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Introduction
In NB-IOT, current NPRACH is designed only to support up to 40km cell radius. Support for increased cell radius for up to 100 km was discussed in RAN1 #88bis and the following working assumptions were made [1].

Working assumption for evaluation until RAN1#89:
· At least the following 2 options are considered for a new NPRACH format 
· Option 1: Rel-13 NPRACH definition with CP length >= 666.67us is introduced. 
· Subcarrier bandwidth <= 1.5 kHz
· Option 2: Rel-13 based NPRACH scrambled by a sequence with good autocorrelation properties

In this contribution, we will discuss ways to extend random access to large cell up to 100km.

New NPRACH format
In NB-IOT, current NPRACH use a single tone design with 2 levels of sub-carrier hopping within each symbol group and random hopping between symbol groups. Different repetitions are used to improve performance for different coverage enhancement levels. Such an NPRACH design can meet the timing estimation requirement even in deep coverage.  However, with current parameter settings, the cell radius is limited to 40km. Two parameters are limiting the cell size. One is the CP length. Currently two CP are supported, 66.7us and 266.7us. The second limiting factor is the minimum hopping distance which is 3.75KHz, the inverse of which is the maximum timing offset corresponding to the maximum round trip delay 266.7us, which corresponds to the maximum roundtrip delay in a cell with 40km cell radius.
In LTE, the maximum cell radius supported is 100km. For these large cells, there are also needs to set aside some RBs for NB-IOT communication. To support NB-IoT services in cells with radius up to 100 km, we need to extend the NPRACH design. Two different ways were agreed as working assumptions. One is to change the physical NPRACH channel by reusing the same design principle but with different numerology. The other one is to keep the same numerology with additional scrambling to facilitate integer latency detection at  eNB.
We now discuss the details of these two approaches. For the first option with new NPRACH channel design, to support at least 100km cell radius, the CP should be at least 666.7us and minimum hopping distance < 1.5KHz. It is also desirable that the new NPRACH numerology to be roughly aligned with current NPRACH channel in both frequency and time domain for easy coexistence. The following figure illustrates one possible design. It is single tone transmission with 3 level of hopping within one symbol group. The top half figure is the current NPRACH structure. The bottom half shows the new NPRACH structure. The new CP length is 800us. The sub-carrier spacing is 1.25KHz which is 1/3 of the current sub-carrier spacing. As shown in Figure 1, each repetition consists of four symbol groups and each symbol group consists of  one CP and 3 symbols. The 3 levels of hopping with hopping distance are1.25KHz, 3.75KHz, and 22.5KHz respectively. The last two hopping distances in frequency are the same as current NPRACH channel. With this setting, one symbol group of the new NPRACH channel is roughly aligned with two symbol groups of current NPRACH in time domain. And they also align in frequency domain. The above numerology can support up to 120Km cell radius.  
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Figure 1. New NPRACH channel to support up to 120Km cell radius
Observation 1: To efficiently support large cell radius, a new NPRACH numerology can be introduced. 
Scrambled NPRACH
The main problem of NPRACH in large cell radius is due to the fact that, within each hop, it is essentially a sinusoid signal, so it has bad correlation properties for delays that are an integer multiple of the symbol duration. Thus, even a time-domain correlation may not help reducing the timing uncertainty in an efficient manner.
One way considered to solve the above problem is to apply a scrambling sequence on symbol level to create zero or small correlations at incorrect integer symbol boundaries. However, this will also create small auto-correlations at other non-zero time locations. Unless a time searcher is employed to find the arrival time with a certain accuracy,  the use of scrambling sequence can lead to significant signal power loss and, depending on scrambling sequence design,  interference from neighboring NPRACH signals. Using a scrambling sequence with good auto-correlation properties, e.g., minimal correlation at nonzero lags, detection of integer symbol durations becomes easy. Hence, the use of scrambling sequence at symbol level needs further study.  
[bookmark: _GoBack]Observation 2:  Applying scrambling sequence on NPRACH symbols may introduce significant interference due to loss of orthogonality between NPRACH preambles and needs further study. 
Proposal 1: A new NPRACH channel design for large cell support with the following design principles is introduced
· The minimum sub-carrier spacing <1.5KHz, CP length > 666.7us.
· The new NPRACH symbol group should be aligned with integer number of symbol groups of current NPRACH design in both frequency and time domain.
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In this contribution we presented our views on enhancements to the random access procedure to support large NB-IoT cell radius. We made the following proposals and observations:
Observation 1: To efficiently support large cell radius, a new NPRACH numerology can be introduced. 
Observation 2:  Applying scrambling sequence on NPRACH symbols may introduce significant interference due to loss of orthogonality between NPRACH preambles and needs further study. 
Proposal 1: A new NPRACH channel design for large cell support with the following design principles is introduced
· The minimum sub-carrier spacing <1.5KHz, CP length > 666.7us.
· The new NPRACH symbol group should be aligned with integer number of symbol groups of current NPRACH design in both frequency and time domain.
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