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1 Introduction
During RAN#95-e,the new SI NR BS RF requirement evolution was approved [1],with the following objective:
· [bookmark: OLE_LINK35]mmWave multi-band BS
Study the following aspects for FR2 multi-band BS:
· Example bands: 
· 26+28 GHz: n258 + n261
· 28+39 GHz: n257/n261 + n260
· 26+40 GHz: n258 + n259/n262
· 28+40 GHz: n257/n261 + n259/n262
· Investigate the feasibility and performance of wideband RF and antenna architectures covering multiple FR2 bands
· Investigate if FR1 multi-band methods are re-usable for FR2,and (if so) agree on the appropriate inter-RF BW gaps 
· Investigate if FR1 exceptions are acceptable for FR2 
· Investigate whether a generic solution for all combinations within FR2-1 is possible and/or a solution for all or a part of the frequency range should be targeted  
· Frequency range 24-29 GHz which includes n257/n258/n261
· Frequency range 37-48 GHz which includes n260/n259/n262
· Study the definition of FR2 multi-band BS

[bookmark: _GoBack]In this contribution we initiate some general discussion that are relevant to mmWave multi-band BS. 
2 [bookmark: _Ref178064866]Discussion
2.1 Bands combination
The specific band combinations depend on the spectrum allocation, operator’s requirements, and technical feasibility. Several example band combinations have already given in the SID, including 26+28GHz, 28+39GHz,26+40GHz,and 28+40GHz.
· 26+28 GHz: n258 + n261
· 28+39 GHz: n257/n261 + n260
· 26+40 GHz: n258 + n259/n262
· 28+40 GHz: n257/n261 + n259/n262
The FR2 frequency bands involved in these combinations are shown in Figure 2.1-1.
[image: ]
Figure 2.1-1． 3GPP FR2 bands
*Note:Since n263(57-71GHz) is located for unlicensed,is not shown on the figure.
In addition, several inter-band CA operating bands in FR2 are defined in 3GPP TS 38.101-2 [2], as shown in following Table. These CA combinations are potential candidates for FR2 multi-band BS.
Table 5.2A.2-1 in [2]: Inter-band CA operating bands in FR2
	NR CA Band
	NR Band
(Table 5.2-1)

	CA_n257-n2591
	n257,n259

	CA_n258-n2601
	n258,n260

	CA_n258-n2611
	n258,n261

	CA_n260-n2611
	n260,n261

	NOTE 1:	The minimum requirements apply only when there is non-simultaneous Rx/Tx operation between inter-band NR carriers in the current version of this specification.



2.2 Definition of FR2 multi-band BS
In current specification 3GPP TS 38.104[3], for FR1 multi-band connector and multi-band RIB are defined for conducted requirements and OTA requirements respectively. 
multi-band RIB: operating band specific RIB associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band.
However, no clear definition of multi-band BS is given in the specification, “BS capable of multi-band operation” is used instead.
In TR37.812 [4], the definition of MB-MSR BS is given as:
MB-MSR Base Station: MSR Base Station characterized by the ability of its transmitter and/or receiver to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s).
TR37.812 [4] also lists several possible implementations for receiver and transmitter, as shown in following figure. One possible approach is to use multi-band receive/transmitter implementation for MB-MSR which can cover multiple band. Other implementation approaches could be to have receiver/transmitter implementation covering a single band.


Figure 5.3.1.1 in [4]: Possible logical implementation of receivers and transmitters
From the above definition, at least the transmitter or the receiver has to cover multi-band with common active RF components. The concept comes from MSR for multi-RAT and then extent to MB-MSR for multi-band, and only conducted requirements was defined at the time. For an OTA interface, it is difficult to distinguish the source of unwanted emission. Furthermore for type 2-O multi-band operation, where the frequency span is significantly larger than that of FR1, maybe we can re-examine the multi-band definition for FR2. The following architectures should be further studied.
1) Multi-band transmitter and/or receiver with common active RF components
2) Single-band transmitter and receiver 
3) Configurable BS for different bands with the same hardware
4) BS covers full-band or sub-band of band A and band B
5) BS covers consecutive spectrums with different band number, for example, n258+n261
6) BS covers overlapping spectrums with different band number, for example, n258+n257

Proposal 1: To revisit the definition of multi-band BS for FR2, based on the following scenarios.

2.3 FR1 multi-band method 
One objective of the NR BS RF requirement evolution SI is to investigate if FR1 multi-band methods are re-usable for FR2 and further investigate if FR1 exceptions are acceptable. Paper [5] discusses at how multi-band requirements are applied to FR1 and indicates what actions are required to generate multi-band requirements for FR2 if we agree to reuse the FR1 multi-band method. Simply put, the FR1 multi-band method is that:
· Inclusion of the requirement inside the Inter RF Bandwidth gap to the in-band requirements
· Exclusion of the operating bands from the out of band requirements.
The required actions to impliment FR2 multi-band have been identified as follows: [5]
Table2.3-1  The required actions to implement FR2 multi-band
	Clause
	Requirement
	Actions for FR2 MB

	Conducted 
	OTA
	
	

	6.4.1.1
	9.5.2.1
	Transmitter OFF power
	No change needed

	6.6.3.1
	9.7.3.2
	ACLR
	Action 1: agree the sub-block gaps for the FR2 non-contiguous spectrum can be applied to FR2 multi-band.
Action 2: Extend the ranges in note 3 and 4 to ensure the Inter RF bandwidth gaps are covered.
Action 3: Discuss the scenario of bands spanning the ranges defined in note 3 and 4 and the step in the requirement.
Action 4: agree a set of sub-block gaps for FR2 channel BW’s for CACLR multi-band.

	6.6.6.1
	9.7.4.2
	OBUE
	Observation 1: FR1 OTA multi-band definition referencing does not completely define the requirement.
Action 5: agree the applicability inside the  Inter RF Bandwidth gaps for FR2 (potentially copy FR1 where Inter RF Bandwidth gaps with Wgap < 2*ΔfOBUE).

	6.6.5.1
	9.7.5.2.1
	TX Spurious emissions
	Action 6: apply the SE operating band exemption to FR2 multi-band

	6.6.5.2.3
	9.7.5.2.4
	Additional spurious emissions (co-existence)
	No action required.

	6.6.5.2.4
	9.7.5.2.5
	co-location
	No action required.

	6.7.2.1 / 6.7.3.1
	9.8.2
	Tx intermodulation
	Observation 2: The term multi-band RIBs should be used for the FR1 requirement.

FR2 No action needed.

	7.4.1
	10.5.1
	ACS
	Action 7: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.

	7.4.2
	10.5.2
	In-band blocking (general and narrow band)
	Action 8: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.

	7.5.2
	10.6.2.1
	Out of band blocking
	Action 9: Apply the multi-band exceptions to FR2 minimum requirements sub-clause.

	7.6
	10.7.2
	Rx spurious emissions
	Action 10: Apply the multi-band exceptions text to the BS type 2-O minimum requirements sub-clause.

	7.7.2
	10.8.2
	Receiver Intermodulation
	Action 11: Apply multi-band requirements inside Inter RF Bandwidth gap if it as wide as the interfering signal in the same way as FR1.



Proposal 2: Use Table 2.3-1 as the starting point, and discuss which of the existing multi-band requirements are applicable to FR2. 
2.4 Feasibility study
Feasibility study is one important objective and should be focused on. BS type 2-O typically consists of DAC/ADC, Mixer, Phase shifter, PA, LNA, etc. With higher frequency and higher bandwidth, FR2 Multi-band BS brings new challenges to almost all the components.
[image: ]
Figure 2.4-1 Function block of type 2-O transmitter
1) BS architectures

To support multi-band operation, BS may have different architectures. Take the transmitter as an example, Figure 2.4-2 shows the different combinations of wideband/narrowband PAs/antennas.
[image: ]
Figure 2.4-2 Multi-band transmitter architectures: (a) wideband PA+wideband ANT, (b) narrow-band PA+wideband ANT, (c) wideband PA+narrow-band ANT, and (d) narrowband PA+narrow-band ANT 

2) Wideband RF
Relative bandwidth is an important parameter for RF implementations. Generally, the larger the relative bandwidth, the more challenges are foreseen. Different band combination has different relative bandwidth.
Table 2.4-1 Relative Bandwidths of different bands 
	Band
	FDL,low (MHz)
	FDL,high(MHz)
	absolute BW
	relative BW

	n1+n3
	1805
	2170
	365
	18.4%

	n8+n20
	791
	960
	169
	19.3%

	n258+n261
	24250
	28350
	4100
	15.6%

	n257+n260
	26500
	40000
	13500
	40.6%

	n261+n260
	27500
	40000
	12500
	37.0%

	n258+n259
	24250
	43500
	19250
	56.8%

	n258+n262
	24250
	48200
	23950
	66.1%

	n257+n259
	26500
	43500
	17000
	48.6%

	n257+n262
	26500
	48200
	21700
	58.1%

	n261+n259
	27500
	43500
	16000
	45.1%

	n261+n262
	27500
	48200
	20700
	54.7%



Table 2.4-1 compares several cases for FR1 and FR2 relative bandwidth. It shows a typical FR1 dual band n8+n20 with 19.3% relative BW. When it comes FR2, however, dual-band n258+n262’s relative BW is even up to 66.1%.
FR2 PA usually has lower output power, lower efficiency compared with that of FR1. When the PA bandwidth expands, impedance matching gets more difficult, and in-band flatness deteriorate.
For wideband ADC, limited by the Nyquist sampling theorem, broadband signals leads to a very high sampling rate and high requirements on the ADC. The issue is how to reduce the requirements on the ADC, or how to implement lossless sampling with a larger bandwidth when the ADC capability is available.
Front-End chips supporting multi-band BS, should be ultra-compact, high linearity at a large frequency span, and thermal issues are more severe.
3) Wideband Array Antenna 
The bandwidth of the array antenna depends on many factors such as importance of array element, the spacing between the array elements, the amplitude and the phase of the feeding network. In wide-band antenna arrays, if half-wavelength is designed based on the high frequency, then the performance of low frequency deteriorates. For wide bandwidth,the mutual coupling of array elements can deteriorate linearity and output power.
Another issue for wideband array antenna implemented with phase shift is beam squint, i.e. the beam can shift direction as a function of frequency. Beam squint issue will effect bandwidth of antenna array.
Proposal 3: FR2 multi-band BS has several key technical challenges including wideband RF front-end and wideband antenna. Companies are encouraged to provide the evaluations on the feasibility study.
3 Summary
In this contribution, we give our consideration of spectrum combination, whether to re-considerate the definition of FR2 multi-band BS, then simply discuss the challenges of wideband array antenna and wideband PA. 
Proposal 1: To revisit the definition of multi-band BS for FR2, based on the following scenarios:
1) Multi-band transmitter and/or receiver with common active RF components
2) Single-band transmitter and receiver 
3) Configurable BS for different bands with the same hardware
4) BS covers full-band or sub-band of band A and band B
5) BS covers consecutive spectrums with different band number, for example, n258+n261
6) BS covers overlapping spectrums with different band number, for example, n258+n257
Proposal 2: Use Table 2.3-1 as the starting point, and discuss which of the existing multi-band requirements are applicable to FR2. 
Proposal 3: FR2 multi-band BS has several key technical challenges including wideband RF front-end and wideband antenna. Companies are encouraged to provide the evaluations on the feasibility study.
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