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Introduction
During the RAN4 #89 meeting significant progress was achieved with the definition of the multi-band requirement framework for FR2 UEs, as outlined in [3].  This paper identifies one aspect of the multi-band requirement framework for further clarification and makes a proposal for its resolution during the RAN #82 meeting.
Discussion (for information)
One of the aspects of the multi-band framework is the definition and applicability of UE multi-band relaxation factors to power class 3 UEs, as captured in the endorsed draft CR in [4]:

[bookmark: _GoBack]For the UEs that support operation in multiple FR2 bands, minimum requirement for peak EIRP and EIRP spherical coverage in Tables 6.2.1.3-1 and 6.2.1.3-3 shall be decreased per band, respectively, by the peak EIRP relaxation parameter MBP,n and EIRP spherical coverage relaxation parameter MBS,n as specified in Table 6.2.1.3-4. For each combination of supported bands ΔMBP,n and ΔMBS,n apply to each supported band n, such that the total relaxations, ∑MBP and ∑MBS, across all supported bands does not exceed the total value indicated.

Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3
Supported bands
∑MBP (dB)
∑MBS (dB)
n257, n258
≤ 1.3
≤ 1.25
n258, n260
≤ 1.0
≤ 0.753
n258, n261
≤ 1.0
≤ 1.25
n260, n261
0.0
≤ 0.752
n257, n258, n261
≤ 1.7
≤ 1.75
n257, n260, n261
≤ 0.5
≤ 1.253
n258, n260, n261
≤ 1.5
≤ 1.253
n257, n258, n260, n261
≤ 1.7
≤ 1.753
NOTE 1:	The requirements in this table are applicable to UEs which support only the indicated bands
NOTE 2:	For supported bands n260 + n261, ΔMBS,n is not applied for band n260
NOTE 3:	For n260, maximum applicable ΔMBS,n is 0.4 dB



The primary motivation for defining these factors in terms of a total across the UE’s supported bands is to define the multi-band requirements according to a “total pain” approach and to enable OEMs to optimize the UE design according to market needs, as illustrated in the related comments from the offline discussion on this topic [5].

This concept can be illustrated with practical simulation results provided by some companies.  As one example in [6] shows, it is possible to tune certain design parameters to optimize performance in one band vs. another:

 In an effort to further illustrate the practical challenges of multi-band antenna array integration and to motivate the modifications proposed in this paper, a study of array gain vs. spacer thickness was conducted.  The results are plotted in Figure 4 below.

[image: ]
Figure 4: Array gain vs. spacer thickness

The design used in this study consists of two array designs:  one design covers the frequency range from 24 to 30 GHz, and another co-located design covers the frequency range from 37 to 40 GHz; more details are provided in Section 2.2 of this paper.  The array gain relative to a reference value is plotted as a function of spacer thickness, and details sensitive to the design have been removed from the plot.

Observation 9: The spacer thickness parameter represents a trade-off in the performance of the co-located design across the 28 GHz and 39 GHz bands.  As an example, optimizing the spacer thickness for 39 GHz leads to a 3 dB degradation at 28 GHz.  As another example, optimizing the spacer thickness for 28 GHz leads to a 2.5 dB degradation at 39 GHz.


Another company’s contribution has quantified such design tradeoffs in a complete performance simulation (see comparison between Config 1 and Config 2) [7]:

The simulated CDF EIRP spherical performance is shown in Figure 3 for 28 GHz and Figure 4 for 39 GHz. The dual band antennas are compared with single band antennas as described in [6] for 28GHz and similar 39GHz antennas. The result is also listed in Table 1. Depending on which configuration is chosen almost no degradation for a single band can be achieved. However, it may be difficult to get the same performance on all bands compared to single band antennas. Different design prioritizations can be done but tradeoffs in terms of gain, spherical coverage or antenna volume has to be done. An increased design effort could possibly decrease the gap between single band and dual band case even further.
...
Frequency 

28 GHz
39 GHz
Antennas

Config 1
Config 2
Single band
Config 1
Config 2
Single band
Gain @ 99.9% CDF
dB
13
12
13
12.8
11.6
11.0
Gain @ 50% CDF
dB
1.8
4
4.2
2.4
1.2
2.5
Gain @ 40% CDF
dB
0.8
2.8
3.0
1.1
-0.2
1.1
Gain @ 30% CDF
dB
-0.4
1.8
1.4
-0.4
-1.4
-0.2
Gain @ 20% CDF
dB
-1.6
0.4
-0.5
-2.0
-2.6
-1.7
Table 1. Summary of simulated CDF spherical performance
…
The spherical coverage of a handheld UE was simulated on a full smartphone simulation platform. The following observation were made:
Observation 1:	Tradeoffs in terms of gain, spherical coverage or antenna volume has to be done in a dual band design.


In opposition to these observations, NOTE 3 was added to the multi-band framework definition to cap the maximum relaxation for Band n260 at 0.4 dB.  This note effectively prioritizes the performance of Band n260 over other bands.

Taking the UE which supports all FR2 bands (n257, n258, n260, n261) as an example, it is allowed a 1.75 dB total relaxation to be divided among the bands and, according to NOTE 3, it is not allowed to apply a relaxation greater than 0.4 dB to Band n260.  Thus, it may be possible for the designer of this UE to apply up to 1.35 dB of relaxation to a different band, such as Band n258.  The designer is effectively forced to choose a greater trade-off in the performance of some 28 GHz bands over 39 GHz bands.  If such a UE is designed to target a market where FR2 deployments utilize Band n258 predominantly, while also supporting global roaming in the other FR2 bands, then the UE designer loses the freedom to optimize for the “home” deployment market.  This situation is further exacerbated by the need to protect certain passive EESS services and the definition of A-MPR for Band n258 to protect these services [8].  For power class 3 devices this additional power reduction can be up to 1.5 dB for single-carrier operation, up to 3.0 dB when uplink CA is configured with a contiguous RB allocation, and nearly up to 5.0 dB when uplink CA is configured with non-contiguous RB allocations.  Thus, forcing the OEM to apply a larger than necessary multi-band relaxation to Band n258 can further reduce the uplink link budget available to Band n258 deployments, which are already challenged by the EESS service protection requirements.

In the interest of fairness to all possible FR2 deployments, the “total pain” approach was defined for the multi-band framework.  However, the exception represented by NOTE 3 seems to favor certain operators’ deployments over others and reduces the OEM’s ability to optimize FR2 device designs in a market-driven manner.

Proposal 1: In order to maintain fairness of the multi-band requirement framework for FR2 UEs across all possible deployments, NOTE 3 shall be removed from Table 6.2.1.3-4 in TS38.101-2.
Proposals (for approval)
Based on the analysis provided in this paper, the following proposal has been made:
	
Proposal 1: In order to maintain fairness of the multi-band requirement framework for FR2 UEs across all possible deployments, NOTE 3 shall be removed from Table 6.2.1.3-4 in TS38.101-2.
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