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At RAN#69, a new work item named Narrowband IoT (NB-IoT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. 
In RAN#70, the following items have been agreed [2].
· 180 kHz UE RF bandwidth for both downlink and uplink
· OFDMA on the downlink
· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 
· For the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs
In RAN1 NB-IoT ad hoc meeting, it was further agreed that “Support one PRACH scheme for all MCL cases [3].” Also, as a working assumption, “PRACH scheme is based on single-tone transmission [3].”

In this contribution, we discuss in detail on the design of single tone NB-PRACH symbol pattern. 
[bookmark: _Ref441488033]Design Considerations
For the concreteness of discussion, we will use 3.75 kHz subcarrier spacing for illustration in the following. However, the same ideas equally apply to 15 kHz subcarrier spacing. 
Pattern with CP + 1 OFDM symbol pattern
This pattern is the well-known OFDM symbol pattern, as illustrated in Figure 1.
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[bookmark: _Ref442946816]Figure 1: Classic OFDM symbol structure
It is well known that the structure in Figure 1 helps ensure orthogonality for transmissions on different tones even with unknown timing within CP. This is illustrated in Figure 2. Take the received symbol on tone f1 for example. The symbol sent on tone f2 appearing on tone f1 equals 0. Therefore, orthogonality is ensured.
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[bookmark: _Ref442948055]Figure 2: CP + 1 OFDM symbol ensures orthogonality under unknown timing within CP
Pattern with CP + X different OFDM symbols
For single tone NB-PRACH, to support large cell size e.g. 35 km, we need a very long CP of length at least 233.3 us to accommodate the maximum round-trip delay. This CP length is almost as long as the symbol length of 3.75 kHz tone spacing. To reduce CP overhead, a naïve approach would be to concatenate X (>1) symbols but add only one CP. However, this approach causes inter-carrier interference, if the X symbols sharing the same CP are not the same.
We use Figure 3 for illustration. For simplicity, assume the CP has the same length as an OFDM symbol, and X=2. On tone f1, the transmitted symbols are (X1, Y1, X1), and X1 is different from Y1. Similarly, on tone f2, the transmitted symbols are (X2, Y2, X2), and X2 is different from Y2. Take the received symbols on tone f1 for example. The symbols sent on tone f2 appearing on tone f1 does not equal 0. Therefore, the orthogonality is lost and inter-carrier interference arises.

We can understand the above result intuitively. In the Rx FFT window, from tone f1 perspective, the samples start from the last part of samples of X2 and then changes to the first part of samples of Y2. The phenomenon is analogous to that there is varying channel effect within the Rx OFDM FFT window. It is well known that if channel changes within one OFDM symbol window, inter-carrier interference arises.
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[bookmark: _Ref442949275]Figure 3: CP + X different OFDM symbols leads to inter-carrier interference under unknown timing within CP
Observation 1: CP + X different OFDM symbols leads to inter-carrier interference under unknown timing within CP in NB-PRACH transmissions.

Pattern with CP + X same OFDM symbols
To reduce CP overhead while maintaining orthogonality, we have proposed to repeat the same OFDM symbol X times back to RAN1 #82bis meeting. We use Figure 4 for illustration. For simplicity, assume the CP has the same length as an OFDM symbol, and X=2. On tone f1, the transmitted symbols are (X1, X1, X1). Similarly, on tone f2, the transmitted symbols are (X2, X2, X2). Take the received symbols on tone f1 for example. The symbols sent on tone f2 appearing on tone f1 equals 0. Therefore, orthogonality is ensured.
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[bookmark: _Ref442950918]Figure 4: CP + X same OFDM symbols ensures orthogonality under unknown timing within CP

Observation 2: CP + X same OFDM symbols ensures orthogonality under unknown timing within CP in NB-PRACH transmissions.

Conclusions
In this contribution, we have made the following observations.

Observation 1: CP + X different OFDM symbols leads to inter-carrier interference under unknown timing within CP in NB-PRACH transmissions.

Observation 2: CP + X same OFDM symbols ensures orthogonality under unknown timing within CP in NB-PRACH transmissions.

Based on the observations, we make the following proposal.

Proposal 1: To reduce CP overhead while maintaining orthogonality, use CP + X same OFDM symbols as a symbol group in NB-PRACH transmissions.
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