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1. Introduction
In RAN4#92, the impact to BS RF requirements due to the introduction of n259 were discussed. However, some aspects related to BS RF were missing. In this contribution, we further investigate on the expected impact to the BS RF specifications for the introduction of n259.
2.	Discussion
According to revised WID [1], BS core and conformance requirements are included in the objective of this work item as below.
Core part
The purpose of this work item is to specify a new NR TDD operating band, i.e. Band n259, covering at least the range 39.5-43.5 GHz taking into account the potential benefit of an overlap with Band n260. The lower limit of the band will be further analysed and decided by considering spectrum allocations in different regions, operator demands and RF implementation but should not exceed 39.5 GHz.

The objectives are to define:
· Determine the lower limit of Band n259 if lower than 39.5 GHz.
· Transmitter and receiver characteristics requirements for the UE (38.101-2)
· Transmitter and receiver characteristics requirements for the BS (38.104)

Performance part
The objectives are to define:
· The new band to band group for RRM measurement accuracy requirements
· Conformance requirements for BS (38.141)
· Changes to be added to release independence TS 38.307

Observation 1: WI objectives include defining BS transmitter and receiver core and conformance requirements for the introduction of n259.
In RAN4 #91, it was agreed to define the frequency range of n259 from 39.5-43.5GHz (FDL,high – FDL,low = FUL_high – FUL_low = 4000 MHz) [2]. And required changes for general sections were clarified and agreed as below [3]. However, the necessity of changes for BS transmitter and receiver core and conformance requirements has not been discussed so far.
Table 1: Required changes in TS 38.104 for n259
	Section
	Requirement
	Required changes in TS 38.104 

	5.2
	Operating bands
	Operating band of n259 shall be added in to Table Table 5.2-2.

	5.3.5
	BS channel bandwidth per operating band
	Channel bandwidths and corresponding SCS for n259 shall be added in Table 5.3.5-2.

	[bookmark: _Toc526338423]5.4.2.3	
	Channel raster entries for each operating band
	Applicable NR-ARFCN for n259 shall be added into Table 5.4.2.3-2 once the lower frequency limit for n259 is determined.

	5.4.3.3	
	Synchronization raster entries for each operating band
	Applicable SS raster entries for n259 shall be added into Table 5.4.3.3-2 once the lower frequency limit for n259 is determined.



Observation 2: The impact to BS transmitter and receiver core and conformance requirements has not been discussed.
In the following sections, we discuss the necessity of changes for core and conformance specifications based on the objectives agreed in WID.
2.1	Changes for core specification
Table 1 summarizes the frequency ranges that apply to the requirements of each transmitter and receiver. 
Table 1: Summary of the necessity of changes for BS RF conformance specification
	Section 
(TS 38.104)
	Requirement
	Frequency range of operating band applicable to core requirement 
 (NOTE 1)
	Necessity to be updated for introduction of n259

	Radiated transmitter characteristics

	9.2
	Radiated transmit power
	Not mentioned
	No

	[bookmark: _Toc535320734]9.3
	OTA base station output power
	Not mentioned
	No

	9.4.3
	[bookmark: _Toc535320744]OTA total power dynamic range
	Not mentioned
	No

	9.5.2
	OTA transmitter OFF power
	Refer to OTA transient period
	No

	9.5.3
	OTA transient period
	Not mentioned
	No

	9.6.1
	OTA frequency error
	Not mentioned
	No

	9.6.2
	OTA modulation quality
	Not mentioned
	No

	9.6.3
	OTA time alignment error
	Not mentioned
	No

	9.7.1
	General for OTA unwanted emissions
	Not mentioned
(However the definition of ΔfOBUE is not enough)
	Yes
(Need to update the definition of ΔfOBUE)

	9.7.2
	OTA occupied bandwidth
	Not mentioned
	No

	9.7.3
	OTA Adjacent Channel Leakage Power Ratio (ACLR)
	24.25 – 33.4 GHz
37 – 52.6 GHz
	No

	9.7.4
	OTA operating band unwanted emissions
	24.25 – 33.4 GHz
37 – 52.6 GHz
	No

	9.7.5
	OTA transmitter spurious emissions
	Not mentioned
(Step frequency for Cat.B does not cover n259)
	Need to check
(Need to add n259 to table 9.7.5.3.2.3-2 if necessary)

	[bookmark: _Toc535320804]Radiated receiver characteristics

	10.2
	OTA sensitivity
	Not mentioned
	No

	10.3
	OTA reference sensitivity level
	Not mentioned
	No

	10.5.1
	[bookmark: _Toc535320819]OTA adjacent channel selectivity
	24.25 – 33.4 GHz
37 – 52.6 GHz
	No

	10.5.2
	OTA in-band blocking
	Not mentioned
(However the definition of ΔfOOB is not enough)
	Yes
(Need to update the definition of ΔfOOB)

	10.6
	OTA out-of-band blocking
	Not mentioned
	No

	10.7
	[bookmark: _Toc535320834]OTA receiver spurious emissions
	Not mentioned
	No

	10.8
	OTA receiver intermodulation
	Not mentioned
	No

	10.9
	OTA in-channel selectivity
	Not mentioned
	No

	NOTE 1: “Not mentioned” imply applicable to 24.25 – 52.6GHz.



In our analysis, existing core requirements cover frequency range of n259. However, the definition of ΔfOBUE and ΔfOOB need to be updated for the following reason. 
· ΔfOBUE and ΔfOOB
In TS 38.104, ΔfOBUE and ΔfOOB are defined as below. 
Table 9.7.1-1: Maximum offset ΔfOBUE outside the downlink operating band
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

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

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

	BS type 2-O
	FDL,high – FDL,low ≤ 3250 MHz
	1500



Table 10.5.2.3-0: ΔfOOB offset for NR operating bands in FR2
	BS type
	Operating band characteristics
	ΔfOOB (MHz)

	BS type 2-O
	FUL_high – FUL_low ≤ 3250 MHz
	1500



As agreed in [2], the frequency range definition of n259 is from 39.5-43.5GHz and FDL,high – FDL,low = FUL_high – FUL_low = 4000 MHz. On the other hand, the current definition covers up to 3250 MHz operating bandwidth and it is not enough for n259. Therefore, in TS 38.104, the definition of ΔfOBUE and ΔfOOB shall be updated. In addition, corresponding changes shall be done for other BS RF specification (i.e., TS38.141-2).
Proposal 1: In TS 38.104, RAN4 updates the definition of ΔfOBUE and ΔfOOB for the introduction of band n259.

Furthermore, RAN4 need to further check whether to add n259 to the table for step frequency for category B spurious emissions.
· Step frequency for category B spurious emissions requirement
In TS 38.104, Step frequency for category B spurious emissions requirement are defined as below. 
Table 9.7.5.3.2.3-2: Step frequencies for defining the BS radiated Tx spurious emission limits in FR2 (Category B)
	Operating band
	Fstep,1
[GHz]
	Fstep,2
[GHz]
	Fstep,3
[GHz] (Note 2)
	Fstep,4
[GHz] (Note 2)
	Fstep,5
[GHz]
	Fstep,6
[GHz]

	n258
	18
	21
	22.75
	29
	30.75
	40.5

	NOTE 1:	Fstep,X are based on ERC Recommendation 74-01 [19], Annex 2.
NOTE 2:	Fstep,3 and Fstep,4 are aligned with the values for ΔfOBUE in Table 9.7.1-1.



If band n259 is necessary in category B region, the definition of step frequency for n259 shall be added. 
Proposal 2: In TS 38.104, RAN4 adds n259 to table 9.7.5.3.2.3-2 to define step frequency corresponding to the operating band if necessary.
2.2	Changes for conformance specification
Table 1 summarizes the frequency ranges that apply to the test requirements, test system uncertainty and test tolerance of each transmitter and receiver requirements. 
Table 2: Summary of the necessity of changes for BS RF conformance specification
	Section 
(TS 38.141-2)
	Requirement
	Frequency range of operating band applicable to test requirement 
(NOTE 1)
	Frequency range applicable to test system uncertainty (MU) for test requirements
(Sec. 4.1.2)
(NOTE 1)
	Frequency range applicable to test tolerance (TT) for test requirements
(Annex C)
(NOTE 1)
	Necessity to update for introduction of n259

	Radiated transmitter characteristics

	6.2
	Radiated transmit power
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	24.25 – 29.5 GHz
37 – 40 GHz
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	Yes

	6.3
	OTA base station output power
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	24.25 – 29.5 GHz
37 – 40 GHz
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	Yes

	9.4.3
	OTA total power dynamic range
	Not mentioned
	Not mentioned
	Not mentioned
	No

	6.5.1
	OTA transmitter OFF power
	Refer to OTA transient period
	24.25 – 29.5 GHz
37 – 40 GHz
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	Yes

	6.5.2
	OTA transient period
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	-
	-
	Yes

	6.6.2
	OTA frequency error
	Not mentioned
	Not mentioned
	Not mentioned
	No

	6.6.3
	OTA modulation quality
	Not mentioned
	Not mentioned
	Not mentioned
	No

	6.6.4
	OTA time alignment error
	Not mentioned
	Not mentioned
	Not mentioned
	No

	6.7.1
	General for OTA unwanted emissions
	Not mentioned
(However the definition of ΔfOBUE is not enough)
	-
	-
	Yes
(Need to update the definition of ΔfOBUE)

	6.7.2
	OTA occupied bandwidth
	Not mentioned
	Not mentioned
	Not mentioned
	No

	6.7.3
	OTA Adjacent Channel Leakage Power Ratio (ACLR)
	24.25 – 33.4 GHz
37 – 52.6 GHz
	24.25 – 29.5 GHz
37 – 40 GHz
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	Yes

	6.7.4
	OTA operating band unwanted emissions
	24.25 – 33.4 GHz
37 – 52.6 GHz
	24.25 – 29.5 GHz
37 – 40 GHz
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	Yes

	6.7.5
	OTA transmitter spurious emissions
	Not mentioned
(Step frequency for Cat.B does not cover n259)
	Not mentioned
	Not mentioned

	Need to check
(Need to add n259 to Table 6.7.5.2.5.2.3-2 if necessary)

	Radiated receiver characteristics

	7.2
	OTA sensitivity
	Not mentioned
	
	-
	No

	7.3
	OTA reference sensitivity level
	Not mentioned
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	24.25 GHz < f ≦ 33.4 GHz
37 GHz < f ≦ 52.6 GHz
	Yes

	7.5.1
	OTA adjacent channel selectivity
	24.25 – 33.4 GHz
37 – 52.6 GHz
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	Not mentioned
	Yes

	7.5.2
	OTA in-band blocking
	Not mentioned
(However the definition of ΔfOOB is not enough)
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	Not mentioned
	Yes
(Need to update the definition of ΔfOOB)

	7.6
	OTA out-of-band blocking
	Not mentioned
	Not mentioned
	Not mentioned
	No

	7.7
	OTA receiver spurious emissions
	Not mentioned
	Not mentioned
	Not mentioned
	No

	7.8
	OTA receiver intermodulation
	Not mentioned
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	Not mentioned
	Yes

	7.9
	OTA in-channel selectivity
	Not mentioned
	24.15 GHz < f ≤ 29.5 GHz
37 GHz < f ≤ 40 GHz
	24.25 GHz < f ≦ 33.4 GHz
37 GHz < f ≦ 52.6 GHz
	Yes

	NOTE 1: “Not mentioned” imply applicable to 24.25 – 52.6GHz.



There are four cases where there are problems when introducing n259 as the follows:
Case 1: 	Test requirement and corresponding MU and TT do not support the frequency range of n259 (highlighted in blue).
· Radiated transmit power
· OTA base station output power
· OTA transmitter OFF power/OTA transient period
Case 2:	Test requirement supports the frequency range of n259 but corresponding MU and TT do not support the range (highlighted in yellow).
· OTA ACLR
· OTA OBUE
· OTA ACS
	Case 3:	MU supports the frequency range of n259 but TT does not support the range(highlighted in green).
· OTA reference sensitivity level 
· OTA in-channel selectivity
Case 4:	MU does not support the frequency range of n259 (highlighted in gray).
· OTA in-band blocking
· OTA receiver intermodulation

For case 1(highlighted in blue), the test requirements and corresponding MU and TT are defined in the frequency ranges 24.25 – 29.5 GHz and 37 – 40 GHz. To support n259, upper frequency limit shall be expanded to at least 43.5GHz. In general, the MU may increase as the frequency increases, and the MU affected by the change in frequency is mainly the MU of the test equipment (signal generator, spectrum analyzer, network analyzer). However, if we take different MU value for 40-43.5GHz, the different test requirements will be applied to n259 corresponding to the frequency allocation regardless of the same operating band. In order to avoid confusion, the same MU of the test equipment might be used for the frequency range of n259. Therefore, the existing MU and TT shall be used for at least up to 43.5GHz. Whether to be able to expand up to 52.6GHz or not might be discussed in TEI15 if necessary.
For case 2 (highlighted in yellow), the requirements have been already defined up to 52.6GHz and covered n259. For alignment with the test requirements, the upper frequency limit for MU and TT shall be revisited to 52.6GHz.
For case 3 (highlighted in green), there is no alignment between MU and TT. Basically, TT is defined based on MU and TT=MU can be applied for these requirements. Therefore, the upper frequency limit for TT shall be revisited to 52.6GHz.
For case 4(highlighted in gray), a similar approach can be used since these requirements are TT = 0 and only MU value should be discussed. From the same reason of case 1, the existing MU shall be used for at least up to 43.5GHz. Whether to be able to expand up to 52.6GHz or not might be discussed in TEI15 if necessary.

Proposal 3: The existing test requirements, test system uncertainty (MU) and test tolerance (TT) shall be applied to n259 (39.5 GHz – 43.5 GHz). 

· ΔfOBUE and ΔfOOB
Same issue as TS 38.104 can be seen in TS 38.141-2.
 Proposal 4: In TS 38.141-2, RAN4 updates the definition of ΔfOBUE and ΔfOOB for the introduction of band n259.

· Step frequency for category B spurious emissions requirement
Same issue as TS 38.104 can be seen in TS 38.141-2.
Proposal 5: In TS 38.141-2, RAN4 adds n259 to Table 6.7.5.2.5.2.3-2 to define step frequency corresponding to the operating band if necessary.
3.	Conclusion
In this contribution, we further analyse the necessity to update TS 38.104 and TS 38.141-2 for the introduction of n259. 
Observation 1: Objectives include defining BS transmitter and receiver core and conformance requirements for the introduction of n259.
Observation 2: The impact to BS transmitter and receiver core and conformance requirements has not been discussed.

Proposals for TS 38.104:
Proposal 1: In TS 38.104, RAN4 updates the definition of ΔfOBUE and ΔfOOB for the introduction of band n259.
Proposal 2: In TS 38.104, RAN4 adds n259 to table 9.7.5.3.2.3-2 to define step frequency corresponding to the operating band if necessary.

Proposals for TS 38.141-2:
Proposal 3: The existing test requirements, test system uncertainty (MU) and test tolerance (TT) shall be applied to n259 (39.5 GHz – 43.5 GHz). 
Proposal 4: In TS 38.141-2, RAN4 updates the definition of ΔfOBUE and ΔfOOB for the introduction of band n259.
[bookmark: _GoBack]Proposal 5: In TS 38.141-2, RAN4 adds n259 to Table 6.7.5.2.5.2.3-2 to define step frequency corresponding to the operating band if necessary.
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