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1 Background 

How to specify unwanted emissions for NR BS and UE was on topic for discussion at RAN4#80bis in Ljubljana [1-5]. This paper looks at the different options and proposes how to progress the specification of unwanted emissions.

2 Agreements from RAN4#80bis for mm-wave bands
The following way forward was agreed for BS unwanted emissions [4]:

· Further investigations recommended in following areas

· Carrier-centric SEM or the band/carrier-centric UEM principle

· Choice of border between OOB and spurious domain

· Choice of absolute or relative levels

· Choice of actual value for ACLR requirement

· Follow ACLR agreement; intention is to use new name for TRP metric

· Following principles are considered for defining the “mask”

· FCC limits for mm-Wave bands as a starting point

· The absolute limits should be defined for NR

· Boundary may not be aligned with the ITU-R recommendation. Instead, it should depend on the channel BWs adopted by NR and the band filter rejection capability

The following way forward was agreed for UE RF concerning mm-wave bands [5]:
· How to define the requirements for in-band emissions, ACLR, SEM, spurious emissions, UE to UE co-existence should be studied
· Whether the requirements should be defined as EIRP or TRP or both should be studied
While the agreed Way Forward documents from the previous meeting as presented above did not give much of concrete output, it is now time to start discussing actual mask shapes and numbers to use for the response to WP5D. In doing that, it is important to focus on the purpose of the response, which is to facilitate sharing studies. For this reason, it follows that the output must properly reflect the expected behavior of NR in such a way that it is useful in the sharing and compatibility studies to be performed. The output does however not have to be 100% spec-ready and fine-tuned to the last detail. 

3 Narrowing down the options for how to define unwanted emissions
One of the open issues brought up in [1] was the choice of a carrier-centric SEM or a band/carrier-centric UEM principle and it was noted that for the UE, there is most likely no reason to diverge from the SEM principle applied for LTE.

A reason to have a band/carrier-centric mask (UEM) is that it more properly reflects any substantial attenuation of unwanted emissions that occur outside the operating band due to band filtering. Since BS band filters (if any) for NR in the mm-wave range are not shown to give a substantial attenuation close to the band [7] and only moderate attenuation further away, there is really no strong reason to have a band-centric component of the mask for the BS. If a band-related component is shown at a later stage to have advantages, it can be made a part of the final specifications.

There may however be a need to describe unwanted emissions in case of multiple carriers, possibly of different bandwidths, depending on the final agreements on channel bandwidths, numerology, and access scheme. The mask should therefore be defined relative to the edge of the channel and be “transmission centric” rather than carrier centric.
Since the priority should be to output information to ITU-R that properly reflects NR behavior for sharing studies, it is proposed that a “transmission centric” mask is used both for UE and BS.

PROPOSAL 1:
The emissions in the out-of-band domain for BS and UE should be specified using an “transmission centric” mask, where emission limits are set in relation to the offset from the channel edge.

One of the points agreed in the WF from RAN4#80bis was to use the FCC limits for the mm-wave bands as a starting point. This has the advantage that they would be aligned with general Category A limits in the spurious domain, while at the same time provide a mask “shape” close to the carrier, where FCC Title 47, §30.203 [6] gives an 8 dB relaxation for a frequency range corresponding to 10% of the “authorized bandwidth”. Being a regulation for mm-wave band in place today, it would serve as a very good baseline.
PROPOSAL 2:
The emissions limits should have the new limits in FCC Title 47, §30.203 [6] as a baseline.

ITU-R WP5D has in the LS to 3GPP [8] asked for both ACLR and “Spectral mask” parameters. While ACLR is a very useful tool for co-existence between identical and similar systems, as in the RAN4 co-existence studies, it may not always be useful for compatibility studies with other systems, in particular if the other system has a very different bandwidth. For such systems, a spectrum mask is more useful. There is for this reason a risk that it is the spectrum mask submitted from 3GPP that will be used as the sole tool for assessing NR interference to certain other systems in adjacent bands. 
3GPP should therefore not derive a mask that consists only of an absolute level (from e.g. FCC 30.203 [6]), but we should also make sure that it properly reflects the ACLR performance close to the carrier, in order for ITU-R compatibility studies to correctly represent NR, by having a relative component.
PROPOSAL 3:
The emissions in the out-of-band domain should reflect also the expected ACLR performance by having a relative component corresponding to the ACLR in the two first adjacent channels.
Another point agreed in the WF for the BS [4] is that it should have an absolute level limiting adjacent channel performance. This level would limit the ACLR for smaller power levels, but should also limit the spectrum mask. 
PROPOSAL 4:
An absolute level should limit the spectrum mask (as well as ACLR) for lower output power levels.

With a transmission centric mask, the border to the spurious domain should be set relative to the transmission, in ITU-R regulation defined as an offset from the “carrier center”. ITU-R SM.329 [9] and ITU-R SM.1539 [10] set the border at 2.5x (250%) of the “necessary bandwidth” BN for BN up to 500 MHz and to 1.5BN +500 MHz for BN larger than 500 MHz. 
RAN4 may for different reasons use another interpretation of this offset when final specifications are developed, considering for example possible band filter rejections, but at this point in the process the best way forward is to rely directly in the ITU-R recommendations.
PROPOSAL 5:
The border between out-of-band and spurious domain should be set in line with ITU-R regulation in ITU-R Recommendations SM.329 [9] and SM.1539 [10].

Another important aspect of the spectrum mask is the measurement bandwidth. Also here, the agreed WF is to use FCC limits for mm-wave as baseline, giving a 1 MHz bandwidth. This is also in line with ITU-R Recommendation SM.329 [9], which states a 1 MHz for the frequency ranges in question. 
4 Proposals

There are now only two meetings left to set the parameters to report to ITU-R WP5D. The spectrum mask is something that historically has been quite challenging to get final agreements on, therefore a pragmatic approach is needed to progress. Based on the expected need for input to the ITU-R sharing and compatibility studies and the present state of the RAN4 work, the following is proposed for both BS and UE:

PROPOSAL 1:
The emissions in the out-of-band domain for BS and UE should be specified using an “transmission centric” mask, where emission limits are set in relation to the offset from the channel edge.

PROPOSAL 2:
The emissions limits should have the new limits in FCC Title 47, §30.203 [6] as a baseline.

PROPOSAL 3:
The emissions in the out-of-band domain should reflect also the expected ACLR performance by having a relative component corresponding to the ACLR in the two first adjacent channels.

PROPOSAL 4:
An absolute level should limit the spectrum mask (as well as ACLR) for lower output power levels.

PROPOSAL 5:
The border between out-of-band and spurious domain should be set in line with ITU-R regulation in ITU-R Recommendations SM.329 [9] and SM.1539 [10].
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