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1	Introduction
RAN4#80bis agreed a way forward for the in-band requirements for FDM of mixed numerologies in [2]. The following was agreed for DL:
· For DL
· In-band emission at Tx
· 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


In this contribution, we discuss 5G NR BS Tx in-band emission requirements following the RAN4 agreements. 

2	Discussion
RAN4#80 bis identified two possible approaches for  BS Tx in-band requirements in [2]; similar in-band emission requirement as defined for UL and/or BS Tx EVM requirements for each numerology involved (with mixed numerology in BS transmission). As discussed in [3], the current UL in-band emission requirements require some updates in order to support different numerologies. In case of a “simple” extension of the current UL in-band emission scheme with one numerology to NR with number of different numerologies on one NR carrier the UL in-band emission requirements and test would need increase of number of requirement and test cases significantly. This does not sound attractive from the testing complexity perspective. Since DL transmission for different UEs is coming from the same base station even if additional sub-band filtering or windowing is used for sub-band spectral confinement between different numerologies, it would seem attractive to study if extended BS Tx EVM requirements would be able to verify both good BS Tx transmitted signal quality intended for set of UEs in a given sub-band with one numerology and needed spectral confinement to avoid interference from another sub-band with different numerology. 

In this extended EVM approach the additional EVM requirements and tests would be defined by transmitting e.g. two sub-blocks with two different numerologies and a suitable guard band in-between as discussed in our scenario and assumption document in [4]. The EVM would then be measured for both of the sub-blocks using the numerology used in a given sub-block. In case of sufficient spectral confinement the interference  from the sub-block with another numerology would not cause EVM degradation on the measured sub-block whereas insufficient spectral confinement would be seen as degraded EVM compared to the case the same numerology would be used throughout the carrier. The current EVM measurement measured over all allocated resource blocks would still be needed for verifying BS Tx EVM performance in case of one numerology. EVM measured with single numerology for a given sub-block without interfering sub-block with another numerology would also provide a good reference EVM when developing EVM requirements with the presence of different numerologies on neighbouring sub-blocks.

Proposal 1: In addition to the current LTE BS Tx EVM requirements measured with single numerology over all allocated resource blocks, also two numerology EVM requirements with two sub-blocks with different numerologies and guard band in-between would be defined.

Proposal 2: In the two numerology EVM requirements EVM will be measured for both of the sub-blocks using the numerology used in a given sub-block. Both of the EVM results need to meet the corresponding requirements simultaneously.


We have studied the suitability of this extended EVM measurement as a verification method for sufficient spectral confinement between sub-blocks with different numerologies using link simulations in Case 2 of the RAN1 simulation assumptions in Section A.1.1 of TR 38.802  [5]. In the simulations we have used the following simulation assumptions:

· 720 kHz allocation for desired and interfering signal, which are time and frequency synchronized and transmitted with the same power
· Numerology 1: 15 kHz sub-carrier spacing with 4 PRB allocation – desired measured signal
· Numerology 2: 30 kHz sub-carrier spacing with 2 PRB allocation – interfering signal
· 1x1 SISO, rank1, TDL-C 300ns channel
· Modulation: 64-QAM, R=3/4, 64-QAM, R=4/5, 256-QAM, R=3/4 and 256-QAM, R=3/4
· Ideal channel estimation
· No Phase Noise modeled 
· UE mobility 3 km/h
· Guard bands: 0, 90 and 180 kHz


	64-QAM, R=3/4 [image: ]
	64-QAM, R=4/5
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[bookmark: _Ref466033304]Figure 1: DL 64-QAM, R=3/4 and 64-QAM, R=4/5 link simulation results in Case 2 with wanted and interfering signal. Solid line has 0 Guard Band (GB), Dashed line has 6 SC GB (90 kHz) and Dot-Dashed line 12 SC GB (180 kHz)


	256-QAM, R=2/3
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	256-QAM, R=3/4
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Figure 2: DL 256-QAM, R=2/3 and 256-QAM, R=3/4link simulation results in Case 2 with wanted and interfering signal. Solid line has 0 Guard Band (GB), Dashed line has 6 SC GB (90 kHz) and Dot-Dashed line 12 SC GB (180 kHz)

From these initial results we can see that additional filtering and windowing methods for a given sub-band clearly improve BLER performance but even with additional filtering or windowing methods the performance is rather poor without any guard band. In order to distinguish good and bad performance in BS Tx spectral confinement performance in mixed numerology case and even with high order modulations like 64 QAM and 256 QAM, it would seem necessary to define requirements with sufficient guard band but naturally not too large guard band. Naturally, it will be an operator choice for real deployments what guard band to use if any. However, from the requirements perspective it would be good to have clear performance difference between good and bad performances when also implementation margins are included. Based on these simulation results at least 180 kHz (1 PRB, 12 sub-carriers) guard band would seem needed for 256 QAM  in order to obtain  sufficiently good BLER performance for high 256 QAM and thus, in order to be able to distinguish well good and bad performance. Smaller guard band could be sufficient for 64 QAM. . 

Proposal 3: Investigate suitable guard band for the two numerology EVM requirements with a starting point of 180 kHz (1 PRB, 12 sub-carriers) if the performance of 256 QAM modulation is verified.

In Figure 3 we present combined spectrum plot for desired and interfering signals with 64-QAM, R=3/4 and with 90 kHz guard band on the left so that the desired signal is just next to the spectrum mask and interfering signal on the right side of the desired signal with 90 kHz guard band between the desired and interfering signals. Note: Channel filter is not used in these simulations studying in-band impacts. None of the waveforms would exceed the spectrum mask when channel filter is also used. On the right in Figure 3 BS Tx EVM plots for the desired signal per subcarrier and per waveform are presented. In Figure 4 the corresponding spectrum and EVM simulation results are presented for 0 guard band case.



	64-QAM, R=3/4, 90 kHz GB
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	64-QAM, R=3/4, 90 kHz GB
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[bookmark: _Ref466033311]Figure 3: Combined spectrum plot for desired and interfering signals on the left and BS Tx EVM plots for the desired signal per subcarrier on the right, 64-QAM, R=3/4 and 6 SC GB (90 kHz). Note: Channel filter is not used in these simulations studying in-band impacts. None of the waveforms would exceed the spectrum mask when channel filter is also used.

	64-QAM, R=3/4, 0 GB
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	64-QAM, R=3/4, 0 GB
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[bookmark: _Ref466034215]Figure 4 Combined spectrum plot for desired and interfering signals on the left and BS Tx EVM plots for the desired signal per subcarrier on the right, 64-QAM, R=3/4 and 0 GB (0 kHz). Note: Channel filter is not used in these simulations studying in-band impacts. None of the waveforms would exceed the spectrum mask when channel filter is also used.


These initial EVM simulation results show that EVM results for the sub-carriers closer to the interferer are clearly degraded. As expected the impact is even more clearly visible in the case of 0 guard band but also in the 90 kHz guard band case. These results also indicates that EVM would work as a performance metric for validating BS Tx in-band emission performance and would be able count the degradation caused by interference from neighbouring sub-block with another numerology when sufficient sub-band filtering (or guard band) is not used. 
These EVM results also correlate with the corresponding BLER results although the 100% match is naturally not possible as EVM is only showing the BS Tx performance without Rx and radio channel impacts. 

Observation 1: BS Tx EVM results seems to be suitable for validating BS Tx in-band emissions in case of different numerology used in frequency on the same NR carrier.

3	Conclusions
In this contribution we have discussed how DL in-band emission requirements at BS Tx could be defined by utilizing new extended EVM measurement in the presence of two different sub-blocks with different numerologies within one NR carrier. In the document we have also shown simulation results to investigate needed guard band between these two sub-blocks. 

Our initial simulation results also show how the proposed EVM measurements count in-band interference from the interfering sub-block and thus, could be used as a performance metric for validating BS Tx in-band emission performance in case of two different numerologies within the same NR carrier.

Based on the discussion we make the following proposals:

[bookmark: _GoBack]Proposal 1: In addition to the current LTE BS Tx EVM requirements measured with single numerology over all allocated resource blocks, also two numerology EVM requirements with two sub-blocks with different numerologies and guard band in-between would be defined.

Proposal 2: In the two numerology EVM requirements EVM will be measured for both of the sub-blocks using the numerology used in a given sub-block. Both of the EVM results need to meet the corresponding requirements simultaneously.

Proposal 3: Investigate suitable guard band for the two numerology EVM requirements with a starting point of 180 kHz (1 PRB, 12 sub-carriers) if the performance of 256 QAM modulation is verified.
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RappModel,64QAM075,4PRB allocation,10 MHz,PA output power46dBm

CP-OFDM,MSE =-24.8 dB, EVM =5.8
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RappModel,64QAM075,4PRB allocation,10 MHz,

PA output power 46 dBm

CP-OFDM, Before PA: MSE =-20.5 dB, EVM =9.5%

CP-UF-OFDM, Nf=37, Before PA: MSE =-23.4 dB, EVM =6.8%

CP-UF-OFDM, Nf=73, Before PA: MSE =-25.7 dB, EVM =5.2%

f-OFDM, TO=0, Before PA: MSE =-27.1 dB, EVM =4.4%

f-OFDM, TO=4, Before PA: MSE =-23.8 dB, EVM =6.5%

WOLA, Nws=18, Before PA: MSE =-21.1 dB, EVM =8.8%

WOLA, Nws=72, Before PA: MSE =-22.9 dB, EVM =7.1 %
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