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1. Introduction
WF on the in-band requirements for FDM of mixed numerologies [1] was agreed in the last RAN4#80bis meeting. As DL requirement for BS, the necessity of in-band emission requirement was discussed but not yet reached consensus.

In this contribution, we consider EVM requirement, and the necessity and OTA testability of in-band emission requirement for NR BS.
2. Current agreements on in-band requirements
2.1. Current agreements on in-band requirements
In [1], the way forward RAN4 needs to study is summarized as below.
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Way forward

» For NR, it is agreed to define in-band emission at transmitter side, and in-band
selectivity requirements at receiver side for both DL and UL
— For UL
+ In-band emission at Tx
— Use LTE UE in-band emission definition as a starting point, but the requirement limits
should be further studied considering the uplink mixed numerologies deployment
» Develop suitable UE Tx EVM requirements to ensure that good transmitted signal quality is
maintained when meeting the new NR in-band emission requirements
* In-band selectivity at Rx
— Use LTE BS in-channel selectivity definition as reference, knowing more work is needed
to study the format of both wanted and interference signals in terms of numerology
configuration ,RB allocation and power levels
— For DL

+ In-band emission at Tx a

— FFS how to specify such requirement, considering the downlink mixed numerologies
deployment. The studies could take the following formats: 1) similar in-band emission
requirement as defined for UL and/or 2) BS Tx EVM requirements for each numerology
involved (with mixed numerology in BS transmission)

* In-band selectivity at Rx

— FFS how to specify such requirement, considering the downlink mixed numerologies
deployment. It is desirable to follow the same format as for UL
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In this contribution, we discuss in-band emission in conjunction with requirement for BS TX.
3. EVM requirement

3.1. Necessity of NR BS EVM requirement
The motivation of EVM requirement is to guarantee the difference between the ideal symbols and the measured symbols after the equalization. Therefore, for NR BS, EVM requirement is necessary to confirm the modulated signal quality regardless of single numerology (non-mixed numerologies) or mixed numerologies. In single numerology case, the factor to cause EVM degradation is the noise over the wanted frequency. On the other hand, in mixed numerologies case, the EVM of one of the numerologies will be affected by not only the noise of its own numerology over its frequency range but also the noise due to the emission level over the frequency from the other numerologies. Namely, for EVM requirement in mixed numerologies case, the emission level from the other numerologies should be considered.
Proposal 1: Regardless of single numerology (non-mixed numerologies) or mixed numerologies, RAN4 should define BS EVM requirement.

Proposal 2: For EVM requirement in mixed numerologies case, the emission level from the other numerologies should be considered.

3.2. EVM requirement considerations for mixed numerologies
As we discussed previous sub-clause, we present the aspects to be considered on EVM requirement for mixed numerologies. In general, the following conditions would make the EVM the worst case (tightest).

· Transmission bandwidth of wanted signal (own numerology) is smallest.

· Transmission bandwidth (s) of interfere signal (the other numerologies) is largest.

· Interfere signals (the other numerologies) exit at adjacent frequency range of the wanted signal (own numerology).

· Sub-carrier spacing of wanted signal (own numerology) is smallest

· Sub-carrier spacing of interfere signal(s) (the other numerologies) is largest

· etc…
Proposal 3: The following aspects should be considered to define the EVM requirements for mixed numerologies, especially as a test condition.

· Transmission bandwidth of wanted signal (own numerology)

· Transmission bandwidth (s) of interfere signal (the other numerologies)

· Relative frequency positions of interfere signals (the other numerologies)

· Sub-carrier spacing of wanted signal (own numerology)
· Sub-carrier spacing of interfere signal(s) (the other numerologies)
· Other if any
4. In-band emission requirement

In this clause, we discuss the necessity of in-band emission requirements in addition to EVM requirement.

4.1. The necessity of NR BS in-band emission requirement
As captured in the background slide in the agreed WF [1], in order to enable frequency multiplexing of mixed numerologies, it would be required to define in-band emission requirement for NR BS. The reason why in-band emission requirement is not defined in the existing BS specifications is that multiplexing of mixed numerologies are not exit in the existing RATs.
With only EVM requirement, it would be difficult to confirm the impact from and/or to other numerologies. Since the impacts depend on some aspects (e.g., transmission bandwidth, frequency gap of CBWs between numerologies, sub-carrier spacing etc.). Thus, we think that in-band emission requirement would be required to confirm the impact to the other adjacent numerologies, in addition to EVM requirement.
Proposal 4: In-band emission requirement would be required to confirm the impact to the other adjacent numerologies, in addition to EVM requirement.
4.2. Testability of NR BS in-band emission requirement
In this sub-clause, we consider the testability of NR BS in-band emission.
If a BS transmits a number of numerologies simultaneously, is it possible to measure the in-band emission? Since there is the wanted signal of other numerologies over the measured in-band emission frequency ranges. RAN4 should study the testability to measure the in-band emission level under the existing the other numerologies wanted signal.
Proposal 5: RAN4 should study the testability to measure the in-band emission level under existing the other numerologies wanted signal.
If it was confirmed that it is difficult to measure the in-band emission level under existing the different numerology wanted signal, the in-band emission level of a certain wanted signal with a certain numerology should be measured under the condition that the other signals using the other numerologies do not exist.
Proposal 6: If it was confirmed that it is difficult to measure the in-band emission level under existing the different numerology wanted signal, the in-band emission level of a certain wanted signal with a certain numerology should be measured under the condition that the other signals using the other numerologies do not exist.
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Figure 1. Relation between wanted signals and in-band emissions of a number of numerologies
5. Conclusion
In this contribution, we considered the necessity and OTA testability of NR BS in-band emission requirement, and obtained following observations and proposals.

Proposal 1: Regardless of single numerology (non-mixed numerologies) or mixed numerologies, RAN4 should define BS EVM requirement.

Proposal 2: For EVM requirement in mixed numerologies case, the emission level from the other numerologies should be considered.

Proposal 3: The following aspects should be considered to define the EVM requirements for mixed numerologies, especially as a test condition.

· Transmission bandwidth of wanted signal (own numerology)

· Transmission bandwidth (s) of interfere signal (the other numerologies)

· Relative frequency positions of interfere signals (the other numerologies)

· Sub-carrier spacing of wanted signal (own numerology)
· Sub-carrier spacing of interfere signal(s) (the other numerologies)
· Other if any
Proposal 4: In-band emission requirement would be required to confirm the impact to the other adjacent numerologies.
Proposal 5: RAN4 should study the testability to measure the in-band emission level under existing the other numerologies wanted signal.
Proposal 6: If it was confirmed that it is difficult to measure the in-band emission level under existing the different numerology wanted signal, the in-band emission level of a certain wanted signal with a certain numerology should be measured under the condition that the other signals using the other numerologies do not exist.
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