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1 Introduction
FR2 power class specifications lack requirements for devices supporting multiple bands, as the current requirements only apply to UEs supporting a single band [1-3]. Because of this, RAN4 has been discussing a potential relaxation for UEs supporting multiple FR2 bands [4-6].
This contribution details relevant technical information on how to approach multi-band performance, its impact on power class requirements in FR2 and how we may approach discussions to reach an agreement. 
2 Discussion
In May’s RAN4 #87 meeting [1], it was agreed to further discuss and introducing specific requirements for UEs supporting multiple bands in FR2. As discussions progressed, it was decided to focus on the n260/n261 band combination as first priority and that multi-band power class requirements would be approached in a release-independent manner [4]. Relaxation values were not approved, but it was agreed that if an EIRP relaxation is zero (peak or spherical), then it would be zero for EIS as well.
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While potential alternatives were discussed during the last RAN4 meeting, no compromise could be reached and the multi-band relaxations are still TBD [5]. Even though the specific numbers are yet to be defined, it was agreed to take the same relaxations for peak EIRP and EIS, as well as the 50%-tile EIRP and EIS.  
RAN4 #88-Bis [5-6]
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Given our timeline and current agreements, we will focus the rest of the paper on discussing multi-band design implications for power class 3. The paper will also derive relaxations for devices supporting bands n260 and n261 (Case 5) and discuss important things to consider when reaching a compromise.
2.1 Multi-band background

Design and performance considerations

Achieving multi-band performance can be done be either having a single antenna with multiple resonances or by packaging two antennas with different resonances together. We will refer to the latter approach as co-located designs. The frequencies of the antennas that will be packaged together have different wavelengths. This makes material selection important, since the substrate thickness has to yield good performance for both the lower and higher frequencies packaged. It also means there will be a compromise between the thickness of commercially available substrates and the ideal thickness for each frequency. The consequence being, most likely the chosen substrate will yield better efficiency for one of the two bands. Furthermore, once the antennas have been designed, spacing and orientations will also impact performance and are thus chosen to minimize the interaction between the antennas and optimize their performance. Which frequency will ultimately benefit more from optimizations will depend on the solution chosen by manufacturers for their product, based on the available area for the design, spacing dimensions and materials used.

Observation 1: When doing a multi-band design, the performance of each individual frequency will depend on several factors, including the properties of materials used and how optimizations are approached.

While there are ways to mitigate the effects of multi-band antenna designs, these optimizations are bounded by the physical implications of the material used and size of the form-factor the designs are being integrated into. In other words, your package will impact how much you will be able to optimize for RF performance. For power class 3, this is particularly challenging given the size of the handheld form-factor. Thus, there will be an impact in performance.

Observation 2: Performance impact for power class 3 is expected in multi-band designs, especially since the smaller handheld form-factor will limit some optimizations.

With these points in mind, we will now discuss the performance impact seen in our simulation results. Lastly, we will go over the previously reported data and suggest relevant discussion points to help reach an agreement.
2.2 Results

To assess the impact of supporting multiple bands, three separate designs were done: single band covering n260, single band covering n261, and a multi-band covering both frequency bands. Each design was optimized for a handheld form factor, considering size constraints, and relevant materials (glass/plastic). Multi-band performance was achieved through co-located designs. The baseline 4-element design used in power class derivations was chosen to be consistent with minimum requirements. Comparing the performance of the individual single band designs, with the multi-band design will allow us to quantify the impact of supporting multiple bands. Figure 1 compares multi-band vs single band results for band n261, and Figure 2 shows the results for band n260.
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Figure 1.
Comparison of multi-band vs single-band results for n261
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Figure 2.
Comparison of multi-band vs single-band results for n260
For the 28GHz band, in Figure 1 we see there is about a 1.4dB difference between the 50%-tile results. For 39GHz, Figure 2 shows a smaller ~0.4dB reduction at the 50%-tile point. For peak EIRP, differences are negligible.
Observation 3: As illustrated in Figure 1, the multi-band impact on spherical coverage for n261 is 1.4dB.

Observation 4: As shown in Figure 2, the multi-band impact on spherical coverage for n260 is 0.4dB.

Proposal 1: Introduce the following multi-band relaxations to PC3 spherical coverage requirements for devices supporting bands n260 and n261 (case 5): 1.4dB for band n261, and 0.4dB for band n260.

As discussed earlier, the multi-band impact experienced will depend on the optimization limitations of the form factor, material used, and how both bands are optimized. Our results show better performance for 39GHz, as a consequence of the substrate properties, package constraints and chosen spacing. Results at 28GHz indicate more impact is seen. As both designs were optimized together, these results highlight the compromise we face when supporting multiple bands. 
Observation 5: Given the specific package properties a multi-band design may be integrated into, optimizing the designs together will likely present a compromise in performance for one of the bands. 

Predicting which band will suffer greater impact and require more relaxation depends on several factors, as previously stated. Harmonizing on these factors for existing handheld UEs is difficult. Therefore, it makes sense to discuss the available data points and look for a reasonable compromise. 

Observation 6: Impact seen on supported bands depends on many package factors, and harmonizing over these factors is difficult. Therefore, we should discuss a reasonable compromise based on available data.
Summary of reported relaxation data
In this section, we will analyze the reported data. Overall, there are 8 data points available. A summary of the relaxations is found in the table below.
Table 1.
Case 5 multi-band relaxation summary [5]
	Source
	50%-tile – n261

[dB]
	50%-tile – n260

[dB]

	Apple
	0.00
	1.60

	Qualcomm
	0.00
	0.00

	MediaTek
	0.00
	0.60

	Sony
	1.60
	0.00

	LGE
	0.00
	1.00

	Samsung
	0.00
	0.00

	DOCOMO
	0.00
	0.00

	Intel
	1.40
	0.40


For 28GHz, most companies reported a 0dB relaxation. In fact, the average is 0.38dB for this band. The only two data points with relaxation [7, this contribution], explain that the package and how you optimize led to a larger relaxation for the 28GHz band over the 39GHz. The possibility of optimizing for one band over the other was also discussed during the last RAN4 meeting as a potential way forward, but was not agreed.
For 39GHz, half the data has 0dB relaxation, while the other half report relaxations ranging from 0.4dB to 1.6dB. Averaging the results, we get 0.45dB. Given the available, data and since depending on how you approach optimizations relaxations may change, we should discuss additional relaxation options as a potential compromise. The proposal below captures how we may approach these discussions.
Proposal 2: Use available data to further discuss additional relaxation options as possible compromise. Potential options include:
· Raw averages:






0.38dB for 28GHz, 0.45dB for 39GHz

· Shared pain over both bands:


0.42dB for 28GHz, 0.42dB for 39GHz

· Compromise (0 dB for one band):

0.00dB for 28GHz, 0.50dB for 39GHz

· Other options not precluded

3 Conclusion

In this contribution we provided technical background for multi-band coverage in FR2 and presented results of co-located simulations. The following observations and proposals have been made: 

Observation 1: When doing a multi-band design, the performance of each individual frequency will depend on several factors, including the properties of materials used and how optimizations are approached.

Observation 2: Performance impact for power class 3 is expected in multi-band designs, especially since the smaller handheld form-factor will limit some optimizations.

Observation 3: As illustrated in Figure 1, the multi-band impact on spherical coverage for n261 is 1.4dB.

Observation 4: As shown in Figure 2, the multi-band impact on spherical coverage for n260 is 0.4dB.

Proposal 1: Introduce the following multi-band relaxations to PC3 spherical coverage requirements for devices supporting bands n260 and n261 (case 5): 1.4dB for band n261, and 0.4dB for band n260.
Observation 5: Given the specific package properties a multi-band design may be integrated into, optimizing the designs together will likely present a compromise in performance for one of the bands. 

Observation 6: Impact seen on supported bands depends on many package factors, and harmonizing over these factors is difficult. Therefore, we should discuss a reasonable compromise based on available data.
Proposal 2: Use available data to further discuss additional relaxation options as possible compromise. Potential options include:

· Raw averages:






0.38dB for 28GHz, 0.45dB for 39GHz

· Shared pain over both bands:


0.42dB for 28GHz, 0.42dB for 39GHz

· Compromise (0 dB for one band):

0.00dB for 28GHz, 0.50dB for 39GHz

· Other options not precluded
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Agreements: 


Power class requirements are release-independent, and multi-band relaxations are part of power class requirements; therefore, they are release-independent


Proceed with Case 5 as the highest priority and then consider other cases


We have the ability, if shown that it is needed, to add the multi-band relaxation framework to power classes other than PC3 in a release-independent manner


If there is a multi-band relaxation for EIRP (peak or spherical) that is zero, then it is zero for multi-band relaxation for EIS (peak or spherical)





Agreement: 


Same relaxations for peak EIRP & peak EIS, and same relaxations for 50%-tile CDF EIRP and 50%-tile CCDF EIS are defined
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