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1. Introduction
At the last RAN4 meeting (RAN4#102-E) specific details related to NR BS RF core requirements applicable for the frequency range 52.6 to 71.0 GHz was extensively discussed. The meeting outcome and guidance for this meeting was captured in a way forward contribution in [1]. 
In this contribution we present an overview of BS transmitter requirements, additional information and some proposals necessary to progress the work related to defining RF core requirements for the NR extension up to 71 GHz. 

2. Discussion
In the following sections solutions for non-resolved issues is presented.
2.1	EVM
For NR modulation quality is defined by the difference between the measured carrier signal and an ideal signal. The modulation quality is in RAN4 defined as Error Vector Magnitude (EVM), which related to transmitted signal SNR. The transmitted signal SNR is calculated in logarithmical scale from EVM in % as:

During the SI phase, up-to-date phase noise characteristics and parameterized models were presented and documented in TR 38.808, subclause 4.2.3 [3]. During the link evaluation analysis to decide on numerology, modulation schemes up to 64QAM were investigated. Due to degradation in phase noise when moving towards higher frequencies, the analysis indicated that the performance is limited by UE phase noise regardless of chosen model.
The highest supported modulation scheme sets a requirement on the implementation to provide a minimum signal SNR for the transmitted signal. The highest modulation order for FR2-2 is 64QAM with a minimum EVM of 8 %, which corresponds to a transmitter signal SNR of 21.9 dB. Typically, for base station transmitter implementations, the SNR achieved for the wanted signal is related but not equal to the expected unwanted emission relative ACLR. 
At previous RAN4 meeting it was agreed to re-use FR2-1 support for modulation schemes up to 64QAM. As a result, the specified support will differ between FR2-1 and FR2-2. In Table 2.1-1, EVM limits for supported PDSCH modulation schemes within FR2 are listed.
Table 2.1-1: EVM requirements applicable for FR2
	Applicability
	Modulation scheme for PDSCH
	Required EVM 
(%)

	FR2-1, FR2-2
	QPSK
	17.5 

	FR2-1, FR2-2
	16QAM
	12.5 

	FR2-1, FR2-2
	64QAM
	8.0 

	FR2-1
	256QAM
	3.5



Since the applicability with FR2 will be different for FR2-1 and FR2-2, the table in the specification needs to be updated to describe the differences as visualized in tables below.
At last, RAN4, it was agreed to evaluate the possibility to set the EVM window length to 50% for normal CP length. For the case with 120 kHz SCS, parameters FR2 can be adopted, hence, 50% window length can be used as indicated in Table 2.1-2. For 480 kHz and 960 kHz SCS, further discussions are required as analysis has not been performed for the subcarrier spacings 480 kHz and 960 kHz in FR2-1 discussions and hence new tables required for FR2-2 in Table 2.1-3 and Table 2.1-4. Additionally, as FFT size in the tables have been added based upon agreements where 4096 shall be the largest FFT size considering for FR2-2 channel bandwidths.  
[bookmark: _Hlk90295831]Table 2.1-2: EVM window length for normal CP, FR2, 120 kHz SCS
	Channel 
bandwidth
(MHz)
	FFT size
	CP length in 
FFT samples
	EVM window 
length W
	Ratio of W to total 
CP length
(%)

	50
	512
	36
	18
	50

	100
	1024
	72
	36
	50

	200
	2048
	144
	72
	50

	400
	4096
	288
	144
	50



[bookmark: _Hlk90298617]Table 2.1-3: EVM window length for normal CP, FR2-2, 480 kHz SCS
	Channel 
bandwidth
(MHz)
	FFT size
	CP length in 
FFT samples
	EVM window 
length W
	Ratio of W to total 
CP length
(%)

	400
	4096
	72
	36
	50

	800
	4096
	144
	72
	50

	1600
	4096
	288
	144
	50



Table 2.1-4: EVM window length for normal CP, FR2-2, 960 kHz SCS
	Channel 
bandwidth
(MHz)
	FFT size
	CP length in 
FFT samples
	EVM window 
length W
	Ratio of W to total 
CP length
(%)

	400
	4096
	36
	18
	50

	800
	4096
	72
	36
	50

	1600
	4096
	144
	72
	50

	2000
	4096
	180
	90
	50



Proposal 1: For EVM, add new tables with information only agreed values and remaining FFS 480 kHz and 960 kHz as described in Table 2.1-3 and Table 2.1-4. Put values within [] util conformance test feasibility issues are resolved. 

It has been previously discussed during the NR Rel-15 work the relationship between CP length and EVM window length requirements. As compared to NR FR1 and FR2-1 to the FR2-2 the channel bandwidths are larger and thus it may lead to consider larger filter implementation needed to meet the spectrum confinement requirements. Previously as an example it was used as an approximation for 100 MHz with 15 kHz subcarrier spacing was 200 taps. Reserving this portion of the CP for the filter impulse response that would lead to approximately 60% of the CP leaving the left over 40% for the EVM window. The filter length has more considerations than simply the channel bandwidth, but also the emissions level but also the spectrum utilization. As the EVM window calculation depends upon the CP length (variable upon subcarrier spacing), FFT size and also the spectrum utilization it is therefore suggested to keep the ratio of window length to the total CP length for further study until system parameters of spectrum utilization has been concluded.  




2.2 ACLR
For Adjacent Channel Leakage Ratio (ACLR) the requirements should be defined for lowest and highest carrier bandwidth. In current version on technically endorsed draft CR for TS 38.104 [4] the carrier bandwidths for FR2-2 are missing. The missing carrier bandwidths is added in Table 2.2-1.
Table 2.2-1: BS type 2-O ACLR limit
	BS channel bandwidth of lowest/highest carrier transmitted
BWChannel (MHz)
	BS adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit
(dB)







	50, 100, 200, 400, 800, 1600, 2000
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	28 (Note 3)
26 (Note 4)
24 (Note 5)

	NOTE 1:	BWChannel and BWConfig are the BS channel bandwidth and transmission bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides largest transmission bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz
NOTE 5:   Applicable to bands defined within the frequency spectrum range of 52.6 – 71 GHz.



Proposal 2: It is proposed to update next version of draft CR to capture all relevant FR2-2 carrier bandwidths.























  
3. Conclusion
In this contribution solutions to close open issues related to ACLR and EVM is presented. 
The following proposals is presented for approval:
Proposal 1: For EVM, add new tables with information only agreed values and remaining FFS 480 kHz and 960 kHz as described in Table 2.1-3 and Table 2.1-4. Put values within [] util conformance test feasibility issues are resolved. 
Proposal 2: It is proposed to update next version of draft CR to capture all relevant FR2-2 carrier bandwidths.
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