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Introduction
In RAN1#89, the following agreement have been made regarding to NPRACH reliability enhancement [1]:

Agreements:
   For reduction of NPRACH false alarm probability, FFS between:
· Alt 1: Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones
· Alt 2: A frequency shift of k*0.75 kHz is applied to all NPRACH signal in a Cell.
· FFS k=[-2, -1, 0, 1, 2] or [-2, -1 1 2].
· FFS if to apply a phase rotation of m*pi/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.
· Signaling of the above frequency shift and phase rotation is FFS.
· Alt 3: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern
· Combinations of the above alternatives are not precluded

In RAN1#92bis, NPRACH reliability enhancement was discussed with the following agreements[2]:

Agreement
Confirm the following working assumption made in RAN1#92 with the Note.
· Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones.
· Down-select the following alternatives at RAN1#92bis:
· Symbol level scrambling
· Symbol group scrambling
Note: Qualcomm has strong concerns about the above agreement and thinks it is not based on technical merits.

It is important to note that it has been agreed that any new solutions for NPRACH reliability need to maintain feasibility of FFT processing and orthogonality of preambles on different tones.  In this document, we continue compare symbol level scrambling with symbol group level scrambling.
Symbol-level Scrambling
For DFT based symbol-level scrambling, since eNB does not know the arrival time of the signal and the symbols within a symbol group are no longer the same, significant loss in signal energy is expected. As shown in Fig. 4, if the FFT window of duration of one NPRACH symbol is applied and the FFT window happens to have the boundary of two symbols in the middle, then the output of the output of the FFT could be close to 0 because the two symbols have almost opposite phase, e.g., 1 and exp(j4/2). Similarly, if a long FFT that spans the whole symbol group is applied, significant loss in signal energy can happen depending on the arrival time. To remedy the above problem, there was a proposal to apply cross-correlation at the receiver. This would require one cross-correlator per subcarrier.
[image: ]
Figure 4: Example timing of received NPRACH signal and FFT window.

In addition, symbol-level scrambling will introduce interference between intra-cell NPRACH signals at different subcarriers as shown in Figure 5 unless the scrambling sequence of the cell is all ones. It can be readily checked that unless n=0 or the FFT window for subcarrier X is aligned with symbol boundaries of subcarrier Y, there exist interference from subcarrier Y to X.  There could be a timing for FFT window that minimizing the interference from subcarrier Y to X, but this window timing may not be optimal for another interference subcarrier. In addition, this would mean a timing search is performed for each subcarrier. In summary, we have the following observation.


Figure 5: Intra-cell NPRACH interference due to symbol-level scrambling.

[bookmark: _Hlk510796082]Observation 1: With symbol-level scrambling, it’s unclear how to maintain FFT processing without significant loss in signal energy and NPRACH signals at different tones within a cell are no longer orthogonal.  

Symbol Group Scrambling
Scrambling can be applied on symbol group level, i.e., one scrambling number per symbol group, to allow differentiation between NPRACH signals from different cells. This would allow eNB to detect the presence of NPRACH interference(s) and remove the corresponding repetition in energy detection and timing estimation. In the absence of frequency offset, the phase shift between symbol groups 1 and 2 and that between symbol groups 3 and 4 are either equal or have opposite signs. A simple version of scrambling is to have a phase shift on symbol group 4 only. This will allow the detection of an interferer with different phase shift. The phase shift value should be large enough to allow reliable interference detection, for instance in the form of /2*m, m=0, 1,2, 3.  
At CE levels 0 and 1, the collision rate may be even higher due to significantly larger arrival rates. Special concerns are the interference from an NPRACH to an NPRACH with a larger number of repetitions, say from CE level 0 to CE level 1. In such a case, the received interference power could comparable or even higher than the target signal. Without special care, a single repetition of a strong interferer can cause false alarm of a target 4-repetition NPRACH resource or cause significant timing error of a 4-repetition NPRACH signal.  Since phase shifts can be used to identify NPRACH signals from other cells, it can be effective in both reducing false alarm and improving timing accuracy.  
To demonstrate the effectiveness of above proposed phase shifts, timing errors with and without phase shifts are compared for MCL at 154 dB in Figure 1 and for MCL at 144 dB in Figure 2, respectively.
[image: ]
Figure 1 Timing errors with and without phase shift: MCL=154 dB, 8 repetitions, 50% collision rate.

[image: ]
Figure 2 Timing errors with and without phase shift: MCL=144 dB, 4 repetitions, 50% collision rate.

As can be seen from the figures, the timing error due to a 0dB interferer with phase shift is comparable or better than that due to a 5dB interferer without phase shift. In both cases, there is a significant chance that the timing error is larger than the CP duration when colliding with a 5dB interferer without phase shift. 

In case of collision of an interfering signal with an empty NPRACH repetition in a cell, the interfering signal can almost always be detected and hence false alarm can be avoided at CE levels 0 and 1.

[bookmark: _Hlk513809538]Observation 2:  Symbol group level scrambling can effectively reduce the false alarm rate for CE levels 0 and 1. 

Hence we propose the following.

[bookmark: _Hlk513809596]Proposal 1: Adopt the following enhancement for NPRACH:
· A phase rotation of m*p/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.
· Exact signaling phase rotation is FFS: by SIB or by specification as cell ID dependent.
3. Summary
In this document, we have presented simulation results and demonstrated the effectiveness of the proposed NPRACH reliability enhancement schemes. The observations are:
Observation 1: With symbol-level scrambling, it’s unclear how to maintain FFT processing without significant loss in signal energy and NPRACH signals at different tones within a cell are no longer orthogonal. 
Observation 2:  symbol group level scrambling can effectively reduce the false alarm rate for CE levels 0 and 1. 

The proposal is:
Proposal 1: Adopt the following enhancement for NPRACH:
· A phase rotation of m*p/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.
· Exact signaling phase rotation is FFS: by SIB or by specification as cell ID dependent.
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