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Introduction
The spurious emission for mm-wave bands has been extensively discussed in RAN4 in relation to the LS received from ITU-R inquiring about the feasibility of stricter spurious emission for mm-waves [1].  RAN4 sent an LS response in [2] which also indicated that RAN4 will continue to study the feasible levels.
This paper further discusses the BS spurious emission for mm-wave bands, where possibly some considerations can be adopted for UE. However due to larger BS array sizes compared to UE, it is more challenging to significantly reduce the unwanted emissions for BS compared to UE.
As extensively discussed, measurement bandwidth of 100 MHz or 200 MHz could possibly be useful for cases where emissions are not flat from a UE perspective, and are thus not further discussed in this paper. 
Based on the discussion this paper, a proposed additional LS response to ITU-R WP5D (cc:ECC PT1) is presented in [3]. 
Discussion
There is RAN4 consensus on general baseline spurious emission level of -13 dBm/MHz. while for specific adjacent bands, the general level seems insufficient due to compatibility aspects. As we foresee that -13 dBm/MHz level would not satisfy the regulation and corresponding future regulatory requirement, RAN4 need to indicate reasonable and achievable stricter levels taking to account some constrains and trade-offs. In [4], the implications as well as possibilities to reach stricter spurious emission levels for a BS was extensively discussed. A combination of some solutions could be used to reduce the unwanted emission with some penalties. The following is a summary of the issues and possible solutions:
ACLR, output power and efficiency
The mm-wave transmitter technology and its performance considering the complex relation between the ACLR, efficiency and achievable output power was extensively discussed in [4]. An ACLR level of ~28 dB corresponds to emission level of -13 dBm/MHz for large BS arrays and thus reaching level of close to -30 dBm/MHz implies significant ACLR improvements. Applying large power back-off to improve the ACLR would results in significant lowered available output power which is undesirable from coverage point of view and would degrade the power added efficiency affecting the thermal properties. However, if reaching stricter spurious emission levels is a necessity from compatibility and regulatory point of few, a few dB power back off could be used with the corresponding costs in terms of reduced available power and degraded efficiency. 

Mm-wave transmitter linearization 
Linearization schemes such as Digital Pre-Distortion to assess the PA non-linearities and reduce the unwanted emission was discussed in [4]. Considerations on various beam-forming schemes and scaling the number of linearizers as well as limitation in linearization bandwidth was also elaborated. In addition, complex dependencies between  size of wanted signal and linearization bandwidth and the offset was elaborated indicating the need for additional filtering. It should be noted that, both for linearization and power back-off, the limiting factor for reaching low unwanted emission could be thermal noise or DAC quantization error and thus linearization could be used to reduce the transmitter emission to some extent.

Mm-wave filtering
In [4], the mm-wave filters were discussed in detail. In addition to the importance of integrable filters, the trade-offs considering attenuation, bandwidth, and Insertion Loss (IL) were described. In selecting the best loss-bandwidth trade-off there are some basic dependencies to be aware of:
IL decreases with increasing BW (for fixed fc).
IL increases with increasing fc (for fixed BW).
IL decreases with increasing Q-value
The trade-offs above indicate that in order to reach the attenuation needed to reduce the in-band emissions, either large offsets or high losses would be a consequence, considering the low Q value for mm-wave filters. The large insertion losses would not only reduce the available power but also degrade the sensitivity significantly, as the same filter is used in both transmit and receive paths due to the unpaired nature of mm-wave bands. 
As the compatibility studies in ITU-R indicate the need for additional suppression, the general level of -13 dBm/MHz towards specific bands (23.6 – 24.0 GHz in particular as stated in the LS) would not be sufficient.
[bookmark: _GoBack]Considering the need for reduced emission levels towards some specific bands and the possibility of using different solutions, we would propose a spurious emission level of -25 dBm/MHz or ‑2 dBm/200 MHz as a compromise level where each vendor depending on the selected solution optimize between the bandwidth, attenuation, insertion loss, frequency offset, and the complexity and system performance that would be feasible in mm-wave bands.
As the technology evolves, other trade-offs could be possible reducing the frequency offsets, insertion loss and complexity. 
Proposal 1:
In addition to the baseline spurious emission level, adopt a BS spurious emission level of -25 dBm/MHz or -2 dBm/200 MHz for protection of specific bands, as a compromise level where each vendor depending on the selected solution could optimize between the selected implementation, complexity  and system performance feasible for mm-wave bands.
It should be noted that given the non-flat characteristics of UE emissions as well as the smaller array size, the UE unwanted emission towards specific bands could be even lower. We thus encourage RAN4 to also consider a compromise level of UE unwanted emission for specific bands.




Conclusion
In this paper, a compromise BS unwanted emission level for specific ranges was further discussed considering the possibility to use some solutions, complexity of trade-offs trade-offs and system performance.
The compromise level is proposed to be -25 dBm/MHz or -2 dBm/200 MHz, giving the possibility to optimize between important criteria such as filter losses, frequency offset, insertion loss etc but still allow for future optimization reducing the insertion loss and frequency offset as technology evolves.
The following is proposed:
Proposal 1:
In addition to the baseline spurious emission level, adopt a BS spurious emission level of -25 dBm/MHz or -2 dBm/200 MHz for protection of specific bands, as a compromise level where each vendor depending on the selected solution could optimize between the selected implementation, complexity  and system performance feasible for mm-wave bands.

. 
[bookmark: _In-sequence_SDU_delivery]References    
[1]	R4-1707004, "LIAISON STATEMENT TO 3GPP ON UNWANTED EMISSIONS OF IMT-2020" (ITU-R WP5D).
[2]	R4-1710084, "LS on Unwanted emissions of IMT-2020" to ITU-R WP5D, (RAN4).
[3]	R4-1710583, "LS on Unwanted emissions of IMT-2020" to ITU-R WP5D and ECC PT1, (RAN4).
[4]	R4-1708125, "On spurious emission limits for mm-wave bands" (Ericsson).







	2/3	
