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1	Introduction
RAN has agreed in RP-221001 a new Study Item on NR BS RF requirement evolution with following objectives [1]:
	· [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




This contribution presents aspects that need to be considered in the study of FR2 multi-band BS from perspective of feasibility and performance of wideband RF and antenna architectures. 
2	Discussion
2.1	General
RF requirements for FR1 multiband BS have been studied and specified in Rel-17 [2,3]. Currently, it is for further study if FR2 multiband BS can inherit RF requirements applied to FR1 BS as the FR2 are posing challenges on RF and antenna architectures due to the nature of mmWave communications.
The following aspects need attention in study of feasibility and performance of wideband RF and antenna architectures for FR2 multi-band BS. Our discussion focuses on the scenario that all supported operating bands of a multi-band BS share same physical antenna array.
2.2	Antenna and beamforming architecture
2.2.1	Antenna architecture
The most cost-effective design for antenna array in multi-band BS is to have common physical antenna elements (AE) for transmission/reception of different operating bands. In this context, while the physical antenna parameters, i.e., element size and inter-element spacing (in SI unit) are operating band-independent, the relative AE spacing in terms of wavelength  will be different for every operating band as a result of different carrier frequencies. Typically, radiated element spacing should be approximately 0.5 horizontally to achieve good directivity while having wide horizontal steering angle (direction angle that does not generate grating lobes). If the maximum supported radio bandwidth is spanned over large RF frequency range, it may happen that space between radiated elements in terms of   for some operating band may not met 0.5, i.e., well below or above 0.5 .This has diverse impacts to antenna array’s directivity and maximum steering angle for different operating bands. 
Let us take following examples. A simple approach for multiband antenna array design could be such that the inter-element spacing will correspond to 0.5 at the (virtual) central frequency of the maximum supported radio bandwidth (see Figure 2.2.1-1). As such a relevant trade-off between the lowest and highest operating band can be achieved. Table 2.2.1-1 shows example bands for FR2 multi-band BS and corresponding range of inter-element spacing (in term of ) across the supported operating bandwidths.


Figure 2.2.1-1: Illustration of different bandwidths for multi-band operation
Table 2.2.1-1: FR2 bands of multi-band BS
	
	Band
	Frequency (GHz)
	Virtual centre frequency 
fvc
(GHz)
	Fractional Bandwidth
(fB,high-fA,low)/fvc
(%)
	Inter-element spacing
 @fA,low-@fB,high
	Directivity variation at boresight1
 (dB)

	26+29GHz
	n258
	24.25 - 27.5
	26.3
	15.59
	0.46-0.52 
	-1.39

	
	n261
	27.5 - 28.35
	
	
	0.52-0.53
	

	28-39GHz
	n257
	26.5 - 29.5
	33.25
	40.60
	0.39-0.44
	-3.33

	
	n260
	37 - 40
	
	
	0.55-0.60
	

	28-39GHz
	n261
	27.5 – 28.35
	33.75
	37.03
	0.40-0.42
	-3

	
	n260
	37 - 40
	
	
	0.55-0.59
	

	26-40GHz
	n258
	24.25 - 27.5
	33.875
	56.82
	0.36-0.41
	-4.92

	
	n259
	39.5 – 43.5
	
	
	0.58-0.64
	

	26-40GHz
	n258
	24.25 - 27.5
	36.225
	66.11
	0.33-0.38
	-5.78

	
	n262
	47.2 – 48.2
	
	
	065-0.67
	

	28-40GHz
	n257
	26.5 - 29.5
	35
	48.57
	0.38-0.42
	-4.14

	
	n259
	39.5 – 43.5
	
	
	0.56-0.62
	

	28-40GHz
	n261
	27.5 – 28.35
	37.85
	54.69
	0.36-0.37
	-4.72

	
	n262
	47.2 – 48.2
	
	
	0.62-0.64
	

	Note 1: result is achieved by simulation given frequencies and inter-element spacing and assuming an URA of isotropic elements with 16x64 elements



For 26+29GHz case, the inter-element spacing for every band is close to 0.5, thus there should not be major degradation in directivity or range of steerable angles. However, larger RF BW gap between operating bands may pose higher risks due to different relative inter-element spacings seen by each band. Let us take n258+n262 (26-40GHz) as an example. The lowest operating band (n258) sees inter-element spacing smaller than 0.5 which implies a lower directivity of the antenna array. As directivity of antenna array impacts to EIPR, this means that the resulted EIRP, when given same radiated power for every operating band, would be significantly different between supported operating bands of the BS. For a numerical example, assuming an URA of isotropic elements with 16x64 elements, and inter-element spacing for n258 and n262 are 0.36@25.875GHz and 0.66@47.7GHz, respectively, the delta directivity between band n262 and band n258 is approximately up to 5dB. Note that the similar observation can be also drawn from perspective of fractional bandwidth (FBW). As reported in [3]-Table 9.2.1-2, the directivity variation is higher for higher FBW. Thus, it can be expected that wide supported radio bandwidth may result in significantly high directivity variation, which is aligned with the result shown in Table 2.2.1-1 above. Since requirements on radiated power take directivity into account, the directivity variation may have impacts to output power accuracy.
On the other hand, the maximum steering angle of highest operating band (n262) is also impacted as this band sees inter-column spacing higher than 0.5. Since the inter-column spacing limits the maximum steering angle that not forming grating lobes, the steering angle for the highest operating band may be narrower compared to the other bands. According to the well-known relation of the maximum steering angle and inter-element spacing, the steering angle with 0.67 of inter-element spacing is within
Such narrow range of steering angle, especially in horizontal direction, may not be sufficient for some applications. 
In general, the antenna array could be designed to reduce the inter-element spacing for higher operating bands. However, as we try to decrease the inter-element spacing for highest operation band, this parameter for lowest operating band is also decreased. As such, optimized antenna parameters might be challenging to derive for multiband BS where all bands share a common physical antenna array.
2.2.2 Beamforming architecture
mmWave range allows FR2 BS equipped with greater amount of antenna elements in a same physically constrained area compared to FR1 BS. This makes analog/hybrid beamforming techniques more attractive than fully digital beamforming from BS vendors’ perspective considering cost and size of radio units. From multi-band BS architecture, analog/hybrid beamforming and mmWave-range antenna may have some impacts to current RF architectures which are mainly specified for FR1.
In hybrid/analog beamforming, transmit time-domain (TD) signal from an RF chain is routed to multiple antennas; beamforming weight is applied to the TD signal using phase shifter before being fed to radiated elements, and vice versa for the received TD signal. Typically, phase shifter currently has frequency-invariable phase and gain control by which only one beamforming weight is applied to the TD signal at a time instance regardless of signal’s carrier frequencies. If TD signal consists of multiple-band signals, only one single-band signal is correctly beamformed. This means that correct beamforming is impossible for concurrent transmission of all bands if multi-band BS adopts frequency-invariable-control phase shifter for every antenna. For example, considering n258+n262 (26-40GHz) and assuming that phase shifters apply beamforming weights of band n262 in azimuth angle (10,0) and (20,0) degree. Figure 2.2.2-1 shows that the signal of band n258 is beamformed to undesired direction under impact of the beamforming on n262’s band. 
[image: ][image: ]
Figure 2.2.2-1: Impact of the beamforming on one band to the other band when frequency-independent phase shifters are shared between multiple-band

One may consider using multiple phase shifters connecting to one antenna to enable concurrent beamforming for multiple-band transmission. For such architecture, each RF chain may either convey single-band signal, or multi-band signal but split to multiple single-band signals by, e.g., a diplexer before fed to different phase shifters. The former is considered as single band RIB. For the latter, it is not clear whether it can fit into current definition of multi-band RIB depending on phase shifter implementation. For instance, if phase shifter consists of active RF components (e.g., to control variable gain), then the latter architecture may not be seen as multiband RIB, but rather a single-band RIB.
Alternatively, one may consider splitting the antenna array to smaller sub-arrays, each will transmit beamformed signal of one band. In this case, each RF chain may convey either a single-band signal or a multiple-band signal but be split to different sub-array for each band. The multiband BS can be considered equipped with multiple single-band RIBs for the former, or multiple multi-band RIBs for the latter. In either architecture the antenna array gain decreases 10*log10(N) dB when BS is configured with concurrent N-band transmission. Such architectures might not have been studied for digital beamforming based multi-band BSs.
	single-band RIB: operating band specific RIB supporting operation either in a single operating band only, or in multiple operating bands but does not meet the conditions for a multi-band RIB.
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



It is worth noting that frequency-selective phase shifters have also been being studied and developed. Such components would greatly simplify the implementation of analog beamforming for FR2 multiband BS. However, frequency-invariable-control phase shifters are likely remained as the mainstream method in near future due to its availability/popularity. Therefore, specification and requirements considering RF architecture utilizing frequency-invariable phase shifters still need to be investigated. In general, if a FR2 BS using analog beamforming equipped with active frequency-invariable-control phase shifters, it may not fall into the class of multiband RIB. The definition of BS type 2-O, which may be capable of supporting operation in multiple operating bands, might need to be revisited.
3	Conclusion
In this document, we have pointed the possible issues related to feasibility and performance of wideband RF and antenna architectures for FR2 multiband BS. Our analysis was made for the scenario that a common physical antenna array is shared between all supported operating bandwidths. The following issues were observed:
1) If the supported radio bandwidth is wide
a. the lowest operating band may suffer degradation in directivity.
b. the highest operating band may have limited steerable angle (not to create grating lobes).
c. directivity variation between bands may be large which impacts to power accuracy requirements.
2) Concurrent beamforming for all operating bands at the same time instance is not possible for RF architecture adopting frequency-invariable-control phase shifters.
3) There are options to enable concurrent beamforming for all operating bands at the same time instance for RF architectures adopting phase shifters. However, the definitions of a BS that may be capable of supporting operation in multiple operating bands may not sufficiently cover all possible architectures and thus RF requirements.
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