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Introduction.
This contribution discusses the issues on Fractional bandwidth and percentage bandwidth and provide text proposal to avoid confusion.
Discussion
In the latest version of TR 38.877, the terms “fractional bandwidth” and “percentage bandwidth” are used for the same content. “Fractional bandwidth” is a term which has been used in RAN4 specifications for a bandwidth within an operating band. “Percentage bandwidth” is a new term to extend the concept of the fractional bandwidth applicable to a bandwidth which may spread over multiple operating bands. For TR 38.877 discusses multi-band BS, we propose to replace “fractional bandwidth” in TR 38.877 with “percentage bandwidth”.  It is also proposed to add text that explains the definition of the percentage bandwidth more clearly in the technical report to avoid the unnecessary confusions.

This is a revision of R4-2304711. 
Corrections based on the comments received in the 1st round discussion have been applied.
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[bookmark: _Toc123198381][bookmark: _Hlk132022889]5.1	General
According to the definition in section 6.1, a multi-band FR2-1 BS is a BS that transmits in two or more FR2-1 bands using common active components. In this section, the feasibility of an FR2-1 multi-band BS is considered. The feasibility is examined taking into account technology challenges and emerging solutions. It is possible that not all parts of the BS are multi-band but that some advantage can be gained by implementing some parts as multi-band. For example one potential advantage of a multiband PA might be that power can be distributed between the supported bands offering more flexibility to optimize the power available for each, this requires only a multi-band PA.
The evaluation considers whether the proposed set of FR2-1 requirements is likely to be achievable with present or future implementation possibilities. The study does not aim to conclude on whether a multi-band FR2 solution is more optimal or effective (considering complexity, power, weight etc.) than other possibilities, for example mounting individual radio panels for each band within a BS enclosure.
When discussing the feasibility of wideband components/systems the multi-band bandwidth as a percentage of the carrier frequency should be considered. 
Note that this is generally called fractional BW but in [2] RAN4 specifications the term fractional BW is already defined to mean something specific so is best avoided to prevent confusion. 
Fractional bandwidth (FBW) is defined for a single operating band as shown below:
Fractional bandwidth (FBW) is defined in [2] as , 
where FFBWhigh is highest supported frequency within supported operating band, for which fractional bandwidth support was declared, and FFBWlow is lowest supported frequency within supported operating band, for which fractional bandwidth support was declared.
Multiple operating bands are discussed in this study so the existing definition of fractional bandwidth is not suitable, the term percentage bandwidth is therefore used and defined as follows:
Percentage bandwidth (PBW) is defined in this study as , 
where FPBWhigh is highest supported frequency, for which percentage bandwidth support was declared, and FPBWlow is lowest supported frequency, for which percentage bandwidth support was declared.
Table 5.1-1 shows the percentage bandwidth for the FR2-1 bands and various potential multi-band groups.

Table 5.1-1:Percentage band width of FR2-1 operating band (s)
	Frequency group, NR operating band pairing (lowest, highest)
	Frequency range
	Percentage bandwidth

	26 GHz (n258)
	24250 MHz – 27500 MHz
	12.6%

	28 GHz (n257)
	26500 MHz – 29500 MHz
	10.7%

	28 GHz (n261)
	27500 MHz – 28350 MHz
	3%

	39 GHz (n260)
	37000 MHz – 40000 MHz
	7.8%

	40 GHz (n259)
	39500 MHz – 43500 MHz
	9.6%

	48 GHz (n262)
	47200 MHz – 48200 MHz
	2.1%

	24-29 GHz (n257/n258/n261)
	24250 MHz –29500 MHz
	19.5%

	37-48 GHz (n260/n259/n262)
	37000 MHz – 48200 MHz
	26.3%

	26+28 GHz (n258, n261)
	24250 MHz – 29500 MHz
	19.5%

	28+39 GHz (n257/n261, n260)
	26500 MHz – 40000 MHz
	40.6%

	26+40 GHz (n258, n259/n262)
	24250 MHz – 48200 MHz
	66.1%

	28+40 GHz (n257/n261, n259/n262)
	26500 MHz – 48200 MHz
	58.1%



--------------Next text proposal-------------
5.2.1.4	Summary
It has been shown that:
· Multi-band beamformer IC with common active RF components with 19.5% percentage bandwidth FBW in frequency range 24-29 GHz which includes n257/n258/n261 is technically feasible.
· For RF front-end, TRX chips covering 24-29.5GHz. 27-41GHz RX are shown. A harmonic-selection technique is proposed to extend the receiver’s operating bandwidth up to 24.25-71GHz.
Key components of a multi-band FR2 RF front end are hence available today for certain frequency ranges and band numbers (n257/n258/n261) and it can be envisioned that wider frequency range products could be feasible in the future.
--------------Next text proposal-------------
[bookmark: _Hlk132022917]5.3.2	Single array bandwidth
It can be noted for comparison that there are FR1 multi-band fixed antenna arrays covering 1710MHz to 2690MHz, with a percentage bandwidthFBW  of 44.5% (VSWR of < 1.5:1). Fixed antenna arrays (with no or limited beam steering) however have more flexibility on element separation with values of up to 0.9λ being acceptable as the grating lobe is also fixed and can be attenuated with the element pattern. Whilst FR1 antennas build practices are different, the limitations on element size and spacing between elements are similar to those for FR2.
The radiating element can trade bandwidth against radiation performance. Short dipoles still radiate but the performance degrades the farther from the ideal frequency they are operated at. Defining an exact “acceptable” level of radiation efficiency for a broadband product is not straightforward as other aspects have to be considered (some radiation efficiency may be traded to achieve a broadband system). Also, as the element becomes smaller, its radiation pattern becomes broader these negating its ability to act as a spatial filter for array grating lobes.
The size of the radiating element and the element separation are also dependent, e.g. the elements cannot touch each other. The separation of the elements in terms of wavelength occurs at the highest frequency, as the maximum separation is limited by the grating lobe performance there is an upper limit to how large this separation may be. Therefore, this sets the maximum size of the element (which will be electrically shortest at the lowest frequency).
[image: ]
Figure 5.3.2-1: Example of physical limitations of element size and separation
The maximum separation is also a parameter which is difficult to agree as it depends on a number of things, a fixed antenna array may have a separation of up to 0.9λ (at its maximum operational frequency). In previous studies [xx] it has been assumed for BS antenna simulations that a fully steerable antenna array has a separation of 0.5-0.7λ to avoid grating lobes. 
For example, taking 0.5λ as a lower limit (this could be smaller if short dipoles were used), it then needs to be decided what an acceptable level of side lobe / grating lobe suppression is and also what range of steering is required.
Below, three examples with similar grating lobe levels and different element spacing and steering can be seen:
· 0.7λ element separation with 30° steering
· 0.8λ element separation with 20° steering
· 0.9λ element separation with 10° steering

[image: ][image: ]
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Figure 5.3.2-1	 Array pattern: 0.7λ element separation with 30° steering, 0.8λ element separation with 20° steering, 0.9λ element separation with 10° steering
Each of these maximum separations equates to a percentage BW of 33%, 46% and 57%, respectively, and it is clear that grating lobe level and steering range can be traded against percentage bandwidthFBW. Once again, selecting an exact set of conditions to estimate a maximum percentage bandwidthFBW  is difficult as it depends on the product definition.
Using another approach and taking antenna element separation 0.5λ at a higher limit, the scanning angle reaches ±60º at 26 GHz and ±45º at 38 GHz with acceptable side lobe/grating lobe levels, as shown in Figure 5.3.2-2. The corresponding spacing will be 0.34λ at a lower limit. The isolation among the antenna elements at a lower limit can be ensured with the use of decoupling structures.
[image: ]     [image: ]
(a)                                           (b)
Figure 5.3.2-2. Beam scanning performance in azimuth plane when antenna element separation is 0.5λ at higher limit (a) 26 GHz, and (b) 38 GHz.

In addition to the physical limitations and grating lobe performance discussed, it should also be noted that the array is electrically shorter at lower frequencies than higher frequencies and this also affects the antenna directivity and gain. For example, there is approximately 3dB gain difference between low band (26GHz) and high band (38GHz) that can be seen in Figure 5.3.2-2. This factor may also be a consideration when planning an antenna design.
However, based on existing technology it has been agreed that multi-band AA (Antenna Array) with common radiated element with 19.5% percentage bandwidthFBW  in frequency range 24-29 GHz which includes n257/n258/n261, or with 26.3% percentage bandwidthFBW  in frequency range 37-48 GHz which includes n260/n259/n262 is feasible, at least from antenna array perspective.

--------------End of text proposal-------------
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Lmin=0.5λ, Smax=0.7λ

At 40GHz

Smax=0.7λ, so S=5.25mm

Hence Max L = 5.25mm 

Min frequency for Lmax=0.5 λ element is 28.6GHz
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