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1	Introduction
This paper continues the discussion of FR2-2 Tx requirements. In the first section we address the UE array size and power class requirements of PC3 and PC1.

2	Discussion
2.1	Power class requirements
Given the expected performance degradation in FR2-2 compared to FR2-1, different array sizes were considered in each power class evaluation. Our minimum peak EIRP budget derivations for different array sizes were provided in [1] and are reiterated in the upcoming sections. 

2.1.1	Handheld UE (PC3)
Minimum peak EIRP
In FR2-1, PC3 is the smallest form factor with a baseline assumption of 4-elements for the antenna array and an overall more challenging integration. Given the substantial losses in FR2-2, two additional array sizes were considered in our analysis. Table 1 details the minimum peak EIRP budget derivation for a handheld UE.

Table 1. Minimum peak EIRP evaluation for handheld UE in FR2-2
	Parameter
	Unit
	52.6 - 71 GHz

	Pout per element
	dBm
	5.0
	5.0
	5.0

	# of antennas in array
	
	4
	8
	16

	Total conducted power per polarization
	dBm
	11.0
	14.0
	17.0

	Avg. antenna element gain
	dBi
	3.5
	3.5
	3.5

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

	Realized antenna array gain
	dBi
	7.0
	10.0
	13.0

	Polarization gain
	dB
	2.5
	2.5
	2.5

	Total implementation loss
	dB
	-12.4
	-12.9
	-13.5

	Peak EIRP (Minimum)
	dBm
	8.1
	13.6
	19.0



Compared to the 4-element array, the budget parameters of the 8-element and 16-element arrays are similar, but the overall loss is a little higher due to the larger feed-network. This leads to a derived value of 13.6 dBm for the 8-element array, and 19 dBm for the 16-element array.

UE antenna array size
To determine which array size is best suited for an FR2-2 handheld UE, performance improvement and integration complexity need to be considered. The results covered in the previous section highlight the performance improvement of using a larger array. We will now assess the size feasibility from an integration perspective, bearing in mind some aspects discussed in RAN4 #101e [2].
· Commercial FR2-1 antenna module physical dimension can be treated as the feasible FR2-2 antenna module dimension
· Commercial FR2-1 antenna module is equipped with 1x4 or 2x2 antenna elements
· Address the concerns related to the following identified factors into the next meeting
· manufacturing feasibility 
· cost
· power consumption
· routing and line loss when supporting FR2-1 and FR2-2
· spacer thickness and pattern distortions with FR2-1 close to FR2-2

Increasing the array size beyond 8-elements for this form-factor will be challenging if we consider the available area, integration with other antenna designs and increased power consumption. From manufacturing and cost perspectives, it is more involved and expensive to add and integrate more antenna elements. Lastly, integrating both an FR2-1 and FR2-2 (whether a single design supports both, or two designs cohabitate the same space area), will imply increasing design and routing complexity, as well as overall losses. Because of this, our view is that an 8-element array is a good trade-off between improved performance and integration complexity.

Observation 1: Considering the handheld form-factor, an 8-element array presents a reasonable compromise, providing increased performance while minimizing the integration impact.

Proposal 1: Use an 8-element array assumption for PC3 in FR2-2 and define the minimum peak EIRP as 13.6 dBm.

It is preferred for RAN4 to align on a common baseline assumption for the array size used in power class derivations. Not only does this reduce the range in proposed values, but it also provides guidance on what “worst-case array size” can be used in MU analysis. The worst-case array size in MU context is larger than baseline assumption used in core discussions [3,4]. However, if agreeing on an array size for PC3 proves too difficult in this meeting, we can focus on the minimum peak EIRP value and agree on an acceptable range as a way forward. Ultimately, if no consensus is reached, we should consider whether two power classes can be defined for handheld UEs in FR2-2.

Observation 2: Aligning on a baseline array size assumption is preferred to reduce the range in proposed values. It also helps provide information needed to derive measurement uncertainty (which uses a larger array size than the core baseline assumption). [3,4]

Proposal 2: If no consensus is reached for the array size assumption, RAN4 should discuss if having two power classes for handheld UEs in FR2-2 is feasible.

2.1.2	FWA UE (PC1)
Agreement: If a single power class is defined for FWA in Rel-17, the number of antenna element assumption is anywhere in the range between 32 and 64 elements.


In RAN4 #101e, it was agreed that for a single FWA power class in FR2-2, the number of antenna elements would range from 32 to 64 elements [2]. Table 2 summarizes the min peak EIRP derivations of a 32 and 64-element array

Table 2. Minimum peak EIRP evaluation for FWA UE in FR2-2
	Parameter
	Unit
	52.6 - 71 GHz

	Pout per element
	dBm
	5.0
	5.0

	# of antennas in array
	
	32
	64

	Total conducted power per polarization
	dBm
	20.0
	23.0

	Avg. antenna element gain
	dBi
	3.5
	3.5

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

	Realized antenna array gain
	dBi
	16.0
	19.0

	Polarization gain
	dB
	2.5
	2.5

	Total implementation loss
	dB
	-12.8
	-13.5

	Peak EIRP (Minimum)
	dBm
	25.9
	31.2



In FR2-1, FWA derivations considered various array sizes and sometimes a middle ground between these was approved. For FR2-2, we believe the 25.9 dBm achieved with a 32-element array is reasonable and implies there can be a power class with greater than 25 dBm EIRP performance, which was a question RAN1 posed earlier this year [5]. If needed, we are open to discuss the evaluations of the two array sizes captured in Table 2 in greater detail. 
Observation 3: The 32-element array yields a reasonable ~26 dBm minimum peak EIRP.

Proposal 3: Use a 32-element array assumption for PC1 in FR2-2 and define the minimum peak EIRP as 25.9 dBm. 

2.2	ON/ON Transient period for 480/960 kHz SCS
The following agreements were captured in RAN4 #101e [6]:
· 5 µs is specified for ON/ON transient time for 480/960 SCS and, 
· RAN4 to evaluate potential gains with shorter ON/ON time and, if found necessary, specify 1,2,3 µs capability for 480/960 SCS ON/ON

ON/ON transient period becomes critical with larger than 120 kHz SCS where one OFDM symbol duration is smaller than 5 µS. Since 5 µS transient period corresponds to multiple OFDM symbol durations for 480/960 kHz SCS, these multiple symbols cannot be used for UL payload during ON/ON transient period. Therefore, ON/ON transient period directly impacts UL throughput performance.

Performance analysis
As previously detailed in [1], we evaluated the impact of the ON/ON transient period on the UL slot boundaries on the PUSCH demodulation performance. Same time, either PUSCH, PUCCH, or SRS reception might be impacted by ON/ON transient period.

To minimize the impact of ON/ON transient period on the slot boundaries on PUSCH performance, a multi-slot transmission scenario was considered (Figure 1). In this scenario we assume that each bundle includes N PUSCH slots and the ON/ON transient periods are located on the bundle boundaries. Scenarios with N = 2, 4 and 8 UL slots per bundle were evaluated.
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Figure 1. Transient period model for multiple PUSCH slot transmissions

Two different gNB strategies for multi-slot PUSCH scheduling were considered in the analysis:
· Option #1: gNB does not consider ON/ON transient period during scheduling and the last symbols of the PUSCH transmission in the last slot of the bundle are corrupted due to ON/ON transient period at the UE TX side.
· Option #2: gNB considers transient period during the scheduling and the PUSCH duration of the last slot within bundle is reduced to allow sufficient time for ON/ON transient between consecutive bundles.

A summary of the simulated results for the UL throughput performance loss relative to 0 µs transient period is provided in Table 3 for Option 1, and Table 4 for Option 2. For the analysis we assumed that symbol is fully punctured on UE side for Option 1 and blanked for Option 2 if the transient period is longer than the CP duration. 

	Table 3: Throughput loss in % compared to the scenario with zero TP for Option 1

	
	Bundling size 2

	 
	5us
	3us
	2us
	1us

	120 kHz
	MCS 10
	10.9
	10.9
	10.9
	10.9

	
	MCS 16
	19.7
	19.7
	19.7
	19.7

	
	MCS 20
	19.1
	19.1
	19.1
	19.1

	480 kHz
	MCS 10
	31.4
	19.9
	6.4
	6.4

	
	MCS 16
	49.8
	36.4
	18.7
	18.7

	
	MCS 20
	46.0
	34.0
	15.8
	15.8

	960 kHz
	MCS 10
	49.0
	31.2
	18.6
	7.4

	
	MCS 16
	50.0
	49.6
	33.7
	15.0

	
	MCS 20
	50.3
	47.7
	36.7
	16.5



	Bundling size 4

	 
	5us
	3us
	2us
	1us

	120 kHz
	MCS 10
	5.1
	5.1
	5.1
	5.1

	
	MCS 16
	9.3
	9.3
	9.3
	9.3

	
	MCS 20
	8.9
	8.9
	8.9
	8.9

	480 kHz
	MCS 10
	15.3
	9.9
	3.2
	3.2

	
	MCS 16
	13.6
	17.5
	8.8
	8.8

	
	MCS 20
	22.8
	16.8
	7.7
	7.7

	960 kHz
	MCS 10
	24.6
	15.5
	9.5
	3.9

	
	MCS 16
	24.9
	24.6
	16.5
	7.3

	
	MCS 20
	25.2
	23.5
	18.1
	8.5



	Bundling size 8

	 
	5us
	3us
	2us
	1us

	120 kHz
	MCS 10
	2.5
	2.5
	2.5
	2.5

	
	MCS 16
	4.8
	4.8
	4.8
	4.8

	
	MCS 20
	4.0
	4.0
	4.0
	4.0

	480 kHz
	MCS 10
	7.4
	4.7
	1.6
	1.6

	
	MCS 16
	12.2
	8.6
	4.4
	4.4

	
	MCS 20
	10.5
	8.1
	3.9
	3.9

	960 kHz
	MCS 10
	12.3
	7.9
	4.7
	2.0

	
	MCS 16
	12.4
	12.2
	8.4
	3.7

	
	MCS 20
	12.2
	11.3
	8.3
	4.0






	Table 4: Throughput loss in % compared to the scenario with zero TP for Option 2

	
	Bundling size 2

	 
	5us
	3us
	2us
	1us

	120 kHz
	MCS 10
	5.0
	5.0
	5.0
	5.0

	
	MCS 16
	5.1
	5.1
	5.1
	5.1

	
	MCS 20
	5.0
	5.0
	5.0
	5.0

	480 kHz
	MCS 10
	15.0
	10.0
	5.0
	5.0

	
	MCS 16
	15.4
	10.2
	5.1
	5.1

	
	MCS 20
	15.0
	10.0
	5.0
	5.0

	960 kHz
	MCS 10
	25.0
	15.0
	10.0
	5.0

	
	MCS 16
	25.6
	15.4
	10.2
	5.1

	
	MCS 20
	25.0
	15.0
	10.0
	5.0



	Bundling size 4

	 
	5us
	3us
	2us
	1us

	120 kHz
	MCS 10
	2.5
	2.5
	2.5
	2.5

	
	MCS 16
	2.6
	2.6
	2.6
	2.6

	
	MCS 20
	2.5
	2.5
	2.5
	2.5

	480 kHz
	MCS 10
	7.5
	5.0
	2.5
	2.5

	
	MCS 16
	7.7
	5.1
	2.6
	2.6

	
	MCS 20
	7.5
	5.0
	2.5
	2.5

	960 kHz
	MCS 10
	12.5
	7.5
	5.0
	2.5

	
	MCS 16
	12.8
	7.7
	5.1
	2.6

	
	MCS 20
	12.5
	7.5
	5.0
	2.5



	Bundling size 8

	 
	5us
	3us
	2us
	1us

	120 kHz
	MCS 10
	1.2
	1.2
	1.2
	1.2

	
	MCS 16
	1.2
	1.2
	1.2
	1.2

	
	MCS 20
	1.2
	1.2
	1.2
	1.2

	480 kHz
	MCS 10
	3.6
	2.4
	1.2
	1.2

	
	MCS 16
	3.7
	2.5
	1.2
	1.2

	
	MCS 20
	3.6
	2.4
	1.2
	1.2

	960 kHz
	MCS 10
	6.0
	3.6
	2.4
	1.2

	
	MCS 16
	6.2
	3.7
	2.5
	1.2

	
	MCS 20
	6.0
	3.6
	2.4
	1.2






Observation 4: 
· Option 1: No gNB scheduling optimizations for ON/ON transient period
· Using 5 µS ON/ON transient period leads to high throughput reduction due to corruption of the PUSCH data symbols. Up to 50% and 12% throughput loss can be expected for bundling size 2 and 8, respectively.
· An improved ON/ON transient period faster than 5 µS is required to support at least full MCS for 16 QAM modulation. 
· Option 2: Optimized gNB scheduling for ON/ON transient period
· Using 5 µS ON/ON transient period leads to high throughput loss even with optimized gNB scheduling without corrupted symbols on UE side. Up to 25% and 6% throughput loss can be expected for bundling size 2 and 8, respectively.
· An improved ON/ON transient period faster than 5 µS allows better throughput performance with almost 20%, 10% and 5% improvement for scenarios with bundling size 2, 4 and 8, respectively. 

Based on the above results, even the optimized gNB scheduling leads to high throughput reduction with a 5 µs transient period. Given the reduced throughput loss of smaller ON/ON transient periods, we suggest introducing improved period values for FR2-2.

Proposal 4: Introduce {1, 2, 3} µS improved ON/ON transient period as the optional UE capabilities for 480 and 960 kHz SCS.

3	Conclusions
In this paper we discussed some Tx requirement open issues for FR2-2. The following observations and proposals were made:

Handheld UE power class
Observation 1: Considering the handheld form-factor, an 8-element array presents a reasonable compromise, providing increased performance while minimizing the integration impact.

Proposal 1: Use an 8-element array assumption for PC3 in FR2-2 and define the minimum peak EIRP as 13.6 dBm.

Observation 2: Aligning on a baseline array size assumption is preferred to reduce the range in proposed values. It also helps provide information needed to derive measurement uncertainty (which uses a larger array size than the core baseline assumption). [3,4]

Proposal 2: If no consensus is reached for the array size assumption, RAN4 should discuss if having two power classes for handheld UEs in FR2-2 is feasible.

FWA UE power class
Observation 3: The 32-element array yields a reasonable ~26 dBm minimum peak EIRP. 

Proposal 3: Use a 32-element array assumption for PC1 in FR2-2 and define the minimum peak EIRP as 25.9 dBm.

ON/ON transient period
Observation 4: 
· Option 1: No gNB scheduling optimizations for ON/ON transient period
· Using 5 µS ON/ON transient period leads to high throughput reduction due to corruption of the PUSCH data symbols. Up to 50% and 12% throughput loss can be expected for bundling size 2 and 8, respectively.
· An improved ON/ON transient period faster than 5 µS is required to support at least full MCS for 16 QAM modulation. 
· Option 2: Optimized gNB scheduling for ON/ON transient period
· Using 5 µS ON/ON transient period leads to high throughput loss even with optimized gNB scheduling without corrupted symbols on UE side. Up to 25% and 6% throughput loss can be expected for bundling size 2 and 8, respectively.
· An improved ON/ON transient period faster than 5 µS allows better throughput performance with almost 20%, 10% and 5% improvement for scenarios with bundling size 2, 4 and 8, respectively. 

Proposal 4: Introduce {1, 2, 3} µS improved ON/ON transient period as the optional UE capabilities for 480 and 960 kHz SCS.
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