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1. Introduction
Previous meetings witnessed multiple rounds of debate prior to convergence on EIRP and EIS requirements for n257 and n260. Much of the contention surrounded radiative gain reduction due to packaging. In this contribution, we propose FR2 Type 1 UE EIRP requirements in n258 consistent with assumptions made for bands resolved earlier. We also propose spec relaxation for UEs designed for multi-band support.
EIS for n258 is treated in a companion paper [1]

2. Discussion

Table 2.0 contains previous agreements on EIRP, for type 1 FR2 UEs [2].

	NR band
	Handheld Power Class Min Peak EIRP (dBm)

	n257
	22.4

	n258
	[21.2-25.2]

	n260
	20.6

	n261
	22.4

	NOTE 1:
minimum peak EIRP is defined as the lower limit without tolerance


Table 2.0: Agreements on FR2 EIRP Requirements for Type 1 UE
There was been a strong push to accommodate glass packaging for UEs, despite their expected radiative performance loss in FR2, as noted in [2]. 
Multi-band UEs
Multiple markets are projected to need multi-band support in FR2, like the US, Europe, China, and possibly others. For example, the US market is expected to demand a 25G+28G+39G UE. This observation leads us to the question: Does multi-band support come with any penalty on radiative performance?

Radome studies show that radiative gain reduction is minimized when radome thickness is a multiple of /2. This dependence on wavelength implies that UE vendors that plan to support multiple FR2 bands must make difficult choices in cover design. A cover optimized for 25G+28G will not work as well for 39G, for example.
Further, module size restrictions dictated by UE packaging considerations can limit achievable antenna element gain as frequency of operation is reduced. This behaviour is expected, because the gain of a radiating element of a given size is inversely proportional to square of the wavelength.
Observation 1: Multi-band FR2 support will cause significant penalty on EIRP performance in at least one of the supported bands.
This expected performance loss must be acknowledged, and a relaxation extended to performance requirements. We use RAN4 convention of denoting this performance relaxation, as it pertains to EIRP, as ΔT. ΔT is the decrease in minimum EIRP requirement. 
Proposal 1: The minimum requirement for EIRP on type 1 UEs that support multiple FR2 bands shall be decreased by an amount ‘ΔTMB’, relative to EIRP for single band operation.
One assumption on UE implementation is that it is optimized for one band and makes a best effort for other bands. For such implementations, one could argue that ΔT would be required only on the second and third bands supported. Alternative UE implementations that distribute the penalty across all operational FR2 bands are also possible. The latter approach would require a non-zero ΔR for all supported bands. We propose the latter approach.
Proposal 2: For a UE that supports operation in multiple FR2 bands, ΔTMB relaxation to EIS applies equally to all FR2 bands.

Also note that the mechanisms driving creation of ΔTMB are not unique to the trasnmit side. These same mechanisms impact transmit side performance also, and hence will need the creation of ΔRMB, discussed in the companion paper [1].
Quantifying ΔTMB 

ΔTMB can be quantified by studying its two significant contributors: cover design considerations and element size restriction. 
Element size restriction is caused by antenna module size restriction, itself due to UE packaging constraints. For example, n258 and n257 could be expected to share elements because of frequency proximity. For a given size, gain is 1.1dB lower at 24.25GHz (low edge of n258) compared to gain at 27.5GHz (low edge of n261). Moreover, the fractional bandwidth at n258 is higher compared to n257, which reduces gain at worst case frequencies further.
UE cover design strongly drives radiative loss performance in all bands. These values require further study by interested parties. 
While these effects require more detailed study, we propose tentative values per table 2.2 below.

Proposal 3: ΔTMB per band combination shall be per table below:

	Multiple FR2 Bands Supported
	ΔTMB (dB)

	n258 + n257
	2.0


	n258 + n261
	2.0

	n261 + n260
	0.0

	n257 + n260
	2.0

	n258 + n260
	2.0


Table 2.2: ΔTMB by FR2 band combination for Type 1 UE

Other band combinations may be added to this table as release-independent status when studies are completed by interested parties. At this point, a special note on narrow bands may be appropriate. n261 was defined as a narrow subset of n257, with the promise of better performance. In keeping with that promise, ΔTMB is set to 0 for some band combinations involving n261. A new narrower band inside n258, when defined, would potentially have similar benefits.
Observation 2: A new narrower band inside n258, when defined, would potentially allow certain band combinations involving the new band to have a ΔTMB value of 0dB.
Basic EIRP requirement for n258 

Proposal 4: With ΔTMB defined, it will be possible to propose minimum requirements for n258 on par with those of n257, per table below:
	NR band
	Handheld Power Class Min Peak EIRP (dBm)

	n257
	22.4

	n258
	[21.2.25.2]

	n258
	22.4

	n260
	20.6

	n261
	22.4

	NOTE 1:
minimum peak EIRP is defined as the lower limit without tolerance


Table 2.3: EIRP table for Type 1 UE updated with n258

3. Conclusion
We have proposed introduction of ΔRMB as a relaxation to EIS requirement, to account for multi-band support.
Proposal 1: The minimum requirement for EIS on type 1 UEs that support multiple FR2 bands shall be increased by an amount ‘ΔTMB’, relative to EIS for single band operation.

Proposal 2: For a UE that supports operation in multiple FR2 bands, ΔTMB relaxation to EIS applies equally to all FR2 bands.

Proposal 3: ΔTMB per band combination shall be per table below:

	Multiple FR2 Bands Supported
	ΔTMB (dB)

	n258 + n257
	2.0

	n258 + n261
	2.0

	n261 + n260
	0.0

	n257 + n260
	2.0

	n258 + n260
	2.0


Other band combinations may be added to this table as release-independent status when studies are completed by interested parties.
Proposal 4: With ΔTMB defined per above, EIS for n258 shall be per table below:

	NR band
	Handheld Power Class Min Peak EIRP (dBm)

	n257
	22.4

	n258
	[21.2.25.2]

	n258
	22.4

	n260
	20.6

	n261
	22.4

	NOTE 1:
minimum peak EIRP is defined as the lower limit without tolerance


These proposals are captured in a companion draft CR [3].
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