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1 Introduction

During the RAN4 NR Ad-Hoc in January, an agreement was reached in regard to defining the spectrum utilization for mixed numerology transmission and reception. The first part of the agreement captured that for mixed numerology transmissions, the guard at each side of the carrier should be based on the guard band size for the immediately adjacent SCS and the bandwidth of the whole carrier. This part of the agreement was implemented in the technical specifications. The second part of the agreement relates to the case of a 15kHz subcarrier spacing being adjacent to the edge of a carrier with a larger bandwidth than 50MHz (or, for FR2 a 60kHz SCS being adjacent to the edge of a 400MHz carrier. In this case, a guard band size needs to be derived. Although an agreement was reached, it was clarified that the agreement may have been incorrectly worded and should be checked further.
This paper further considers the guard band size for these cases.
2 Discussion

If a 15kHz SCS transmission is located at the edge of a carrier that is greater than 50MHz, then an appropriate guard band size must be appropriated to the carrier.
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The previous agreement text is as follows:

Proposal 2 SU for the largest supported CBW for a SCS will be used to determine the guard band at the carrier edge if the channel BW is larger than that can be supported by this allocated SCS. 

Out interpretation of this text is that the guard band size is calculated by taking the spectrum utilization for 15kHz with a 50MHz BW (97.2%) and applying the same spectrum utilization to the bandwidth in question. Thus, the guard size would be:

BS/UE Channel Bandwidth * (1 – 0.972) / 2
Closer inspection of the results of this agreement reveal that the agreement would lead to guard bands for 15kHz that are larger than those for 30kHz SCS. This arises because the spectrum utilization percentage increases somewhat with increasing bandwidth. 
It was also clarified during subsequent discussions that the agreed text did not in fact accurately capture the original intention of some of the companies. For these reasons, the agreement on the guard band size in these scenarios was not implemented in the TS or TR during the ad-hoc.

In addition to the “agreement”, two alternative means to determine the spectrum utilization for the wider bandwidths were discussed offline:

1. For each bandwidth above 50MHz (200MHz), set the guard band size for the 15kHz SCS to be the same as for the 30kHz SCS (for FR1) or the 60k SCS guard band to be the same as the 120k SCS guard band (for FR2)

2. For each bandwidth above 50MHz (200MHz), set the guard band size for the 15kHz SCS to be the same as the 15kHz guard band for 50MHz (i.e. 692.55 kHz) for FR1. For FR2, set the 60kHz guard band size for 400MHz to be the same as the guard band size for 200MHz (i.e. 4930kHz)

The table below indicates the spectral utilization achieved if the 15kHz SCS is placed on one side of the carrier and the 60kHz SCS is placed on the other side of the carrier in a multi-numerology scenario.

	BS/UE channel bandwidth
	SU following “agreement”
	SU following alternative 1
	SU) following alternative 2

	60
	96.0%
	96.1%
	96.3%

	70
	96.5%
	96.5%
	96.9%

	80
	96.8%
	97.0%
	97.3%

	90
	97.0%
	97.4%
	97.7%

	100
	97.2%
	97.8%
	97.9%

	400 (FR2)
	95.0%
	95.0%
	96.3%


The table indicates that the difference between the different approaches is small; for FR1 at maximum 0.7% difference in SU. The difference between the alternative options is around 0.3% SU. For FR2 there is a 1.3% difference in SU, however the impact on roll-off to bandwidth is significant.
The existing agreements on spectral utilization include a 30k SCS transmitter over the whole bandwidth. If in a mixed numerology scenario, a 15k SCS is transmitted at one edge of the band, the roll-off that would be needed for supporting 30k SCS is sufficient because the 15k SCS has a greater FFT suppression than the 30k SCS. In fact, the guard for 15k SCS could be slightly smaller.
The alternative 2 implies a filter requirement may be out of line with the existing spectral utilization agreements. Since the guard band size is kept the same, the roll-off of the filter relative to the bandwidth will increase with increasing bandwidth for filtering solutions. For windowing solutions, it is not clear what the impact would be on the window length. For FR2 in particular, the relative roll-off to bandwidth is halved following alternative 2.
A spectrum confinement solution needs in general to be hardware flexible enough to support different bandwidths and SCS. Thus, the hardware or processing requirements for supporting each bandwidth/SCS combination should be comparable in order that a particular combination does not become dimensioning and lead to underutilization of hardware/processing for other combinations. It would be unfortunate if the requirement for multi-numerology in these circumstances would become the dimensioning requirement.

Furthermore, the increasing spectrum utilization and confinement requirement for alternative 2 has not been investigated in terms of impact to EVM etc.

Considering that the differences in achieved spectrum utilization in multi-numerology scenarios will be very small between alternative 1 and alternative 2, it seems reasonable to prefer alternative 1 over alternative 2 in order to ensure that there is no impact to performance or the hardware/processing dimensioning.

3 Conclusion

Considering the argumentation in this paper, we propose to either keep to the existing agreement or to follow alternative 1 in the discussion. Since alternative 1 achieves slightly better SU and does not impact performance or dimensioning, we propose to adopt alternative 1.

Proposal 1: Revise the agreement on guard band for larger bandwidths to the following:

· For each bandwidth above 50MHz (200MHz), set the guard band size for the 15kHz SCS to be the same as for the 30kHz SCS (for FR1) or the 60k SCS guard band to be the same as the 120k SCS guard band (for FR2)

4 TP for 38.817-01

4.5.5
Spectrum utilization when operating multiple numerologies

The flexible NR design enables optional frequency multiplexing of transmissions with different subcarrier spacing within the same carrier. If this is the case, then a spectrum occupancy must be calculated taking into account both numerologies. In release 15, for the UE this agreement relates to determining spectrum utilization where SRB and PDSCH have different numerologies and are frequency division multiplexed. For the BS, transmission or reception may be made with multiple numerologies.
In such cases, at each side of the carrier, the guard size is selected corresponding to the numerology operated immediately adjacent to the carrier edge and the bandwidth of the whole carrier. In the example below, if the carrier bandwidth would be e.g. 20MHz, then on the left hand side the guard would be the guard corresponding to 15kHz SCS and 20MHz bandwidth and the guard on the left hand side would be the guard corresponding to 60k SCS and 20MHz bandwidth. The guard sizes would not depend on the proportion of the carrier allocated to each numerology. (Note that the figure does not imply anything about the size of any guard between the numerologies; the inter-numerology guard within the same carrier is implementation dependent).
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Figure 4.5.x-1 Example of multiple numerology transmission
When following this agreement, the possibility exists that the BS or UE channel bandwidth may be larger than the maximum bandwidth supported by one of the numerologies that is next to the carrier edge. For example, a 100MHz carrier may be transmitted with a 10MHz, 15kHz SCS allocation adjacent to the edge of the carrier. For these situations, a guard band size is defined as follows:

· For FR1, if multiple numerologies are multiplexed in the same symbol and the BS channel bandwidth is >50MHz, the guardband applied adjacent to 15k SCS shall be the same as the guardband defined for 30k SCS for the same BS channel bandwidth.
· For FR2, if multiple numerologies are multiplexed in the same symbol and the BS channel bandwidth is >200MHz, the guardband applied adjacent to 60k SCS shall be the same as the guardband defined for 120k SCS for the same BS channel bandwidth.
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