proposed to confirm the working assumption that PRACH scheme is based on single-tone transmission. 
Proposal 1: Confirm the working assumption that PRACH scheme is based on single-tone transmission.
For NB-PRACH, we consider the single-tone PRACH as the baseline. With respect to single-tone PRACH design, subcarrier spacing is an important design.  The choice of subcarrier spacing determines the maximum cell size and impacts timing estimation accuracy and sensitivity to uplink carrier offset. In addition, it can also impact e.g. TDD support. In NB-IoT, two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. To allow efficient implementation at both the UE and eNB, the single-tone NB-PRACH should also support both of these subcarrier spacings. The key differences between the two subcarrier spacings are –
· The 15 kHz subcarrier spacing may provide better timing estimation accuracy, less sensitivity to uplink carrier offset, and shorter symbol length to allow better compatibility with TDD. In addition, since the NB-PRACH will be shorter in time, more NB-PRACH opportunities can be provided in time which may reduce overall latency. However, the maximum cell size is limited to approximately 10km.
· The 3.75 kHz subcarrier spacing provides more preambles in frequency (although the symbol length is proportionally longer) and performs better in extreme condition (i.e. 164dB MCL). The maximum cell size is approximately 40km. However, timing estimation may not be as good and performance may be more susceptible to uplink carrier offset.
Currently, it is expected the NB-IoT design will support cell size of up to 35 km [1]. However, in many cases (e.g. in-band deployment using existing cell sites), it is expected that the cell size will be less than 10km even if partial deployment of NB-IoT is considered. Furthermore, based on eMTC link budget analysis, it is seen that 1ms PRACH is sufficient for coverage up to 144 dB MCL. This 1ms PRACH is also well suited for future TDD support and is best supported using 15 kHz subcarrier spacing. From the analysis in [2], it is seen that close to 90% of the UEs have MCL less than 144 dB MCL. Thus, 1ms PRACH using 15 kHz subcarrier spacing would be a good choice. On the other hand, for very large cell size, 3.75 kHz PRACH is a better choice due to lower overhead. Therefore, it is proposed that two NB-PRACH formats are defined with 15 kHz and 3.75 kHz subcarrier spacings.
Proposal 2: Support two NB-PRACH single-tone formats – Format 0 with 15 kHz subcarrier spacing and Format 1 with 3.75 kHz subcarrier spacing.
Table 1 lists the two NB-PRACH formats including CP and preamble length per slot. Each PRACH format will consist of two slots due to the use of frequency hopping as shown in Figure 1. Thus, for example, Format 0 will occupy at a minimum 1ms allocation (including guard time of 0.67 us). Format 1 will occupy a minimum of 4ms (including 266.67 us of guard time) when repetition is not used.
Table 1. NB-PRACH formats.
	NB-PRACH Format
	CP (us)

(per slot)
	Preamble (us)

(per slot)
	Subcarrier spacing
	Max cell size (km)

	0
	0.67
	6*0.67
	15 kHz
	10

	1
	266.67
	6*266.67
	3.75 kHz
	40


For enhanced coverage, repetitions would be needed which can be implemented as shown in Figure 1. The number of repetitions can be indicated by the eNB. Note that the appropriate guard time can be handled by appropriate scheduling at the eNB.
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Figure 1. Example of NB-PRACH Format 0.
The NB-PRACH resource set configuration can be given by the following fields – PRACH format, starting subframe, periodicity, number of repetitions, frequency offset, number of preambles (tones), and hopping distance (in tones). 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 tones would indicate the available tones to be used by the PRACH. 
Proposal 3: NB-PRACH resource set configuration is given by the following parameters – PRACH format, starting subframe, periodicity, number of repetitions, frequency offset, hopping distance (in tones), and number of preambles (tones).

Figure 2 shows some example hopping patterns where the NB-PRACH hopping region is confined to same frequency region despite frequency hopping. In this case, the hopping pattern is dependent on the frequency hopping step size as well as the number of tones used. For instance, frequency hopping is either up or down depending on the tone location. Alternately, the NB-PRACH region may hop from one frequency location to the other. This simplifies the hopping pattern but will result in NB-PUSCH fragmentation. To avoid resource fragmentation, it is preferred that the NB-PRACH is confined to the same frequency region when possible.
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Figure 2. Example hopping patterns.
In [1], 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 flexible multiplexing of different coverage levels.
Proposal 4: 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. 
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Conclusion
In this contribution, we consider NB-PRACH design for NB-IoT. Based on our analysis, we make the following proposals –

Proposal 1: Confirm the working assumption that PRACH scheme is based on single-tone transmission.
Proposal 2: Support two NB-PRACH single-tone formats – Format 0 with 15 kHz subcarrier spacing and Format 1 with 3.75 kHz subcarrier spacing.
Proposal 3: NB-PRACH resource set configuration is given by the following parameters – PRACH format, starting subframe, periodicity, number of repetitions, frequency offset, hopping distance (in tones), and number of preambles (tones). 
Proposal 4: 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.  
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