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0	Introduction
[bookmark: _Hlk61608935]This paper continues to discuss open issues on UE power class and ON/ON transient period in FR2-2.
1	Discussion
1.1	FR2-2 Power Class
RAN4 #99e agreements [1]
UE power class framework
· Agreement: Power classes will be a package of four parameters (max EIRP, max TRP, minimum peak EIRP, and EIRP spherical coverage)
· FFS whether EIRP PSD limit needs to be included

Regulatory parameters – Further discussion and review is needed
· Alignment on which values to include is encouraged
· Max EIRP - Discuss whether to include peak EIRP, or avg./mean EIRP
· Max TRP - Consider whether 23 dBm can continue to be used
· Maximum spectral power density (EIRP) - Review latest applicable limits (23 dBm/MHz, 13 dBm/MHz) and discuss whether this limit needs to be included

During RAN4 #99e, a power class framework consisting of four parameters was approved for FR2-2. Additionally, further review on the regulatory parameters included in the framework was encouraged. To this end, we will examine the regulatory limits for the 52.6 to 71 GHz frequency range and discuss how they may be captured in the power classes.

1.1.1 Power class parameters
Maximum EIRP
To assess what maximum EIRP value can be captured for FR2-2, we reviewed the FCC rules [2], TR 38.805 [3] and available ETSI harmonized standards [4]. Table 1.1-1 summarizes our findings for the maximum EIRP limits. For the 52.6 to 71 GHz frequency range, applicable limits generally depend on device type, and antenna gain. For fixed devices, there are also specific limits defined for transmitters located outdoors (bottom of Table 1.1-1). 

Table 1.1-1. Summary of maximum EIRP regulatory limits [2-4]
	
	UE type
	Max average EIRP
	Max peak EIRP

	
	Mobile - FCC
	40 dBm
	43 dBm

	
	Mobile - ETSI
	40 dBm
	

	
	Fixed - FCC
	40 dBm
	43 dBm

	
	Fixed - ETSI
	27 dBm + GAnt, for GAnt < 13 dBi
40 dBm, for 13 dBi ≤ GAnt < 30 dBi
	

	Transmitters
located outdoors
	Fixed - ETSI
	55 dBm, for 30 dBi ≤ GAnt
	

	
	Fixed P2P - FCC
	82 dBm for GAnt > 51 dBi
82 - 2*(51 – GAnt) for GAnt ≤ 51 dBi
	85 dBm for GAnt > 51 dBi
85 - 2*(51 - GAnt) for GAnt ≤ 51 dBi



For mobile devices, the max average or mean EIRP is 40 dBm, and the max peak EIRP is 43 dBm. This means that we can continue to capture the max peak EIRP as 43 dBm for mobile devices in FR2-2. However, ETSI only lists a max mean EIRP in their standards. This can be addressed by adding a note to the power class table explicitly stating ETSI only defines a max mean EIRP limit, and its value is 40 dBm (same as FCC).  Alternatively, we can capture both the max peak EIRP and the max mean EIRP.

Observation 1.1-1: While the 43 dBm max peak EIRP value used in FR2 can continue to be used for mobile devices up to 71 GHz from FCC perspective, ETSI only lists a max mean EIRP. 

Proposal 1.1-1: For mobile devices in FR2-2, capture the regulatory parameter maximum peak EIRP = 43 dBm and add a note for the maximum mean EIRP information.
For fixed devices, the FCC limits are 43 dBm for max peak EIRP and 40 dBm for max average EIRP. For ETSI, the max average EIRP depends on the antenna gain. For 13 dBi ≤ GAnt < 30 dBi, where most of our design antenna gains are expected to be, the max average EIRP is 40 dBm. Like Proposal 1.1-1 suggests for mobile devices, the max peak EIRP value of 43 dBm can be captured for fixed devices, along with a note on the max average EIRP value and the antenna gain conditions defined in ETSI.

Observation 1.1-2: The FCC limits for fixed devices are 43 dBm for max peak EIRP and 40 dBm for max average EIRP. For 13 dBi ≤ GAnt < 30 dBi, the max average EIRP limit for ETSI is also 40 dBm.

For fixed transmitters located outdoors, both the FCC and ETSI list separate limits, which depend on the antenna gain. As shown in Table 1.1-1, the FCC max peak EIRP and max average EIRP values depend on the antenna gain and how it compares to 51 dBi. It is worth noting that while the equation reduces the transmit power based on the antenna gain, the power levels are not required to be reduced below the 40 dBm max average EIRP and 43 dBm max peak EIRP [2].

For ETSI, if the antenna gain is ≥ 30 dBi, the max mean EIRP is 55 dBm. But, as we highlighted in Observation 1.1-2, if the antenna gain is below 30 dBi (13 dBi ≤ GAnt < 30 dBi), the max average EIRP is again 40 dBm. A note detailing the specific fixed outdoor limits and conditions can also be added to the table. 

Proposal 1.1-2: For fixed devices in FR2-2, capture the regulatory parameter maximum peak EIRP = 43 dBm and add a note for the maximum mean EIRP information. Additionally, a note for the outdoor max EIRP limits can be included. 

Maximum conducted power

Table 1.1-2. Summary of conducted power limit [2-4]
	Emission bandwidth 
	Transmitter conducted power

	BW ≥ 100 MHz
	500 mW = 27 dBm 1

	BW < 100 MHz
	500 mW * (emission BW/100MHz)

	1 Captured as max power at antenna ports in ETSI. In case of lack of suitable methods to measure maximum power level at antenna port or ports, the requirement at antenna port or ports is verified with the test metrics of Total Radiated Power (TRP), i.e., maximum TRP shall be less than or equal to 27dBm [4]



The maximum conducted power limits state 500 mW (or 27 dBm) shall not be exceeded. For transmitters with an emission bandwidth of less than 100 MHz, the FCC further limits the power by multiplying 500 mW with the emission BW divided by 100 MHz (as shown in Table 1.1-2). These aspects should be further discussed before capturing the parameter value.

Observation 1.1-3: The maximum conducted power allowed is 27 dBm. The FCC further limits this value if the emission bandwidth is less than 100 MHz.

Reusing existing power classes
Tx power classes
· Agreement: Further discuss which, if any, of the existing power classes in 38.101-2 can be reused for an unlicensed NR band or a new power class is needed. As basis for power class definition, it is beneficial to discuss what are representative antenna array sizes in this frequency range.



The WF encouraged further discussion on potentially reusing the existing FR2 power classes. To determine if this is possible, two main points need to be verified:
· If the naming and UE type associated with the power class will remain the same for FR2-2
· Whether the captured parameters max TRP and max EIRP need updating for this frequency range

From last meeting’s agreement regarding UE types, we know the same types will be considered for FR2-2. Therefore, the power class naming convention and associated UE type can remain the same for FR2-2. For the second point, we still need to align on the max EIRP and max TRP parameters.

Observation 1.1-4: RAN4 needs to agree on what values to capture for the max TRP and max EIRP parameters before we can conclude which, if any, FR2 power classes can be reused. 

With the regulatory parameters already covered, the upcoming section will focus on an initial analysis of power class performance.

1.1.1 Preliminary EIRP budgets

To assess the expected performance and make progress in providing a more concrete answer to the question posed by RAN1 regarding feasible values [5], we provide a preliminary EIRP budget for FR2-2.

Handheld UE
In FR2, PC3 is the smallest form factor with a baseline assumption of 4-elements for the antenna array. Because of this, integration is more challenging and the achieved min peak EIRP is the lowest out of the power classes. This means, assessing its budget will provide the lowest expected performance. As FR2-2 extends to even higher frequencies, the losses will be inherently larger and design performance is expected to decrease. This can be seen in Table 1.1-3, which details the minimum peak EIRP budget derivation for a handheld UE.

Table 1.1-3. Preliminary minimum peak EIRP evaluation for handheld UE in FR2-2
	Parameter
	Unit
	52.6 - 71 GHz

	Pout per element
	dBm
	5.0
	5.0

	# of antennas in array
	
	4
	8

	Total conducted power per polarization
	dBm
	11.0
	14.0

	Avg. antenna element gain
	dBi
	4.0
	4.0

	Antenna roll-off loss vs freq.
	dB
	-2.5
	-2.5

	Realized antenna array gain
	dBi
	7.5
	10.5

	Polarization gain
	dB
	2.5
	2.5

	Total implementation loss
	dB
	-12.4
	-12.9

	Peak EIRP (Minimum)
	dBm
	8.6
	14.1



The 4-element derivation yields a minimum peak EIRP of 8.6 dBm. Given the FR2 trend for this requirement, this degradation is expected. The budget parameters are similar for the 8-element array, but the overall loss is a little higher due to the larger feednetwork. The derived value for 8-elements is 14.1 dBm. While these are initial values, they provide perspective on the potential performance.

Observation 1.1-5: Preliminary derivations for the minimum peak EIRP of a handheld UE using the baseline 4-element assumption led to 8.6 dBm. For 8-elements, the value is 14.1 dBm.


1.2	ON/ON Transient Period  
In RAN4#99-e meeting, there was a progress on transient period discussion, especially for 120 kHz SCS where RAN4 agreed to reuse the 5 uS from FR2-1 requirement. There are three different transient scenarios and RAN4 has used a single requirement for all transient use cases so far in FR1 and FR2-1. Typically, ON/OFF (both ON-to-OFF and OFF-to-ON) transient scenario have been important transient scenarios in FR1 and FR2-1 where transient period is long enough compared to an OFDM symbol duration for SCS smaller than 120 kHz, or quite close to one OFDM symbol duration for 120 kHz SCS in FR2-1. However, ON/ON transient period becomes critical with higher SCS larger than 120 kHz where one OFDM symbol duration is smaller than 5 uS. Especially, 5 uS transient period is corresponding to multiple OFDM symbol durations for 480/960 kHz SCS. These multiple OFDM symbols cannot be used for UL payload during ON/ON transient period. Therefore. ON/ON transient period is directly impact on UL throughput performance. The typical examples are such scenarios: 
· 1) PUSCH-PUCCH and PUSCH-SRS (Figure 1.2-1) 
· 2) Consecutive slot or long subslot transmission and short subslot transmission time mask (Figure 1.2-2)
· 3) Consecutive long PUSCH slot transmission. 
Typically, in such scenarios the short signals (e.g. SRS or short subslot) are prioritized and the transient period is fully placed in the PUSCH slot, thus resulting in the negative impact on the demodulation performance. In particular, in case of relatively long transient period one or more PUSCH symbols need to be blanked to allow sufficient time for the transient processes and the impact on the PUSCH throughput/BLER is expected.


[image: ]
Figure 1.2-1. PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS

[image: ]
Figure 1.2-2. Consecutive slot or long subslot transmission and short subslot transmission time mask

In our previous analysis in [6], we performed a link-level simulation to evaluate the impact of the ON/ON transient period on the slot boundaries on the PUSCH demodulation performance. A result is reproduced in the table 1.2-1 for 16 QAM modulation. 
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	Table 1.2-1. SNR loss with single slot scheduling for 16 QAM



From the evaluation result above, the existing 5 uS ON/ON transient period is not sufficient to support 16 QAM for 480 kHz and 960 kHz SCS. To support 16 QAM with 480 kHz and 960 kHz SCS, at least 3 uS ON/ON transient period needs to be guaranteed.

A similar performance evaluation was performed for 64 QAM modulation and a result is reproduced in the table 1.2-2.


	
	
	5us
	3us
	1us

	120 kHz
	MCS 17
	1.6
	1.6
	1.6

	
	MCS 22
	 
	 
	 

	
	MCS 26
	 
	 
	 

	480 kHz
	MCS 17
	5.3
	2.8
	1.3

	
	MCS 22
	∞
	∞
	7.4

	
	MCS 26
	 
	 
	 

	960 kHz
	MCS 17
	18.1
	4.5
	1.1

	
	MCS 22
	∞
	∞
	2.2

	
	MCS 26
	∞
	∞
	∞



Table 1.2-2. SNR loss with single slot scheduling with 64 QAM (Note: A cell with red-color fill indicates 1 % BLER cannot be achieved even with ideal (0 uS) transient period due to PN impact)


From the evaluation result, 64 QAM cannot be fully achievable even with 1 uS ON/ON transient period and only partial MCS could be supported. 

Observation 1.2-1: 5 uS transient period applies not only to ON/OFF transient but also ON/ON transient periods.
Observation 1.2-2: 5 uS ON/ON transient period is not sufficient to support 16 QAM modulation in terms of 1 % BLER requirement.
Observation 1.2-3: To support full MCS for 16 QAM modulation, an improved ON/ON transient period faster than 5 uS is required. 
Observation 1.2-4: Full MCS support for 64 QAM is not feasible even with 1 uS ON/ON transient period.

Proposal 1.2-1: Introduce an improved ON/ON transient period for 480 and 960 kHz SCS.
[bookmark: _Hlk79157013]Proposal 1.2-2: Consider {3, 2, 1} uS ON/ON transient period with capability.
Proposal 1.2-3: 64 QAM is not supported in FR2-2.

2	Conclusions
This paper made the following observations and proposals:
FR2-2 Power Classes
Maximum EIRP 
Observation 1.1-1: While the 43 dBm max peak EIRP value used in FR2 can continue to be used for mobile devices up to 71 GHz from FCC perspective, ETSI only lists a max mean EIRP. 

Proposal 1.1-1: For mobile devices in FR2-2, capture the regulatory parameter maximum peak EIRP = 43 dBm and add a note for the maximum mean EIRP information.

Observation 1.1-2: The FCC limits for fixed devices are 43 dBm for max peak EIRP and 40 dBm for max average EIRP. For 13 dBi ≤ GAnt < 30 dBi, the max average EIRP limit for ETSI is also 40 dBm.

Proposal 1.1-2: For fixed devices in FR2-2, capture the regulatory parameter maximum peak EIRP = 43 dBm and add a note for the maximum mean EIRP information. Additionally, a note for the outdoor max EIRP limits can be included.

Maximum conducted power
Observation 1.1-3: The maximum conducted power allowed is 27 dBm. The FCC further limits this value if the emission bandwidth is less than 100 MHz.

Reusing existing power classes
Observation 1.1-4: RAN4 needs to agree on what values to capture for the max TRP and max EIRP parameters before we can conclude which, if any, FR2 power classes can be reused.

Proposal 1.1-4: The FR2 power class naming convention and associated UE type can be reused for the 52.6 to 71 GHz frequency range. The max TRP and max EIRP parameters need further discussion.

Preliminary EIRP budget
Observation 1.1-5: Preliminary derivations for the minimum peak EIRP of a handheld UE using the baseline 4-element assumption led to 8.6 dBm. For 8-elements, the value is 14.1 dBm.


ON/ON Transient Period
Observation 1.2-1: 5 uS transient period applies not only to ON/OFF transient but also ON/ON transient periods.
Observation 1.2-2: 5 uS ON/ON transient period is not sufficient to support 16 QAM modulation in terms of 1 % BLER requirement.
Observation 1.2-3: To support full MCS for 16 QAM modulation, an improved ON/ON transient period faster than 5 uS is required. 
Observation 1.2-4: Full MCS support for 64 QAM is not feasible even with 1 uS ON/ON transient period.

Proposal 1.2-1: Introduce an improved ON/ON transient period for 480 and 960 kHz SCS.
Proposal 1.2-2: Consider {3, 2, 1} uS ON/ON transient period with capability.
Proposal 1.2-3: 64 QAM is not supported in FR2-2.
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