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1. Introduction
At the last RAN4 meeting (RAN4#101-bis-E) specific details related to NR BS RF core requirements applicable for the frequency range 52.6 to 71 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
Based on NR BS type 2-O requirements a transmitter requirement overview and status after last RAN4 meeting is presented in Table 2-1.
Table 2-1: Requirement overview 
	Requirement
	TS 38.104 subclause
	Status

	Radiated transmit power
	9.2
	Re-use BS type 2-O requirement.

	OTA base station power
	9.3
	Re-use BS type 2-O requirement.

	OTA output power dynamics
	9.4
	Requirement is defined. NRB allocation is FFS.

	OTA transmit ON/OFF power
	9.5
	Requirement is defined for FR2-2.

	OTA transmitted signal quality
	9.6
	Requirement is defined for FR2-2.  Agreement from last meeting needs confirmation regarding MIMO TAE and CA TAE.

	OTA unwanted emissions
	9.7
	Requirement is defined for FR2-2. Upper bound on band size used to differentiate DfOBUE is FFS.

	OTA transmitter intermodulation
	9.8
	No impact since this requirement is not applicable for BS type 2-O.



As a continuation on previously presented contributions [9] on the topic BS RF transmitter requirements for the frequency range 52 to 71 GHz, additional information will be provided in following sub-sections.
Two bands have been identified as potential candidates to be introduced for the frequency range FR2-2 as listed in Table 2-2. 
Table 2-2: Band proposals for FR2-2
	NR operating band

	Operating band
(MHz)

	n263
	57000 to 71000

	n264
	66000 to 71000



At previous RAN4 meeting it was agreed to define band n263 for unlicensed operation ranging from 57000 to 71000 MHz. In addition, it is essential that the NR specification with extended support up to 71 GHz cater for operation globally for bands in line with local regulation. 

2.1	Unwanted emissions
Unwanted emission requirements include requirement limits on occupied bandwidth, ACLR, OBUE and spurious emissions. The unwanted emission requirement levels both for in-band emissions and spurious emission for NR in 52.6 to 71 GHz need careful considerations. Power Amplifier (PA) dependencies describing the relation between power, linearity and efficiency has been studied during the Study Item (SI) phase. The technical information captured during the SI phase is captured in TR 38.808 [5]. 
At last meeting it was agreed to set DfOBUE to 3500 MHz, as described in Table 2.1-1.
Table 2.1-1: Maximum offset ΔfOBUE outside the downlink operating band
	BS type
	Operating band characteristics 
(MHz)
	ΔfOBUE 
(MHz)

	BS type 1-O
	FDL,high – FDL,low  < 100 
	10

	
	100 ≤ FDL,high – FDL,low  ≤ 900 
	40

	BS type 2-O
	FDL,high – FDL,low ≤ 4000
	1500

	
	4000 < FDL,high – FDL,low  ≤ FFS   
	3500



The band size considered for FR2-2 ranges from 5 GHz for licensed and to 14 GHz for unlicensed band. Last meeting it was agreed to set the lower boundary to 4000 MHz and the upper boundary to FFS for when 3500 MHz applies. Based on the spectrum situation and considered bands the most reasonable value for upper boundary would be 14000 MHz. 
Proposal 1: For DfOBUE set the upper band size boundary to 14000 MHz. 

2.1.1	ACLR
Last meeting the ACLR requirement was settled for FR2-2. The ACLR requirement levels for FR2 is listed in Table 2.1.1-1.
Table 2.1.1-1: 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.



There are still some FFS regarding non-contiguous spectrum in Table 2.1.1-2 and CACLR in Table 2.1.1-3. 

Table 2.1.1-2: BS type 2-O ACLR limit in non-contiguous spectrum
	BS channel bandwidth of lowest/highest carrier transmitted (MHz)
	Sub-block gap size (Wgap) where the limit applies (MHz)
	BS adjacent channel centre frequency offset below or above the sub-block edge (inside the gap)
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	50, 100
	Wgap≥ 100 (Note 5)
Wgap≥ 250 (Note 6)
	25 MHz
	50 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	200, 400
	Wgap≥ 400 (Note 6)
Wgap≥ 250 (Note 5) 
	100 MHz
	200 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	FFS
	FFS
	FFS
	FFS
	Square (BWConfig)
	24 (Note 7)

	NOTE 1:	BWConfig is the transmission bandwidth configuration of the assumed adjacent channel carrier.
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 in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 50 or 100 MHz.
NOTE 6:	Applicable in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 200 or 400 MHz.
NOTE 7:   Applicable to bands defined within the frequency spectrum range of 52.6 – 71 GHz.




Table 2.1.1-3: BS type 2-O CACLR limit in non-contiguous spectrum
	BS channel bandwidth of lowest/highest carrier transmitted (MHz) 
	Sub-block gap size (Wgap) where the limit applies (MHz)
	BS adjacent channel centre frequency offset below or above the sub-block edge (inside the gap)
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	CACLR limit

	50, 100
	50 ≤Wgap< 100 (Note 5)
50 ≤Wgap< 250 (Note 6)
	25 MHz
	50 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	200, 400
	200 ≤Wgap< 400 (Note 6)
200 ≤Wgap< 250 (Note 5)
	100 MHz
	200 MHz NR (Note 2)
	Square (BWConfig)
	28 (Note 3)

26 (Note 4)

	FFS
	FFS
	FFS
	FFS
	Square (BWConfig)
	24 (Note 7)

	NOTE 1:	BWConfig is the transmission bandwidth configuration of the assumed adjacent channel carrier.
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 in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 50 or 100 MHz.
NOTE 6:	Applicable in case the BS channel bandwidth of the NR carrier transmitted at the other edge of the gap is 200 or 400 MHz.
NOTE 7:   Applicable to bands defined within the frequency spectrum range of 52.6 – 71 GHz.




For operation within the frequency range 52.6 to 71 GHz non-contiguous CA operation seems not to be most relevant use-case. For band n263 defined for unlicensed operation it is reasonable to assume that contiguous spectrum will be used for single carrier operation or contiguous CA operation. 
For licensed operation the band is 5 GHz wide, which suitable for contiguous operation of single carrier or contiguous CA operation. 

Proposal 2: For ACLR not define specific requirements for non-contiguous operation in the frequency range 52.6 to 71 GHz.


2.1.2	Spurious emissions
At last meeting the parameter DfOBUE was set to 3.5 GHz. The corresponding adjustments for step frequencies (Fstep,x) is listed in Table 2.1.2-1 for band n263 for unlicensed operation and band n264 for licensed operation.
Table 2.1.2-1: Step frequencies for defining the BS radiated transmitter spurious emission limits in FR2 (Category B)
	Operating band
	Fstep,1
(GHz)
	Fstep,2
(GHz)
	Fstep,3
(GHz) 
	Fstep,4
(GHz) 
	Fstep,5
(GHz)
	Fstep,6
(GHz)

	n257
	18
	23.5
	25
	31
	32.5
	41.5

	n258
	18
	21
	22.75
	29
	30.75
	40.5

	n259
	23.5
	35.5
	38
	45
	47.5
	59.5

	n263
	18
	43
	53.5
	74.5
	84
	127

	n264
	46
	61
	62.5
	74.5
	76
	91



For FR-2, the parameter values related to Fstep,X are based on input from ERC Recommendation 74-01 [19], Annex 2. The values for Fstep,3 and Fstep,4 is aligned with the values for ΔfOBUE in Table 9.7.1-1. 
Proposal 3: For spurious emission, add new table row for band n264 as described in Table 2.1.2-1.

2.2	TAE
In the WF from RAN4 #101-bis-e [1] it is stated:
	…
-	Inter-band CA: 3us.
-	Contiguous intra-band CA (baseline assumption): 65 ns for 480 kHz SCS, 32.5 ns for 960 kHz SCS. RAN4 will make final decision on February RAN4#102-e meeting.
-	Non-contiguous intra-band CA: [260 ns]. (Note: Whether the requirement need to be specified in Rel-17 specification pending on further confirmation whether NC CA is within Rel-17 scope).
-	MIMO: Option 1 baseline assumption; RAN4 will make final decision on February RAN4#102-e meeting.
-	Option 1: 65 ns for 480 kHz SCS, 32.5 ns for 960 kHz SCS.
-	Option 2: 32.5 ns for 480 kHz, 16.25 ns for 960kHz SCS.
…



In TS 38.104 the current requirement for BS type 2-O (FR2), looks like this:
	9.6.3.3	Minimum requirement for BS type 2-O
For MIMO transmission, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.



2.2.1 	MIMO TAE
RAN1 has already concluded that all MIMO signals shall fall within CP in [17]. In order to dimension TAE for MIMO in FR2-2 we have to fulfil:
CP > TAE + TChannel + MRTD		(Eq. 2.2.1-1)
Where:
· CP:  Cyclic Prefix. 
· TAE: Time Alignment Error
· TChannel: Radio channel dispersion

For SCS = 480 kHz and SCS = 960 kHz we have CP = 144*Ts/32 ≈ 146 ns and CP = 144*Ts/64 ≈ 73 ns. The radio channel dispersion is discussed in [5] and in [19], where channel dispersion of 30 to 40 ns is discussed. In LS out from RAN to ITU we can assume MRTD = 0 ns, since we assume colocation. If we add the figures into equation 2.2.1-1, we get, for SCS = 960 kHz:
73 ns > TAE + 40 ns + 0 ns  TAE < 33 ns.
Observation 1: TAE < 33 ns for SCS = 960 kHz, based on theoretical analysis.
If we assume that MIMI TAE = 32 ns for SCS = 960 kHz then we can apply the scaling assumption from WF [1] and we get TAE = 65 ns for SCS = 480 kHz.
In order to further analyse the information in observation 1 then we can resort to simulations. We have used the simulation assumptions in [20]:
Table 2.2.1-1: Simulation assumptions for MIMO TAE
	Parameter
	Values or assumptions

	Carrier Frequency
	60GHz

	Waveform
	CP-OFDM

	System Bandwidth
	400 MHz

	PN model
	3GPP TR38.803 example 2

	DMRS Configuration
	2 DMRS symbols per slot at (2,11)

	PTRS Configuration:
	(K = 2, L = 1)

	PN Compensation
	CPE & ICI

	BS antenna Array configuration:
	2

	UE antenna Array configuration:
	2



The results can be found below:
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Figure 2.2.1-1: BLER results for MIMO TAE
It is obvious that we get some performance loss for TAE = 65 ns for TDL-A 5 ns channel, since last tap of channel is located at 48 ns so we get a total delay of 58 + 65 ns = 113 ns > CP = 73 ns @ SCS = 960 kHz.
Observation 2: Simulations show good performance for TAE = 65 ns @ SCS = 480 kHz and TAE = 32.5 ns @ SCS = 960 kHz.
Proposal 4: MIMO TAE = 32.5 ns for SCS = 960 kHz and TAE = 65 ns for SCS = 480 kHz.

2.4	EVM
For NR modulation quality is defined by the difference between the measured carrier signal and an ideal signal. modulation quality can e.g., be expressed as Error Vector Magnitude (EVM).
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 [5]. 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 transmitted signal SNR is calculated in logarithmical scale from EVM in % as:

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 2.4-1, EVM limits for supported PDSCH modulation schemes within FR2 are listed.
Table 2.4-1: 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 2.4-2. 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 2.4-3 and Table 2.4-4. 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 2.4-2: 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 2.4-3: 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 2.4-4: 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 5: For EVM, add new tables with information only agreed values and remaining FFS 480 kHz and 960 kHz as described in Table 2.4-3 and Table 2.4-4. 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.  





3. Conclusion
In this contribution technical challenges related to the extension of NR to support up to 71 GHz in TS 38.104 [2] have been studied. Additional information for specific requirements has been provided. 
In this contribution we made the following observations:
Observation 1: TAE < 33 ns for SCS = 960 kHz, based on theoretical analysis.
Observation 2: Simulations show good performance for TAE = 65 ns @ SCS = 480 kHz and TAE = 32.5 ns @ SCS = 960 kHz.

Based on the technical analysis provided in this contribution following proposals are presented for approval:
Proposal 1: For DfOBUE set the upper band size boundary to 14000 MHz. 
Proposal 2: For ACLR not define specific requirements for non-contiguous operation in the frequency range 52.6 to 71 GHz.
Proposal 3: For spurious emission, add new table row for band n264 as described in Table 2.1.2-1.
Proposal 4: MIMO TAE = 32.5 ns for SCS = 960 kHz and TAE = 65 ns for SCS = 480 kHz.
Proposal 5: For EVM, add new tables with information only agreed values and remaining FFS 480 kHz and 960 kHz as described in Table 2.4-3 and Table 2.4-4. Put values within [] util conformance test feasibility issues are resolved. 
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