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Introduction
In R4#101b-e, UE requirements for 6GHz licensed band based on RCC input in [1] was discussed and some aspects were agreed in [2]. Notably, PC3 and PC2 1Tx are agreed, but there are open questions as to MPR and applicable ACLR and SEM requirements. In this contribution, we discuss the links between MPR and SEM and ACLR, and the difference if those from FR1 NR general requirement of TS 31.101-1 or the relaxed ones from the study [3] are used.
Discussion
ACLR and SEM comparison
In the R4#101b-e meeting, it was discussed whether ACLR and SEM should reuse the values from NR in 38.101-1 or from the Study TR [3].
The different ACLRs:
· In TS 38.101-1, ACLR is 30dB for PC3 and 31dB for PC2
· In TR 38.921, coexistence studies concluded 26dB ACLR for PC3 but there is no result for PC2 (possibly 27dB based on the past experience in NR).

The SEM in TS 38.101-1 and TR 38.921 (in bold when different) is shown in Table 1. The channel bandwidths in red do not apply for the 6GHz licensed band based on RCC recommendation. Basically the SEM is relaxed by 3dB for the first 5MHz OOB range.
Table 1: comparison of SEM from TS 38.101-1 and TR 38.921
	ΔfOOB
	CBW (MHz) / SEM limit (dBm)
	MBW

	(MHz)
	5
	10, 15
	20, 25, 30, 35, 40, 45
	50, 60, 70, 80, 90, 100
	

	± 0-1
	-13
	-13
	-13 / -10
	
	1 % of CBW

	± 0-1
	
	
	
	-24 / -21
	30 kHz

	± 1-5
	-10
	-10
	-10 / -7
	
	

	± 5-6
	-13
	
	1 MHz

	± 6-10
	-25
	
	

	± 5-BWChannel
	
	-13
	

	± BWChannel-(BWChannel+5)
	
	-25
	



In both cases, the ACLR and SEM requirement in TR 38.921 is relaxed or equal compared to TS 38.101-1. As such the general MPR is sufficient. However, what is the point of adopting relaxed requirement if this does not result in any MPR improvement? In the next chapter, we will study if using relaxed requirements results in MPR improvements, at least for some of the allocation types.
Options for dedicated MPR improvement 
If relaxed SEM or ACLR can be applicable for the 6GHz licensed operation, it make sense that opportunity for improved MPR is explored as at these frequencies, coverage is limited by UL especially for large DL bandwidths. This can benefit DFT-s-OFDM but even more CP-OFDM.

Looking at the relaxed SEM in the first 5MHz, it clearly allows for edge allocations to see improved MPR and potentially not even being needed as the limitation comes from the first MHz ΔfOOB and at moderate windowing filtering, still it must be checked that other limitations >5MHz ΔfOOB.

The other relaxation is a 4dB lower ACLR that can benefit large allocations as long as other SEM limitation does not occur. 
When looking at the current PC3 and PC2 MPR requirements for QPSK reproduced in Table 2, the cases that are ACLR limited are highlighted in yellow and the cases that are limited by the first 5MHz SEM are highlighted in green and, unless other limitations appear ,they could be reduced by up to 3dB. Inner allocations are in general limited by in-band requirements like IBE and EVM.
Table Maximum power reduction (MPR) for power class 2
Table 2: PC3 and PC2 MPR table with allocations that could benefit from relaxed emission requirements
	Modulation
	MPR for PC3/PC2(dB) / RB allocation

	
	Edge
	Outer
	Inner

	DFT-s-OFDM
	QPSK
	≤ 1/3.5
	≤ 1/1
	0/0

	CP-OFDM
	QPSK
	≤ 3/3.5
	≤ 3/3
	≤ 1.5/1.5



In order to quickly evaluate the potential for improved MPR, we reused some available data and checked the cases where limitations come from either ACLR or SEM within the first 5MHz ΔfOOB.
Table 3 presents the measured results for required back off to meet ACLR and SEM from TS 38.101 or TR 38.921 for PC3 while Table 4 is for PC2. Measurements cover 15KHz SCS which is the most critical due to smaller guard bands for 5, 20 and 50MHz. A number of CP-OFDM and DFT-s-OFDM allocations are measured but these are restricted to what was used as reference QPSK measurements for previous evaluations for TxD and pi/2BPSK. Still this provides an insight on the potential gain in MPR if relaxed ACLR and SEM requirement from 38.921 are used.
In the tables the limiting factors, maximum output power or margin to requirements are quoted:
· Limiting factor are: 
· ACLRXX where XX is the target ACLR value. Note that in absence of proposed ACLR valur for PC2 in 38.921, 27dB is targeted, reproducing the 1dB difference in PC2 ACLR versus PC3 ACLR for NR
· S-XX/1%BW or S-XX/30kHz is for the SEM requirement in the first MHz
· S-XX/MHz is for the SEM requirement in the -XX/MHz requirement segment
· Measured values are either the maximum power level when < PCmax or the lowest margin to requirement for negative numbers.
Table 3: PC2 evaluation of back-off versus ACLR/SEM requirement
[image: ]
Table 4: PC2 evaluation of back-off versus ACLR/SEM requirement
[image: ]
Observations on delta value: 
· For both PC3 and PC2 cases, around 1dB MPR improvement seems feasible if the relaxed SEM and ACLR
· There are cases where the delta value is 0 when the limitation comes from the SEM segments that are the same for 38.101 and 38.921 but in those cases highlighted in orange, PCmax can always be reached.
· There are cases where the gain is smaller highlighted in yellow, but this is for PC2 only and for 5MHz BW which is not a foreseen bandwidth in the 6GHz licensed band
· With relaxed 38.921 requirements, 
· For PC2, edge allocations show an additional 3dB margin thus these allocations may not be needed as this is related to widowing filter and follows a dB/dB improvement
· For DFT-s-OFDM the worst case outer allocations no MPR is needed for PC3 and for PC2 0.5dB MPR is sufficient
· For CP-OFDM the worst case outer allocations 2dB MPR for PC3 and for PC2 is sufficient
From the above considerations, it seems feasible to adopt a dedicated MPR for 6GHz as shown below. Based on our experience similar improvements should also apply to 2Tx PC2 with the small additional MPR needed to account for RIMD. For PC1.5 similar improvements are also anticipated but edge allocations even if improved will probably still be needed. 
Table 5: PC3 and PC2 MPR for 6GHz licensed band based on requirements from 38.921
	Modulation
	MPR for PC3/PC2(dB) / RB allocation

	
	Outer
	Inner

	DFT-s-OFDM
	QPSK
	≤ 0/0.5
	0/0

	CP-OFDM
	QPSK
	≤ 2/2
	≤ 1.5/1.5



Unless we take time to study and agree on associated MPR improvements, we do not see any benefit in adopting relaxed emission requirements. Thus we propose the following alternatives:
Proposal: 
· If MPR is not re-evaluated, NR ACLR and SEM from 38.101 should be reused for 6GHz licensed band. 
· If relaxed ACLR and SEM from 38.921 is adopted for 6GHz licensed band, PC3 MPR is re-evaluated and PC2 ACLR target confirmed for MPR re-evaluation
· Our preference is to re-evaluate MPR based on 38.921 ACLR and SEM to enable better UL performance at frequencies >6.425MHz which is a challenge.
Conclusions
In this contribution, we discuss whether 6GHz licensed band ACLR and SEM requirements should be derived from 38.101 or 38.921 and evaluate the potential MPR improvement with the latter. This short study based on previous measurements allows us to formulate the following proposal.

Proposal: 
· If MPR is not re-evaluated, NR ACLR and SEM from 38.101 should be reused for 6GHz licensed band. 
· If relaxed ACLR and SEM from 38.921 is adopted for 6GHz licensed band, PC3 MPR is re-evaluated and PC2 ACLR target confirmed for MPR re-evaluation
· Our preference is to re-evaluate MPR based on 38.921 ACLR and SEM to enable better UL performance at frequencies >6.425MHz which is a challenge.
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BW WFAllocationlimitationvaluelimitationvalue BWWFAllocationlimitation valuelimitation value

1RB0 S-13/MHz -1.8 S-13/MHz -1.8 0.0 1RB0 S-13/1%BW 26 S-10/1%BW -3 1.0

1RB1 S-13/MHz -1.2 S-13/MHz -1.2 0.0 1RB1 S-10/MHz -2 S-7/MHz -5 1.0

1RB26 S-10/MHz -4.2 S-7/MHz -7.2 1.0 1RB6 S-13/1%BW -6.5 S-10/1%BW -9.5 1.0

53RB26 S-10/MHz -1.5 S-7/MHz -4.5 1.0 2RB0 S-13/1%BW 24.6 S-10/1%BW 25.7 1.1

106RB0 ACLR31 23 ACLR27 24 1.0 12RB6 S-13/1%BW -2.2 S-10/1%BW -5.2 1.0

1RB0 S-13/MHz -3.2 S-13/MHz -3.2 0.0 25RB0 ACLR31 23 ACLR27 24.1 1.1

1RB1 S-13/MHz -3.7 S-13/MHz -3.7 0.0 1RB0 S-13/1%BW -0.2 S-10/1%BW -3 0.9

1RB26 S-10/MHz -6.2 S-7/MHz -9.2 1.0 1RB1 S-10/MHz -3.6 S-7/MHz -6.6 1.0

100RB0 ACLR31 25 ACLR27 25.8 0.8 1RB6 S-13/1%BW -9.6 S-10/1%BW-13.6 1.3

135RB0 ACLR31 23.3 ACLR27 24.4 1.1 2RB0 S-13/1%BW 25.3 S-10/1%BW -0.5 0.9

270RB0 ACLR31 23 ACLR27 24 1.0 12RB6 S-13/1%BW -6.3 S-10/1%BW -9.3 1.0

135RB0 ACLR31 25.1 ACLR27 26 0.9 25RB0 ACLR31 25.1 S-7/MHz 25.7 0.6

270RB0 ACLR31 25 ACLR27 25.8 0.8

38.101 38.921

delta



DFT

CP

DFT

CP

DFT

20MHz 15kHz SCS

50MHz 

15kHz SCS
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BWWFalloc limitation valuelimitation value DFTalloclimitation valuelimitation value

1RB0 S-13/MHz -4 S-13/MHz -4 0.0 12RB0 S-13/1%BW 22.2 S-10/1%BW 23.2 1.1

1RB1 S-13/MHz -4 S-13/MHz -4 0.0 12RB47 S-25/MHz  23 S-25/MHz 23 0.0

1RB26 S-10/MHz -7 S-7/MHz -10 1.0 25RB0 ACLR30 22.2 ACLR26 -1 1.1

53RB26 ACLR30 -3 ACLR26 -6 1.0 25RB40 ACLR30 23 ACLR26 23 0.0

106RB0 ACLR30 20 ACLR26 21.1 1.1 36RB0 ACLR30 22.1 ACLR26 -0.5 1.1

1RB0 S-13/MHz -5 S-13/MHz -5 0.0 36RB35 ACLR30 23 ACLR26 23 0.0

1RB1 S-13/MHz -6 S-13/MHz -6 0.0 54RB0 ACLR30 22 ACLR26 23 1.0

1RB26 S-10/MHz -8.5 S-7/MHz -11.5 1.0 54RB26 ACLR30 -3 S-7/MHz -7 1.3

1RB52 S-25/MHz  23 S-25/MHz 23 0.0 64RB0 ACLR30 22 ACLR26 23 1.0

2RB0 S-13/MHz -4 S-13/MHz -4 0.0 64RB21 ACLR30 -0.5 ACLR26 -4.5 1.3

2RB52 S-25/MHz  23 S-25/MHz 23 0.0 72RB0 ACLR30 22 ACLR26 23 1.0

4RB0 S-13/1%BW -1.5 S-10/1%BW -4.5 1.0 72RB17 ACLR30 22.5 ACLR26 -2 1.2

4RB51 S-25/MHz  23 S-25/MHz 23 0.0 80RB0 ACLR30 22.1 ACLR26 23.1 1.0

6RB0 S-13/1%BW 22.3 S-10/1%BW 23.2 0.9 80RB12 ACLR30 22.5 ACLR26 -2 1.2

6RB50 S-25/MHz  23 S-25/MHz 23 0.0 100RB0 ACLR30 22 ACLR26 23 1.0

135RB0 ACLR30 20.5 ACLR26 21.5 1.0 135RB67 ACLR30 -3 ACLR26 -7 1.3

270RB0 ACLR30 20 ACLR26 21.4 1.4 135RB0 ACLR30 22.3 ACLR26 -1 1.0

1RB0 S-13/MHz -5.5 S-13/MHz -5.5 0.0 162RB0 ACLR30 22.3 ACLR26 -1 1.0

1RB66 S-13/MHz -5 S-13/MHz -5 0.0 162RB54 ACLR30 -1 ACLR26 -5 1.3

2RB0 S-13/MHz -7 S-13/MHz -7 0.0 180RB0 ACLR30 22.1 ACLR26 -0.5 1.1

4RB0 S-13/MHz -8 S-13/MHz -8 0.0 180RB45 ACLR30 22.9 ACLR26 -3.5 1.3

20RB0 S-24/30kHz 22.4 S-21/30kHz 23.3 0.9 225RB0 ACLR30 22.1 ACLR26 -0.5 1.1

20RB4 S-24/30kHz 23 S-21/30kHz -3 1.0 225RB22 ACLR30 22.4 ACLR26 -2 1.3

60RB0 ACLR30 22.7 S-10/1%BW -3 1.3 250RB0 ACLR30 22.1 ACLR26 -0.5 1.1

60RB2 ACLR30 22.8 S-10/1%BW -3.5 1.4 250RB10 ACLR30 22.2 ACLR26 -1 1.1

90RB0 ACLR30 22.4 ACLR26 -1.5 1.1 270RB0 ACLR30 22 ACLR26 -0.5 1.2

90RB2 ACLR30 22.5 ACLR26 -2 1.2

1RB0 S-13/1%BW -3.5 S-10/1%BW -6.5 1.0 6RB5 ACLR30 -11.5 ACLR26 -15.5 1.3

1RB1 S-10/MHz -5.5 S-7/MHz -8.5 1.0 8RB0 ACLR30 22.4 ACLR26 -1.5 1.1

1RB6 S-13/1%BW -10 S-10/1%BW -13 1.0 8RB4 S-13/1%BW -7 S-10/1%BW -10 1.0

2RB0 S-13/1%BW 22.8 S-10/1%BW -2 0.9 12RB0 ACLR30 22.1 ACLR26 -0.5 1.1

12RB6 S-13/1%BW -6 S-10/1%BW -9 1.0 12RB6 S-13/1%BW -8 S-10/1%BW -11 1.0

25RB0 ACLR30 20.7 ACLR26 21.7 1.0 15RB0 ACLR30 22 ACLR26 23 1.0

1RB0 S-13/1%BW -3 S-10/1%BW -6 1.0 15RB5 ACLR30 -1.5 ACLR26 -5.5 1.3

1RB1 S-10/MHz -6.5 S-7/MHz -9.5 1.0 18RB0 ACLR30 22 ACLR26 23 1.0

1RB6 S-13/1%BW -9.5 S-10/1%BW-12.5 1.0 18RB3 ACLR30 22.6 ACLR26 -2 1.1

2RB0 S-13/1%BW 22.7 S-10/1%BW -2 1.0 20RB0 ACLR30 22.1 ACLR26 -0.5 1.1

2RB0 S-13/1%BW 22.7 S-10/1%BW -1.5 0.8 20RB3 ACLR30 22.4 S-7/MHz -1 0.9

2RB2 S-10/MHz -6.5 S-7/MHz -9.5 1.0 25RB0 ACLR30 22 ACLR26 23 1.2

6RB0 S-13/1%BW 23 S-10/1%BW -3 1.0

delta

20MHz 15kHz SCS

50MHz 15kHz SCS

5MHz 15kHz SCS

CP

DFT

CP

DFT

CP

DFT

ACLR/SEM spec 38.101 38.921 38.101 38.921
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