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1. Introduction
[bookmark: _GoBack]This contribution discuss on random access design depending on different coverage enhancement target in NB-IoT. In particular, we discuss on M-PRACH resource configuration and the effects of different subcarrier spacing on M-PRACH preamble format for NB-IoT. In this contribution, M-PRACH corresponds to PRACH for NB-IoT.

2. Considerations on random access design
It is assumed that there are at least 3 different coverage classes for M-PRACH transmission in NB-IoT. Coverage class 0 corresponds to the MCL target of 144 dB with no or small coverage enhancement, coverage class 1 to the MCL target of 154 dB with medium coverage enhancement, and coverage class 2 to the MCL target of 164 dB with large coverage enhancement.
Assumption 1. It is assumed that there are at least 3 different coverage classes for M-PRACH transmission in NB-IoT.

2.1.  M-PRACH resource configuration
The concurrent M-PRACH transmission of multiple NB-IoT devices may cause the near-far effect which can lead to large variations in the M-PRACH power level received in eNB from each NB-IoT device and this problem gets worse in the concurrent M-PRACH transmission of NB-IoT devices in different coverage classes. To alleviate this problem, power ramping should be applied to M-PRACH for at least coverage class 0 and 1,  and one coverage class should be mapped to one M-PRACH resource set which is separately configured by  different time resources and/or different frequency resources. The configuration parameters for each M-PRACH resource set should include at least the followings.
· M-PRACH preamble transmission timing 
· Location of M-PRACH transmission in frequency domain
· Sequence index 
· Cyclic shift
For NB-IoT devices in coverage class 0 and 1, M-PRACH resource sets should be multiplexed in time domain with different preamble formats achieving different MCL targets. Then, eNB can differentiate NB-IoT devices depending on preamble formats and determine the coverage class for RAR transmission. Therefore, one RAR corresponds to the NB-IoT devices in the same coverage class.
On the other hand, in case of time multiplexing of M-PRACH resource sets for the coverage class 2 and for other coverage classes, the long duration of M-PRACH resource set for the coverage class 2 may reduce opportunity to transmit M-PRACH for NB-IoT devices in other coverage classes. In order to meet the performance objectives for latency as well as capacity [1], M-PRACH resource sets for NB-IoT devices in coverage class 2 and other coverage classes should be multiplexed in frequency domain other than time domain. Thus, M-PRACH resource sets can be frequency multiplexed depending on coverage classes.

Proposal1. Power ramping should be applied to M-PRACH for at least coverage class 0 and 1.
Proposal 2. M-PRACH resource sets for NB-IoT devices in coverage class 2 and other coverage classes should be multiplexed in frequency domain.

2.2.  Effects of Subcarrier Spacing on M-PRACH Design
The subcarrier spacing for M-PUSCH must be an inter multiple of the subcarrier spacing for M-PRACH in order to ensure the orthogonality between M-PRACH and M-PUSCH subcarriers and the simplicity of SC-FDMA signal generation. In other words, the preamble duration is an integer multiple of the uplink symbol duration. Also, it is required for M-PRACH segment, which is a basic unit of the preamble, to include enough duration for cyclic prefix (CP) and guard time (GT) so as to cover the maximum round-trip delay and the maximum delay spread. M-PRACH segment is repeated for coverage enhancement, i.e. coverage class 1 and 2. With constraints as mentioned above, table 1 compares the minimum length of M-PRACH segment and possible M-PRACH resource unit for repetitions of M-PRACH segment which fits within the uplink frame structure of NB-IoT according to different subcarrier spacing.
[bookmark: _Ref434519557][bookmark: _Ref434519552]Table 1. Preamble sequence duration for different subcarrier spacing
	Subcarrier spacing
(Hz)
	Sequence duration
(ms)
	Cell radius ~ 35 km

	
	
	Minimum M-PRACH 
segment length
(ms)
	Possible M-PRACH resource unit

	312.5
	3.2
	3.68
	3 M-PRACH segments 
in 2 M-subframes

	500
	2.0
	2.48
	2 M-PRACH segments 
in 1 M-subframe

	625
	1.6
	2.08
	2 M-PRACH segments 
in 1 M-subframe

	1250
	0.8
	1.28
	2 M-PRACH segments 
in 1 M-slot



As the subcarrier spacing gets smaller, the length of ZC sequence becomes longer within a given bandwidth for M-PRACH resource Longer ZC sequence is preferable due to larger set of orthogonal preambles. However, as illustrated in Figure 1, longer symbol duration might require a longer M-PRACH resource unit for repetition and therefore reduce the flexibility to fit into the uplink subframe structure when designing the M-PRACH preamble formats. For example, two consecutive M-subframes are needed for three M-PRACH segments with the subcarrier spacing of 312.5 Hz, while two M-PRACH segments can fit into one M-slot with the subcarrier spacing of 1250 Hz. 
Especially, the former M-PRACH design might not be inapplicable for LTE in-band operation with TDD mode because the transmission time interval exceeds the duration of consecutive uplink subframes as mentioned in [2]. Hence, larger subcarrier spacing provides better flexibility to fit M-PRACH resource into the uplink frame structure.
[image: ]
Figure 1. Illustration of Possible M-PRACH Resource Unit

On the other hand, for the target cell radius, the preamble format with shorter sequence duration has large CP and GT overhead, which corresponds to a larger portion of M-PRACH segment. This overhead increases as the repetition number of M-PRACH segment increases and reduces M-PRACH resource utilization. Therefore, in the case of repetition for coverage enhancement, it is desirable to consider a new preamble format which has low CP and/or GT overhead.

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

3. Conclusions

In this contribution, we discussed some issues related to M-PRACH resource configuration and the effects of different subcarrier spacing on M-PRACH preamble format for NB-IoT.
Assumption 1. It is assumed that there are at least 3 different coverage classes for M-PRACH transmission in NB-IoT.
Proposal 1. Power ramping should be applied to M-PRACH for at least coverage class 0 and 1.
Proposal 2. M-PRACH resource sets for NB-IoT devices in coverage class 2 and other coverage classes should be multiplexed in frequency domain.
Proposal 3. In the case of repetition for coverage enhancement, it is desirable to consider a new preamble format which has low CP and/or GT overhead.
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