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1. Introduction
In this document, we discuss A-MPR for n41 CA_NS_04 for 256QAM. In RAN4#98-e, companies requested simulations and clear explanation of why more A-MPR is required is required at 256QAM without EVM consideration. [3].
2. Discussion
2.1. A-MPR Discussion
· In previous meeting, we proposed AMPR for CA_NS_04 to align with 38.101-1 [1]. Companies argued that simulation results should be presented, and a justification is required why higher AMPR for low LCRB AMPR is required for higher order modulation Vs lower order modulation.

· Simulations in [2] without EVM consideration do not show the degradation of LO leakage for higher order modulation possibly because the implementation may be different in that a lower efficiency PA is used with the same LO leakage applied for all modulation order. In this contribution, we provide an explanation of why more A-MPR is required at 256QAM for low LCRB allocations without EVM consideration.
· Currently AMPR is simulated with LO leakage at -25dBc and Image at -25dBc for all modulation orders. However, tradeoffs can be made in actual implementation using a lower LO leakage level than given by 3GPP, so a more efficient PA can be used to achieve current savings. For these types of implementations, the LO leakage becomes sensitive to the modulation order as follows:
· The main contributor to LO leakage is DC offset from baseband that is upconverted to RF.

· The low LCRB back-off is due to the IM3 distortion of Image and LO leakage with the TX signal. The efficiency of PA as well as LO leakage levels play a significant role.

· Higher order modulation schemes with higher PAPR give rise to higher LO leakage in ‘dBc’ due to a lower baseband RF amplitude and fixed DC level required to meet the general EVM requirement. 

· Depending on implementation, the back-off for the general requirement can be taken before the RF stages and already pre-determines the LO leakage as a function of modulation order.
· High efficiency PA bias schemes such as envelope tracking cause higher IM3 distortion between the TX signal and the LO leakage. This leads to additional higher back-off to be taken from subsequent RF stages when the NS emission level is around -25dBm/MHz and the frequency offset from the emission frequency range to the channel edge is less than the channel bandwidth, like CA_NS_04 
· As a result, in practical implementation, higher AMPR would be required for higher order modulation due to the IM3 distortion of LO leakage with the TX signal.
· Simulations without EVM consideration were completed using a LO leakage of LO leakage of -25dBc with a fixed bias PA and with a LO leakage of (-25dBc – Δ) with a more efficient PA (actual implementation) that is adaptively biased to achieve the same AMPR. The setup is shown in Figure 1.
· The LO leakage was then increased by 5dB at 256QAM to duplicate actual implementation, and the results show that 6.5dB back is required at 256QAM compared to 4dB back-off at QPSK for the same low LCRB condition. Note that the AMPR proposal increase in section 4 for 256QAM could be further restricted low LCRB allocations.
· Simulations in section 5 show increased AMPR were done for the 20+20 case, which is essentially representative of what could happen for other bandwidth combination sets such as 5+20 etc.
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Figure 1: Simulation setup for 256QAM CA_NS_04 AMPR. 3GPP simulation setup in Blue. Orange is an example of actual implementation.
Proposal 1: Use CA_NS_04 A-MPR for 256QAM as shown in section 4. 
2.2. MPR Discussion

· The MPR for 256QAM is dominated by the EVM requirement since only the emission general requirements apply, and MPR without the EVM requirement is comparatively smaller.
· Moreover, only RBs need to be allocated in 1 CC to determine if UE needs to meet the CA EVM requirement.

· Then, it follows that the single CC MPR should be used for the CA MPR, but specifications must be aligned.
· MPR for LTE CA PC2 should be chosen to align with existing specifications by looking at the table below:

	256 QAM MPR (dB) vs power class
	PC3
	PC2

	LTE single carrier
	5
	5

	LTE_CA (40MHz max)
	5
	[5]

	NR single carrier
	4.5
	4.5

	NRCA BW class inner (50MHz max)
	5.5
	5.5


Table 1: MPR across 36.101 and 38.101-1
Proposal 2: Use 256QAM CA MPR of [5] dB. 
3. Conclusion

Proposal 1: Use CA_NS_04 A-MPR for 256QAM as shown in section 4. 
Proposal 2: Use 256QAM CA MPR of [5] dB. 
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4. Proposed AMPR

Table 2.1: Contiguous Allocation A-MPR for CA_NS_04 (power class 2)

	CA Bandwidth Class C
	Lower edge cutoff frequency [MHz]5
	RBStart
	LCRB [RBs]
	RBstart + LCRB [RBs]
	A-MPR per modulation [dB]

	
	
	
	
	
	QPSK
	16QAM
	64QAM
	256QAM

	25 RB / 100 RB
	2513.5
	0 – 42
	>0
	N/A
	≤5
	≤5
	≤5
	 6.5

	
	
	43 – 81
	N/A
	>82
	≤1
	≤1.5
	≤1.5
	 [2]

	
	
	82 – 124
	>0
	N/A
	≤1
	≤1.5
	≤1.5
	 [2]

	50 RB / 100 RB
	2518.4
	0 – 52
	>0
	N/A
	≤5
	≤5
	≤5
	 6.5

	
	
	53 – 94
	N/A
	>95
	≤1
	≤1.5
	≤1.5
	 [2]

	
	
	95 – 149
	>0
	N/A
	≤1
	≤1.5
	≤1.5
	 [2]

	75 RB / 75 RB
	2519.0
	0 – 54
	>0
	N/A
	≤5
	≤5
	≤5
	 6.5

	
	
	55 – 94
	N/A
	>95
	≤2
	≤2.5
	≤2.5
	 [3]

	
	
	95 – 149
	>0
	N/A
	≤1.5
	≤2
	≤2
	 [3]

	75 RB / 100 RB
	2523.4
	0 – 64
	>0
	N/A
	≤5
	≤5
	≤5
	 6.5

	
	
	65 – 114
	N/A
	>115
	≤2
	≤2.5
	≤2.5
	 [3]

	
	
	115 – 174
	>0
	N/A
	≤1
	≤1.5
	≤2
	 [3]

	100 RB / 100 RB
	2528.3
	0 – 69
	>0
	N/A
	≤5
	≤5
	≤5
	 6.5

	
	
	70 – 129
	N/A
	>130
	≤2
	≤2.5
	≤2.5
	 3

	
	
	130 – 199
	>0
	N/A
	≤1.5
	≤1.5
	≤2
	 3

	NOTE 1:
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2:
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis

NOTE 4:
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe

NOTE 5:
The A-MPR values in this table shall apply when the lower edge of the aggregated channel bandwidth (Figure 5.6A-1) is less than or equal to the lower edge cutoff frequency specified in this table for the corresponding CA bandwidth combination.  When the lower edge of the aggregated channel bandwidth exceeds the lower edge cutoff frequency, then the A-MPR shall be equal to the MPR specified in Table 6.2.3A-1a.


5. Simulations

20+20; QPSK; PA2 implementation
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20+20; 256QAM; PA2 implementation
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