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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) (see [1]). A narrow band OFDMA based solution is proposed in [2] and a high level description of the Random Access Channel was provided in that document. This document expands on the description of the random access channel and provides performance evaluation.  
2 Physical Random Access Channel 

Physical Random Access Channel (PRACH) is used by a UE to request dedicated resources for uplink/downlink data transfer. The basic structure for PRACH is shown in Figure 1. A UE must have acquired timing and frequency synchronization before accessing a base station. The random access process is based on a segmented ALOHA procedure, where PRACH transmission must occur within one of the PRACH segment defined within the first 24 extended slots of a frame. Each PRACH segment conveys 24 bits as defined in [2]. A PRACH segment occupies one tone at a time and lasts an even number of slots. 
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Figure 1 Physical PRACH channel mapping
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Figure 2 Extended slot
2.1 Detailed description

Within the first 24 extended slots, 0, 1, …, 23, frequency hopping of g tones occurs at the beginning of each odd-numbered slot, and random frequency hopping occurs at the beginning of each even-numbered slot. The hopping with fixed step size of g tones helps the base station to measure uplink time-of-arrival. The random hopping creates frequency diversity and reduces inter-cell interference. Let the random frequency hopping sequence be f0, f1, …, f11 within the first 12 extended slots, a tone resource unit with index f0 consists of tones f0 f0+g f1 f1+g, …,f11+g (mod 80) in slot 0, 1, …11, respectively. At least one tone resource unit must be assigned to PRACH. 

There are a total of 4 different PRACH segment sizes, each of them corresponding to a modulation and coding scheme (MCS), as listed in Table 1. Based on its path loss, a UE chooses an MCS and one of the corresponding PRACH segments for its random access.

Table 1 PRACH modulation and coding

	Modulation and Coding Scheme (MCS)
	1
	2
	3
	4

	
	QPSK, 3/5
	BPSK, 3/5
	BPSK, 2/5
	BPSK, 1/5

	Number of slots for a PRACH segment
	2
	4
	6
	12

	Number of segments per tone per frame (Sm)
	24
	6
	4
	2


Based on the UE path loss profile, L1, …, L4 tones within the extended slots are allocated for MCS 1, 2, 3 and 4 respectively. For MCS m, there are Lm tones and Sm segments per tone, therefore LmSm segments per frame. Before transmitting, a device determines its MCS based on its path loss and then randomly generates one of LmSm segments to send a PRACH. The list of tones for each MCS and the mapping between path loss to MCS to be used by the UE for the PRACH is provided on the PBCH. The use of different MCSs maximizes the number of PRACH segments, thereby reducing collision probability. Base station determines coarse coverage class from PRACH format used by the mobile and further granularity within the coarse class is provided by the mobile as part of the PRACH payload. An example PRACH resource allocation is illustrated in Figure 3.  
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 Figure 3 Example PRACH allocation

In addition to the aforementioned “micro-hopping” that occurs at each odd-numbered slot, PRACH transmission may also perform frequency hopping at each even-numbered slot as other UL channels determined by the base station. An example PRACH allocation with both frequency hopping schemes is illustrated in Figure 4.
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Figure 4 Example PRACH allocation for two modulation schemes
A PRACH segment consists of 24 bits and these bits are shared amongst the following fields: 

· Cause
· Path loss

· Random value
· CRC
The exact number of bits for each field is FFS and can depend on MAC layer design. For example then number of code points required for PRACH cause (i.e. MO data transfer, response to page, registration, etc) and the accuracy with which path loss needs to be reported within the coarse coverage class defined by the MCS used for the PRACH.

At this point it is assumed that device ID will not be sent in the PRACH due to the variable size of the ID (i.e. IMSI, P-TMSI, TLLI and s-RNTI all potentially different lengths).
2.2 Time of Arrival Estimation
Each extended slot consists of 14 symbols whose cyclic prefix (CP) has 18 samples. If a UE has perfectly synchronized to downlink signal before random access, the CP length allows a cell radius of 9.3 km without losing orthogonality between uplink signals. 
During PRACH, base station estimates uplink time-of-arrival using PRACH pilots and sends the corresponding timing information back to the UE through PDCCH. For PRACH, 4 pilot symbols are inserted per slot, leaving 10 symbols for data.
Time-of-arrival estimation can be carried out by two steps.

1. Estimate any residual frequency offset based on the channel phase offset between two pilot symbols within a slot. 

2. Estimate time-of-arrival based on the channel phase offset between any two pilot symbols that are separate exactly by one slot in time and 6 tones in frequency. The phase offset caused by frequency offset needs to be removed.

The frequency-hopping step size g=6 tones is chosen as a compromise between estimation accuracy and maximal delay that can be estimated without phase ambiguity. 

In Figure 5 and Figure 6, the cumulative distributions of timing estimation error are shown for MCS 1 and MCS 4, which are intended for SINR greater than 8 dB and for SINR below 1dB, respectively. A PRACH segments consists of 2 slots for MCS 1 and 12 slots for MCS 4. In both cases, the probability of error greater than 4 samples is less than 10%.
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Figure 5 CDF of timing estimation error with two slots.
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Figure 6 CDF of timing error with 12 slots.
2.3 PRACH Capacity 
Editors note: PRACH capacity analysis to be provide in later meetings. 
3 Summary

This document provides a detailed description of the Physical Random Access channel and procedure. The PRACH channel configuration is flexible and can be tailored for each cell based on device distribution within the cell by allocating different set of tones for different coverage classes.
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