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Introduction
In RAN1#85 meeting, the following working assumption on subcarrier spacing (SCS) was reached [1]:
Working assumption
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology 
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology.
For CP length, the following working assumption was reached based on the above working assumption on subcarrier spacing [1]:
Working assumption:
· In the case of subcarrier spacing 15 kHz and 14 symbols per 1ms, the following applies:
· Baseline: Symbol boundary is aligned with LTE of normal CP
These two working assumptions represented the majority views on SCS of the base numerology (f0=15kHz), SCS scaling (2n) and CP length of the base numerology (LTE NCP).
However, CP length of the scaled numerology achieved no consensus. In this contribution we will discuss CP lengths of the scaled numerologies. Also, we will discuss the support of the variable bandwidths.

Scaled CP length and unscaled CP length
Since 15kHz with LTE NCP is defined as the base numerology in working assumption, the scaled CP length can be defined for the scaled numerologies, i.e. 30kHz numerology using the 1/2 of LTE NCP and 60kHz numerology using the 1/4 of LTE NCP. As a counterpart of the scaled CP, the unscaled CP length that is larger than the scaled CP can be also defined for the scaled numerologies. Here we consider the unscaled CP length which comes from LTE EPC, i.e. 30kHz numerology using the 1/2 of LTE ECP and 60kHz numerology using the 1/4 of LTE ECP.
The scaled CP length has advantages of “symbol-level boundary alignment” [2] [3] in case of numerologies multiplexing:
For scaled numerology Fs = F0*M, in the case where Base numerology contains N symbols per ms and scaled numerology contains N*M symbols per ms
· Each symbol length (including CP) of base numerology (w/ SCS = F0) equals the sum of the corresponding M symbols of scaled numerology (w/ SCS = Fs)
In other words, CP length of the base numerology equals to the sum of the corresponding M CP lengths of the scaled numerology. The symbol-level boundary alignment has advantages at least including less implementation complexity. 
In [3], some other advantages for the symbol-level boundary alignment is reported, which is related to timing and interference. When numerologies are FDM, baseband processing is nearly parallel for different numerologies, and the signals can be multiplexed before feeding in RF unit or feeding in different RF units, thus interference and timing seems similar for both symbol-level boundary alignment and non-symbol-level boundary alignment. For interference, we assume that filtering or windowing operation in symbol-level has no relationship with symbol-level boundary alignment. When numerologies are TDM, interference is surely not relevant to symbol-level boundary alignment. Timing is up to eNodeB scheduling, which may be similar for both symbol-level boundary alignment and non-symbol-level boundary alignment.
Observation 1: The timing and interference for both symbol-level boundary alignment and non- symbol-level boundary alignment may be similar.
With scaled CP length, 30kHz numerology will have about 2.39us CP length. 30kHz numerology with the scaled CP length has little performance degradation caused by additional ISI and has better performance in some scenarios, e.g. high mobility, than 15kHz numerology. With scaled CP length, 60kHz numerology will have about 1.2us CP length. Too short CP length of 60kHz numerology will cause ISI, especially in macro cell. In [4] [5], it was observed that the scaled CP length for 60kHz numerology is not so suitable for macro cell. Nevertheless, 60kHz numerology with the scaled CP length can be deployed in micro cell or indoor hotzone. 
Furthermore, the scaled CP length has the advantages of the smaller CP overhead and less implementation complexity. Thus, we have the following proposal:
Proposal 1: The scaled CP length can be supported for 30kHz and 60kHz numerologies, i.e. 1/2 LTE NCP for 30kHz numerology and 1/4 LTE NCP for 60kHz numerology.
As the counterpart, the unscaled CP length can avoid too short CP length in 60kHz numerology, in which 4.17us CP length is employed and comparable to LTE NCP length. Further, 60kHz numerology has the gain of ICI resistance in high mobility scenario, which can compensate the loss of larger CP overhead. Thus, 60kHz numerology with the unscaled CP can be deployed in wide coverage and high mobility scenarios. In other side, 60kHz numerology with unscaled CP length can be used in URLLC service, which may have the relaxed requirement of data rate. Therefore, we reach the following proposal:
Proposal 2: The unscaled CP length can be supported at least for 60kHz numerology, i.e. 1/4 LTE ECP for 60kHz numerology.

Support of the variable bandwidths
As discussed above, multiple CP lengths can be introduced, so there could be many numerologies in NR, which may largely increase the standardization efforts. In [6], a new numerology, i.e. 75kHz, was proposed to be included in NR for support of 100MHz bandwidth, which will further increase the number of numerologies. Thus, we would like to discuss how to efficiently support 100MHz bandwidth with 15/30/60kHz numerologies.
It is general view to use 60kHz with 2048 FFT size to get 100MHz bandwidth. However, 1500 subcarriers will be used instead of 1200 subcarriers, which may destroy the common resource allocation and the common filter design, and finally increase the standardization effort. Another straightforward way to achieve 100MHz bandwidth is to use CA-like mechanism, e.g. 80MHz CC + 20MHz CC. However, this way may cause the guard band between two CCs. But the guard band can be narrowed as much as possible by OOB interference suppression method, such as filtering. It is noted that OOB interference needs to be largely suppressed for FDM of numerologies, thus the guard band can be small enough. On the other side, FDM of numerologies would be deployed in a carrier, so the CA-like mechanism has no additional standardization effort to be supported in NR.
Proposal 3: CA-like mechanism can be used to achieve the variable bandwidths, including 100MHz bandwidth.

Conclusions
As conclusion, we have the following proposals:
Proposal 1: The scaled CP length can be supported for 30kHz and 60kHz numerologies, i.e. 1/2 LTE NCP for 30kHz numerology and 1/4 LTE NCP for 60kHz numerology.
Proposal 2: The unscaled CP length can be supported at least for 60kHz numerology, i.e. 1/4 LTE ECP for 60kHz numerology.
Proposal 3: CA-like mechanism can be used to achieve the variable bandwidths, including 100MHz bandwidth.
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