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Introduction
In the RAN1#86 meeting, the agreement on down-selection of waveforms was reached [1] as following
· It is recommended that RAN4 should target to support eNB/UE with Y significantly higher than 90% (possibly 98%) when defining the RAN4 requirements where the specification of Y should consider complexity and latency constraints.
· In-band frequency multiplexing of different numerologies is supported in NR for both DL and UL, at least from the network perspective
· It is expected that spectrum confinement on sub-band basis is specified as requirements on
· Transmitter side in-band emission and EVM requirements  
· Reception performance in presence of other-subband interferer
· And from RAN1 perspective, spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver.
In this contribution, we present our consideration on the spectral confinement techniques.

Spectral confinement categorization
There are two types of spectral confinement in the above agreement per se. One, which is referred to as C1 in this contribution, as the blue line shown in Figure 1, is for out-of-band emission and targeting the spectral utilization up to 98%, compared to 90% in LTE. It is more of a band-based spectrum shaping with the fixed frequency location and fixed bandwidth, and thus it can be implemented via digital processing, D/A converter, analog filtering, and etc. The other, which is referred as C2, as the green line shown in Figure 1, is for the in-band emission in the presence of mixed numerology. It is more of a subband-based spectrum shaping with variable frequency locations and variable bandwidths, and thus it is usually implemented in the digital domain.
C1 and C2 is complimentary to each other. For the single numerology case when all subcarriers are orthogonal to each other and there is no interference from other subbands, C2 is not necessary, and thus the transmitter only has to take C1 into consideration. For the mixed numerology case, the transmitter has to apply the techniques in the digital domain to satisfy C2, and then apply those in both digital and analog domain to satisfy C1. The joint operation of C1 and C2 techniques yields the spectrum satisfying the spectrum emission mask for both in-band and out-of-band emission. Besides, the EVM requirement should also be met.
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[bookmark: _Ref462733656]Figure 1 Illustration of spectral confinements for the whole band (C1) and the subband (C2)

Observation 1: Spectral confinement is categorized into two types, i.e., C1 and C2.

Spectral confinement of in-band FDM transmissions
In this section, we only discuss the spectral confinement requirements for in-band emission, i.e., C2. In a NR deployment, frequency multiplexing of either single numerology or mixed numerologies is possible. It means that for a time instant when there is only one numerology, no such spectral confinement is required, while for another time instant when there are more than one numerologies multiplexed in the frequency domain, spectral confinement might be necessary.
Meanwhile, the real transmission environment will also affect the requirement. When it is an interference-limited environment, a more localized neighboring subbands is beneficial for the target subband. However, when it is a noise-limited environment, spectral confinement at the transmitter would have little effect on the performance of the receiver. 
For the base station, it is aware of the numerology configurations and the channel conditions for each allocated subbands, and therefore, it is clear whether in-band spectral confinement is necessary and to what extent the spectral confinement is sufficient.
On the other hand, since those spectral confinement techniques are transparent to the receiver, a UE is not aware of almost anything, including numerologies of neighboring subbands, the uplink channel conditions being noise-limited or interference-limited, and etc. All the spectral confinement techniques would more or less introduce additional UE complexity, battery consumption, and processing delay. To reduce such underlying overhead, it is beneficial for a UE to assume no requirements on the in-band spectral confinement, unless it is indicated to do so by the base station.
Proposal 1: A UE shall assume no requirements on in-band spectral confinement, unless indicated by the base station.

Subcarrier mapping
It is agreed that for subcarrier spacing of 2n*15kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain [2]. However, we believe that a few clarifications are required. For example, if the center of a subcarrier of 30kHz SCS is placed on the center of a subcarrier of 15kHz SCS, as illustrated in [3][4], asymmetry may occur at the boundary of two numerologies. As Figure 1 shows, we replace the centering 24 subcarriers of 15kHz SCS with 12 subcarriers of 30kHz SCS, considering the PRB alignment of different numerologies. It can be found that in such case, considering the middle PRB of 30kHz SCS, the interference from the left PRB of 15kHz SCS is different from the interference from the right PRB of 15kHz SCS. To make it symmetric, the right-most subcarrier of the left PRB may not be used for transmission, but it introduces extra signaling overhead.
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[bookmark: _Ref461546641]Figure 2 Illustration of asymmetry at the boundary of two numerologies

Another way to solve the problem is that we shift all numerologies by one half of its respective SCS in the frequency domain. It does not violate the agreement if a subcarrier is interpreted as a subcarrier grid as Figure 2 shows, which can be easily extended to the definition of an RB grid.
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[bookmark: _Ref461546658]Figure 3 Illustration of a subcarrier grid

If we shift all numerologies by one half of its respective SCS, the spectrum of FDMed numerologies would appear as shown in Figure 3. It can be seen that the interference levels from both sides of the PRBs of 15kHz SCS are symmetric. The symmetry improves the efficiency of spectral confinement, avoiding over-confining on one side of the subband and the opposite on the other side.
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[bookmark: _Ref461546848]Figure 4 Spectrum of shifting by one half of a subcarrier spacing

At the transmitter, shifting of one half of SCS can be performed via a time-domain phase rotation in the baseband signal after CP insertion and before all numerologies are combined, if mixed numerologies exist. At the receiver, the counter-operation can be easily incorporated into the carrier frequency offset compensation. Note that the same as SC-FDMA, there is no longer a DC subcarrier, and that for multi-carrier transmission, power leakage of local oscillator should be suppressed as it might introduce interference to more than 2 subcarriers.
Observation 2: Shifting of one half of an SCS does not add much complexity to both the transmitter and the receivers, but will improve the efficiency of spectral confinement when mixed numerologies are FDMed.
Proposal 2: Shifting of all numerologies by one half of its respective SCS should be considered.

Conclusions
In this contribution, we have presented our consideration of spectral confinement issues. We think that in-band spectrum confinement should be indicated by the base station. And in order to improve the efficiency of spectrum confinement, we propose to adopt a shift by one half of subcarrier spacing. In conclusion, we have the following observations and proposals:
Observation 1: Spectral confinement is categorized into two types, i.e., C1 and C2. 
Observation 2: Shifting of one half of an SCS does not add much complexity to both the transmitter and the receivers, but will improve the efficiency of spectral confinement when mixed numerologies are FDMed.
Proposal 1: A UE shall assume no requirements on in-band spectral confinement, unless indicated by the base station.
Proposal 2: Shifting of all numerologies by one half of its respective SCS should be considered.
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