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1 Introduction
There were two contributions related to the BS unwanted emissions below 6 GHz presented at the last meeting, some agreements were achieved in the way forward [3],which are:
A way forward was agreed in [1] at the last meeting

· Use UEM principle (band-centric) for emissions below 6 GHz

· For specific wider bands allowing wide RF channels, ΔfUEM can be larger than 10 MHz

· Investigate ΔfUEM larger than 10 MHz

· Study filter feasibility for AAS-type BS and the impact on ΔfUEM 

· The same emission levels as for LTE should be used within the frequency range (FDL_low– ΔfUEM) ~ (FDL_high+ΔfUEM).

Based on the above, this contribution give some considerations on the boundary between out-of-band and spurious domain below 6 GHz NR BS.
2 Discussion
For legacy 3GPP BS, the boundary between the out-of-band and spurious domain was derived from the 2.5* BN, where BN is the necessary bandwidth. For UTRA or E-UTRA, necessary bandwidth is equal to channel bandwidth. However, due to large channel bandwidth (up to 20MHz) supported by E-UTRA, 2.5* BN will cause large out-of-band domain, thus in the end the boundary between the out-of-band and spurious domain for LTE is defined as 10MHz outside the operating band.

The frequency range domain from 10 MHz below the lowest frequency of the BS transmitter operating band up to 10 MHz above the highest frequency of the BS transmitter operating band is defined as operating band unwanted emission limits i.e. UEM, where the unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329. Outside the UEM frequency range, the spurious emission will be applied. As agreed in the last RAN4 meetings, the Cat A (-13dBm/MHz) and Cat B (-30dBm/MHz) spurious emission limits will be re-used for below 6GHz NR BS.
Considering the wider operating band and wider transmission bandwidth will be deployed for below 6GHz NR, more challenges will be raised to the RF front end components, for example, band pass filter to meet the existing requirements in the case of the boundary which is 10MHz outside the operating band. From the perspective of filter implementation, there are mainly two types of filter implementation: low-cost and high performance, also there is a strict size requirement since there possibly will be one filter at each sub-array, meanwhile the insertion loss must be low. 

One of the key parameters for the filter performance is the quality factor, i.e. Q value. The Q value can be calculated as f0/BW, where f0 is the centre frequency of band pass filter, and equals to (fh+ fl)/2, and the BW is the 3-dB bandwidth, and equals to (fh- fl). Considering the centre frequency of the band pass filter is fixed, therefore when the 3-dB bandwidth of band pass filter becomes wider, then the Q value is lower.  Lower Q value means the S21 curve is more “flat” and the near field attenuation is lower in the case of the fixed transition bandwidth. 
For the below 6GHz NR BS, although the wider operating band and wider transmission bandwidth is deployed, it may not be a problem to meet the Cat A spurious emission limit when the -15dBm/MHz spurious emission in the UEM frequency range is met due to the spurious emission in the UEM frequency range is -15dBm/MHz, which is lower than the Cat A spurious emission limit (-13dBm/MHz).  However, for Cat B with a more stringent spurious emission limit, it will need higher attenuation in the near field to meet the existing requirements in the case  the ΔfUEM is kept as 10MHz. In general, higher attenuation in near field means the sharper S21 curve and higher order of the filter implementation, also a larger Q value. Consequently the filter size will become larger and the filter implementation will become more challenging.  In this way, a flexible way to mitigate the filter implementation challenge is to extend the ΔfUEM.
Observation. ΔfUEM  larger than 10MHz  will be needed due to wider operating band and wider transmission bandwidth, especially for the more stringent Cat B spurious emission limits.
The issue is how to decide the value of the ΔfUEM. So far it seems there are no other rules except for the derivation mentioned in [2], where the ΔfUEM was set as 40MHz assuming that the bands for below 6GHz NR are up to 4 times wider than in LTE based on the LTE bands are up to 100MHz except for bands 41, 42 and 43 that are ~200 MHz, where B41 is specified with Cat A spurious emission level and Bands 42 and 43 are not widely deployed. 
The frequency range of 3.3~4.2GHz and 4.4~4.99GHz will be potentially deployed by the operator for below 6GHz NR. As shown in the WF [4], two bands (3.3~3.8GHz and 3.6~4.2GHz) or only single band were proposed for the frequency range of 3.3~4.2GHz, and only single band was specified for frequency range of 4.4~4.99GHz. It can be seen that the bandwidth of the operating bands for below 6GHz NR can at least up to 500MHz, which means the bands for below 6GHz NR are up to 5 times wider than in LTE based on the LTE bands are up to 100MHz. By adopting the same principle in [2], the ΔfUEM is set as 50MHz.
Proposal: NR should be specified with an UEM defined with ΔfUEM= 50 MHz for bands wider than 100 MHz.

As the existing UEM limits include in-band spurious emission limit, no matter how the ΔfUEM is defined, the in-band spurious emission limit should always be included from the bandwidth edge to the ΔfUEM outside the operating band. In addition, according to [2], there are some restrictions for the channel bandwidth to full the UEM based on the -15 dBm/MHz limit for different bandwidth of the operating bands. 
3 Conclusion
In this paper, we give some considerations on how to apply the boundary between out-of-band and spurious domain below 6 GHz NR BS. Considering the wider operating bands and larger channel bandwidths possible for below 6GHz NR BS, The conclusions in this paper are summarized as follow: 
Observation. Larger than 10MHz of ΔfUEM will be needed due to wider operating band and wider transmission bandwidth, especially for the more stringent Cat B spurious emission limits.

Proposal: NR should be specified with an UEM defined with ΔfUEM= 50 MHz for bands wider than 100 MHz.

4 Reference

[1]
R4-1702837, "NR BS unwanted emission mask for below 6GHz" (ZTE Corporation).
[2]
R4-1703094, "NR BS boundary between out-of-band and spurious domain below 6 GHz" (Ericsson).
[3] R4-1704354, WF on NR Base Station emission mask, Ericsson, ZTE
[4] R4-1704410, WF on 3.3-4.2 GHz and 4.4-4.99 GHz NR spectrum, NTT DOCOMO, INC., Intel, Qualcomm, Qorvo, Skyworks, Ericsson 







 2/2

