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0	Introduction
This paper continues the discussion on open issues for Tx requirements in 60 GHz.
1	Discussion
1.1	Power classes
To assess the FR2-2 power class performance, we provide minimum peak EIRP budget derivations in the upcoming section. Given the expected performance degradation in FR2-2 compared to FR2-1, three different array sizes are considered in each power class evaluation.

Handheld UE
In FR2-1, PC3 is the smallest form factor with a baseline assumption of 4-elements for the antenna array. Integration is more challenging for this UE and it has the lowest minimum peak EIRP. Given the substantial losses in FR2-2, larger array sizes were also considered in our analysis [1]. 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



The 4-element baseline derivation yields a minimum peak EIRP of 8.1 dBm. Compared to 4-elements, 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.
To determine which array size is best suited for FR2-2 handheld UE, performance improvement and integration complexity need to be considered. Increasing the array size beyond 8-elements for this form-factor will be challenging (available area and integration with other antenna panels, and power consumption). Therefore, an 8-element array is a good trade-off between improved performance and integration complexity.

Observation 1: Considering the 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.

FWA UE
Derivations for FWA UE will consider three array sizes: 16-elements, 32-elements, and 64-elements. Table 2 details the parameters for each budget.

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

	Pout per element
	dBm
	5.0
	5.0
	5.0

	# of antennas in array
	
	16
	32
	64

	Total conducted power per polarization
	dBm
	17.0
	20.0
	23.0

	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
	13.0
	16.0
	19.0

	Polarization gain
	dB
	2.5
	2.5
	2.5

	Total implementation loss
	dB
	-12.0
	-12.8
	-13.5

	Peak EIRP (Minimum)
	dBm
	20.5
	25.9
	31.2



In FR2-1, FWA derivations considered various array sizes and sometimes a middle ground between these was approved. We are open to discuss the three array sizes captured in Table 2, along with our preliminary evaluations. However, we do believe a 32-element array is reasonable.
Observation 2: Our preference is to use a 32-elment array assumption for PC1 in FR2-2 and define the minimum peak EIRP as 25.9 dBm. However, we are open to further discuss the three array sizes (16, 32 and 64) in greater detail.

Spherical coverage
For spherical coverage analysis, detailed simulation assumptions considering practical UE packaging restrictions were developed for FR2-1 [2]. These assumptions continued to be used for spherical coverage requirements, including the most recent FR2-1 band n262. Therefore, these assumptions can be used to evaluate FR2-2 spherical coverage performance. If needed, and justified, the assumptions can be modified.

Proposal 2: Use simulation assumptions listed in R4-1801202 to analyse FR2-2 spherical coverage performance.

1.2	ON/ON Transient period for 480/960 kHz SCS
In FR1 and FR2-1, RAN4 has so far used a single requirement for all transient use cases. Typically, ON/OFF (both ON-to-OFF and OFF-to-ON) transient scenario has been important case 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 µS. Especially, 5 µS 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 directly impacts UL throughput performance. Typical examples of these scenarios are found below: 
· PUSCH-PUCCH and PUSCH-SRS (Figure 1)  
· Consecutive slot or long subslot transmission and short subslot transmission time mask (Figure 2) 
· Consecutive long PUSCH slot transmission 

In such scenarios, the short signals (e.g., SRS or short subslot) are typically prioritized and the transient period is fully placed in the PUSCH slot, thus negatively impacting the demodulation performance. Specifically, if the transient period is relatively, one or more PUSCH symbols need to be blanked to allow sufficient time for the transient processes. Consequently, PUSCH throughput/BLER degradation is expected. 
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Figure 1. PUCCH/PUSCH/SRS time mask when a transmission is before or after, or both before and after, SRS
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Figure 2. Consecutive slot or long subslot transmission and short subslot transmission time mask 
 
Performance analysis
In our analysis, we have evaluated the impact of the ON/ON transient period on the UL slot boundaries on the PUSCH demodulation performance. Scenario with multiple PUSCHs scheduled by a single DCI recently introduced by RAN1 was considered. One of the motivations to use bundled PUSCH multi-slot transmissions is to minimize the impact of ON/ON transient period on the slot boundaries on PUSCH performance. In case of aligned PUSCH parameters for different slots (RB assignment, modulation, power) the ON/ON transient period is expected to take place on the slot bundle boundaries only, while reducing the overall UL interruption time.

The modelled multi-slot transmission scenario is shown in Figure 3. In this scenario we assume that each bundle includes N PUSCH slots and the ON/ON transient periods are located on the bundle boundaries. The scenarios with N = 2, 4 and 8 UL slots per bundle were evaluated. 
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Figure 3. 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. The detailed assumptions are provided in Annex A. For the analysis we assumed that symbol is fully punctured on UE side for Option 1 or blanked for Option 2 if the transient period is longer than the CP duration. 

	Table 3: Throughput loss in % compared to 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 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 3: 
· 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 obtained results even optimized gNB scheduling leads to the high throughput reduction with 5us transient period. Therefore, we suggest introducing improved values for FR2-2.  

Proposal 3: Introduce {1, 2, 3} µS improved ON/ON transient period optional UE capabilities for 480 and 960 kHz SCS.
1.3	Spectrum Emission Mask
In [3], we proposed an SEM based on EN 302 567, which IEEE 802.11ad/ay already complies. From UE perspective, this is what should be currently followed. However, we understand ETSI harmonized standards are currently being discussed and developed in EN 303 753. Once these are available, we can discuss them and any other relevant regulatory limits available.
Observation 4: Our understanding is that EN 303 753 is still under discussion.  Once it is available, then we may discuss it along with any other relevant limits.
2	Conclusions
In this paper we presented our views on open issues in Tx requirements. The following observations and proposals were made:

Power classes – handheld UE
Observation 1: Considering the 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.

Power classes – FWA
Observation 2: Our preference is to use a 32-elment array assumption for PC1 in FR2-2 and define the minimum peak EIRP as 25.9 dBm. However, we are open to further discuss the three array sizes (16, 32 and 64) in greater detail.


Spherical coverage analysis
Proposal 2: Use simulation assumptions listed in R4-1801202 to analyse FR2-2 spherical coverage performance.

ON/ON transient period
Observation 3: 
· 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 3: Introduce {1, 2, 3} µS improved ON/ON transient period optional UE capabilities for 480 and 960 kHz SCS.
Spectrum emission mask
Observation 4: Our understanding is that EN 303 753 is still under discussion. Once it is available, then we may discuss it along with any other relevant limits.
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