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1 Introduction

During RAN4#81, discussions took place on developing mixed numerology requirements for the BS and UE and a WF was captured in [1]. One of the tasks in the WF is to develop EVM requirements for mixed numerology transmission for the UE and the BS. Then it is suggested to further consider how in band emissions requirements could be applied in the UE case and whether to introduce in band emissions requirements for the basestation.
Different strategies may be applied for avoiding interference between numerologies, including filtering of an aggressor numerology or non-utilization of some PRBs. The strategy may potentially vary depending on the SINR and the directions of the UEs scheduled on each numerology. For example, on the transmit side if the SINR of a scheduled UE on a victim numerology is low, then it may be acceptable to transmit on an aggressor numerology without significant filtering. The same may be true if the directions of UEs on different numerologies differs. On the other hand, where SINR is high and scheduled UEs are in the same direction, more care may need to be taken about inter-numerology interference.

This paper presents some considerations on comparing different methods for managing interference between numerologies, considering transmitter aspects. These considerations should be taken into account when introducing in band spurious emissions requirements in addition to EVM requirements and also the impact on implementation possibilities.
2 Discussion

When different numerologies are multiplexed, at least in some cases orthogonality between numerologies is lost. For example, if 15kHz and 60kHz subcarrier spacings are mixed, any overspill of the 60kHz numerology to the 15kHz numerology will cause interference to at least 3 of 4 15kHz subcarriers.
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Figure 1: Example of interference between numerologies. The spectrum of the green 60kHz numerology causes interference at each of the blue marked sampling points of a 15kHz numerology.
In band unwanted emissions requirements between different numerologies are related to modulation spectrum and the degree of spectral confinement that is applied. On the face of things, increasing the spectral confinement between numerologies will enable a better utilization of the resource blocks between numerologies and improve system efficiency. A drawback of using sharp filtering is that the EVM is increased in some of the resource blocks. If filtering is less sharp, then the EVM arising from the filter decreases, but the numerologies interfere with one another. In addition to EVM caused by in-band ripple due to filtering, interference from another numerology transmitted from the same basestation can also be represented as EVM.
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Figure 2: Sources of EVM in the mixed numerology scenario
Of interest is the fact that EVM arising from filtering impacts the aggressor numerology, whereas EVM arising from interference leakage impacts the victim. Since both numerologies will belong to the same operator, it is not clear whether EVM increase on the victim or on the aggressor numerology is preferable.

According to RAN1 decisions, numerologies will be placed in a hierarchical manner.
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Figure 3: Illustration of RAN1 decision

Where 15 and 60 kHz numerologies are placed in such a manner, we assume that one PRB of the 15kHz numerology will be unused where the numerologies meet, since this PRB would otherwise directly collide with the 60kHz numerology. This will lead to a minimum gap between numerologies of 8, 15kHz subcarriers (or 2, 60kHz subcarriers). This gap is significantly smaller than that considered for the spectrum utilization discussion.
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Figure 4. Minimum gap between numerologies
Two strategies could be used for mitigating interference between the 60kHz and 15kHz numerology, (i) Filtering of the 60kHz numerology or (ii) Use of 1 less PRB of the 60kHz numerology. These strategies are examined further in this contribution.

2.1 Comparison of 20MHz numerology usage

In the following examples, a multiplexing of a 15kHz and 60kHz numerologies is depicted, with each numerology allocated 20MHz. Of course, bandwidths of the two numerologies may differ from this example, but some of the principles in the illustrations will continue to apply. 20MHz corresponds to an absolute maximum PRB utilization of 27 60kHz PRBs and 111 15kHz PRBs (dependent on decisions on spectral utilization).
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Figure 5: Considered scenario
It is of interest to investigate the EVM arising from interference between numerologies compared with the EVM arising from filtering. Considering the base assumption of a 15kHz and a 60kHz numerology, figure 6 indicates the EVM arising in the 15kHz numerology in the case of no filtering at all, 97.2% and 93.4% filtering (as considered for the spectral confinement discussion) being applied to the 60kHz. (For convenience, one type of filter is called “26 PRB filter” and a second type “27 PRB filter”, since the filters correspond to those needed to achieve 26 or 27 PRB spectral utilization on a 20MHz carrier with 60kHz subcarrier spacing in the spectrum utilization discussion. However in the context of this consideration on inter-numerology requirements, the 15kHz numerology may be placed closer to the 60kHz one than the point at which the -14dBm level is met.)
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Figure 6: EVM impact to the 15kHz numerology of 60khz numerology with 26 PRB (93.4%) and 27PRB (97.2%) filtering
Figure 7 shows an estimate of the link level impact to the 15kHz numerology of the 60kHz numerology in each case. Three cases are shown. In the first case, 26 of the possible 27 60kHz PRBs are utilized, together with a “26 PRB” filter (i.e. the gap between the numerologies is extended by 1 PRB compared to the minimum shown in figure 4). In the second case, the 26PRB filter is used but 27 PRBs are used of the 60kHz numerology (i.e. the gap between the two numerologies is the minimum as illustrated in figure 4). Thus the LTE spectrum emission mask would be exceeded at the nearest 15kHz PRB to the 60kHz spacing carrier. In the final case, all possible of the 60kHz numerology are used, with a 97.2% (27 PRB filter). The figure indicates that for up to 20dB SINR, there is little difference between the approaches, since the noise level is much larger than the inter-numerology interference. At higher SINRs, utilizing 26 PRBs for the 60kHz numerology yields highest throughput in the 15kHz numerology. This is intuitive, since interference is removed from the 15kHz numerology without any impact to the 15kHz numerology utilization. If 27 60khz PRBs are used, then utilizing a 27 PRB filter yields higher throughput than a 26PRB filter as can be expected.
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Figure 7: Link level throughput possibilities on 15kHz numerology for different approaches to 60kHz numerology utilization/filtering
Of course, the amount of used PRBs and the filtering applied to the 60kHz numerology will also impact the throughput in the 60kHz numerology. Applying filtering will cause an EVM impact to the 60kHz numerology at the edge resource blocks. Figure 8 illustrates an estimate of the throughput impact of using 27PRBs with a 27 PRB filter, 26 PRBs with a 26 PRB filter and 27 PRBs with a 26 PRB filter. The relative gains of the filtering and spectral utilization on user throughput are discussed in more detail in [2]. As might be expected, utilizing 27 PRB provides a slightly higher throughput at high SINR than 26 PRB. Using a less sharp filter improves the throughput, since the EVM impact of the filter is reduced.
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Figure 8: Impact on 60kHz numerology throughput of 26/27PRB utilization and corresponding filtering
Thus it can be observed that there is a trade-off between impacting throughput on the 15kHz spacing carrier due to leakage from the 60kHz carrier, and impacting throughput on the 60kHz spacing carrier due to EVM increase and/or PRB utilization. Figure 9 depicts the sum throughput on both carriers from each of the 3 strategies:

· Strategy 1: Use 26 PRBs on 60kHz carrier (inter-numerology gap 1 60kHz PRB + 8 15kHz subcarriers)
· Strategy 2: Use 27PRBs on 60kHz carrier, apply 97.2% (i.e. 27 PRB) filtering (inter-numerology gap 8 15kHz subcarriers)
· Strategy 3: Use 27PRBs on 60kHz carrier, but apply 93.4% (i.e. 26PRB) filtering/windowing (inter-numerology gap 8 15kHz subcarriers)
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Figure 9: Sum throughput arising on both numerologies for each considered option
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Figure 10: Percentage difference of using option 2 or option 3 compared with option 1
As can be observed in the figure, these initial estimations suggest that all 3 strategies appear to provide similar sum throughput characteristics.
2.2 Comparison on single PRB numerology usage

In this section, methods are compared based on single PRB allocation for both the 15kHz and 60kHz numerologies. It is assumed that the numerologies are spaced as closely as possible in this example. For the 60kHz numerology, two filtering possibilities are considered:
· The same filter that would be used for achieving 27 PRB spectral utilization in a 20MHz carrier; this is termed “27 PRB filter”

· The same filter or windowing that would be used for achieving 26 PRB spectral utilization in a 20MHz carrier; this is termed “26 PRB filter”


[image: image12]
Figure 11: Scenario with single PRB usage on both numerologies
Figure 12 shows the throughput estimation on the 60kHz numerology. As expected, using windowing or a less stringent filter incurs less EVM and thus provides greater throughput at high SINRs. 

[image: image13.emf]-10 -5 0 5 10 15 20 25 30 35 40

0

1

2

3

4

5

6

7

SINR (dB)

Throughput

 

 

27 PRB filter

26 PRB filter


Figure 12: Impact to the 60kHz numerology of the two different filter types
Figure 13 shows the throughput  estimation on the 15kHz numerology. In this case, using a more stringent filter causes less interference from the 60kHz numerology and thus increased throughput.
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Figure 13: Impact to the 15kHz numerology of the two filtering types
Figure 14 shows the estimated sum throughput on the two numerologies. Since the 60kHz PRB is a wider bandwidth than the 15kHz PRB, the impact of the filtering on the 60kHz numerology dominates. Thus, throughput is maximized with windowing or less sharp filtering.
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Figure 14: Sum throughput of the 15kHz spacing and 60kHz spacing PRBs
It may be more fair to compare the sum throughput on the numerologies with an equal bandwidth on each numerology however. 


[image: image16]
Figure 15: Single 60kHz spacing PRB and 4 15kHz spacing PRBs
In this case, the sum throughput shows that the amount of filtering does not make a large difference; using less sharp filtering / windowing gives a slightly larger sum throughput.
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Figure 16: Sum throughput for all PRBs of figure 15.
3 Conclusion

This document has considered the potential impact on total end user throughput of different strategies for managing inter-numerology multiplexing and interference. Sharp filtering will decrease the inter-numerology interference in one numerology at the cost of increased EVM in the other; lower filtering will reduce EVM at the cost of increased interference between numerologies. It should also be noted that at many SINR operating points, there is little difference in throughput in any numerology for any strategy.
Which numerology should be prioritized may depend on the traffic and the SINR situation. In principle, whether the full set of PRBs is used and how much filtering is used, at least on the basestation side, can be left as implementation dependent.

In principle, the specification should allow for any kind of implementation that provides reasonable performance. Further, more detailed investigation of the performance impacts suggested in this paper as well as other aspects such as complexity, ISI, impacts of real algorithms such as channel estimation etc. are needed. Moreover, consideration is needed as to whether impacts of multiplexing numerologies should be balanced between numerologies or not.
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