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1. Introduction

This contribution is an update to [1].  Power class 2 to enable maximum output power of 26 dBm has been defined for Band 41.  More recently, a work item was agreed to define requirements for power class 2 with intra-band contiguous uplink carrier aggregation in Band 41.  This contribution examines the MPR needed to meet general emission requirements.  
2. Discussion

MPR is needed to meet general emission requirements.  In this study, the following general emission requirements are considered


E-UTRA ACLR = 31 dB (single carrier, used to calibrate the output power of the PA),


CA E-UTRA ACLR = 31 dB,

General E-UTRA CA SEM for bandwidth class C according to Table 6.6.2.1A-1 of 36.101, and


Spurious emissions = -30 dBm/MHz beyond the FOOB boundary from the aggregated channel edge, and 

Nominally spaced carriers.

It is noted that UTRA ACLR is not applicable to a UE operating in Band 41 and EVM has not been considered for QPSK, 16QAM, and 64QAM modulations.  Although not yet defined in the specifications, it is assumed for the purpose of this study that CA E-UTRA ACLR is required to be at least 31 dB, similar to the value specified for single carrier E-UTRA ACLR.  A single HPUE PA was simulated.
2.1.1. Contiguous allocations

For contiguous allocations within a single carrier, it was previously found that the PC3 MPR table could be reused for PC2.  However, the same conclusion could not be drawn based on simulations for PC2 with UL CA.  This was particularly evident for wider waveforms where narrow allocations were observed to be more problematic.  As an example, the required MPR for 20 MHz + 20 MHz aggregated bandwidth configuration with QPSK modulation is shown below in Figure 1.
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Figure 1.  MPR for contiguous allocation, QPSK, 20 MHz + 20 MHz

For this scenario, the existing MPR for PC3 allows 1 dB MPR for RB lengths greater than 8 RB’s, but less than or equal to 100 RB’s.  For RB lengths greater than 100 RB’s, the allowed MPR is 2 dB.  However, PC2 simulations as shown above indicate that even for narrow allocations smaller than 8 RB’s, MPR in excess of 1 dB is required.  For larger allocations close to 200 RB’s, the existing allowance of 2 dB is sufficient but without margin.  One reason that larger MPR was observed is that for wider bandwidths, the SEM mask in the first MHz becomes more challenging. The SEM for bandwidth class C from 36.101 is reproduced below where the emissions requirement in the first MHz is highlighted.  

Table 6.6.2.1A-1: General E-UTRA CA spectrum emission mask for Bandwidth Class C

	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+100RB

(24.95MHz)
	50RB+75RB

(24.75 MHz)
	50RB+100RB

(29.9 MHz)
	75RB+75RB (30 MHz)
	75RB+100RB

(34.85 MHz)
	100RB+100RB

(39.8 MHz)
	Measurement bandwidth

	( 0-1
	-22
	-22
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

	( 1-5
	-10
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-24.75
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 24.75-24.95
	-13
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 24.95-29.75
	-25
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 29.75-29.9
	-25
	
	-13
	-13
	-13
	-13
	1 MHz

	( 29.9-29.95
	-25
	
	-25
	-13
	-13
	-13
	1 MHz

	( 29.95-30
	
	
	-25
	-13
	-13
	-13
	1 MHz

	( 30-34.85
	
	
	-25
	-25
	-13
	-13
	1 MHz

	( 34.85-34.9
	
	
	-25
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	
	
	-25
	-25
	-13
	1 MHz

	( 35-39.8
	
	
	
	
	-25
	-13
	1 MHz

	( 39.8-39.85
	
	
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	
	
	-25
	1 MHz


It can be seen that the emission requirement becomes more challenging as the aggregated channel bandwidth increases.  In fact, the requirement for 20 MHz + 20 MHz is 3 dB more difficult than for a single 20 MHz channel, -24 dBm/30 kHz compared to -21 dBm/30 kHz.  Moreover, since the emission requirement is in absolute power (dBm vs. dBc), the fact that HPUE transmits at 3 dB higher power means that the requirement is 3 dB more difficult to meet.  For these reasons, it is observed that the required MPR is higher for PC2 than it was for PC3.

A proposal for MPR for contiguous allocations for PC2 of bandwidth class C is provided below.  Compared to the PC3 MPR table, the MPR is increased slightly for narrower allocations.  However, the amount of increase in MPR compared to PC3 is generally small and up to 1.5 dB for the worst case waveforms.  Therefore, even for the worst case waveforms, there is still gain in PC2 transmit power compared to PC3.  
Table 6.2.3A-1: Maximum Power Reduction (MPR) for Power Class 2
	Modulation
	CA bandwidth Class C / Smallest Component Carrier Transmission Bandwidth Configuration
	MPR (dB)

	
	25 RB 
	50 RB 
	75 RB
	100 RB
	

	QPSK
	≤ 25
	≤ 50
	≤ 75
	≤ 100
	≤ 1.5

	QPSK
	> 25
	> 50
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 6
	≤ 8
	≤ 16
	≤ 18
	≤ 1.5

	16 QAM
	> 6 and ≤ 25
	> 8 and ≤ 50
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16 QAM
	> 25
	> 50
	> 75
	> 100
	≤ 3

	64 QAM
	≤ 8 and allocation wholly contained within a single CC 
	≤ 12 and allocation wholly contained within a single CC 
	≤ 16 and allocation wholly contained within a single CC
	≤ 18 and allocation wholly contained within a single CC
	≤ 2

	64 QAM
	> 8 or allocation extends across two CC's 
	> 12 or allocation extends across two CC's 
	> 16 or allocation extends across two CC's
	> 18 or allocation extends across two CC's
	≤ 3

	256 QAM
	FFS
	FFS


2.1.2. Non-contiguous allocations

Simulation results for non-contiguous allocations are presented below for QPSK, 16QAM, and 64QAM modulations.  It can be observed that there is little variation as a function of modulation.  The existing MPR requirement for PC3 intra-band CA class 3 is shown below
MPR = CEIL { min(MA, MIM5), 0.5}

Where MA is defined as follows for QPSK, 16 QAM and 64 QAM

MA = 
8.2





; 0 ≤ A < 0.025

9.2 - 40A 


; 0.025
≤ A < 0.05

8 – 16A



; 0.05
≤ A < 0.25

4.83 – 3.33A


; 0.25 ≤ A ≤ 0.4,

3.83 – 0.83A


; 0.4 ≤ A ≤ 1,
and MIM5 is defined as follows

MIM5 =
4.5


; IM5 < 1.5 * BWChannel_CA

6.0

; 1.5 * BWChannel_CA ≤ IM5 <  BWChannel_CA/2 + FOOB

MA

; IM5 ≥ BWChannel_CA/2 + FOOB
Where


A = NRB_alloc / NRB_agg.


IM5 = max( | FC_agg  – (3*Fagg_alloc_low – 2*Fagg_alloc_high) |,  | FC_agg  – (3*Fagg_alloc_high – 2*Fagg_alloc_low) | ) 


FC_agg = (Fedge_high + Fedge_low)/2

The evaluation against PC2 is done in two parts.  First, the MA allocation ratio is studied against MPR.  Then, the MIM5 waveforms are studied.  Simulation results against allocation ratio are shown below.
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Figure 2.  MPR for all bandwidth combinations
The simulation results show that the existing PC3 MPR mask should be slightly modified for PC2.  The PC2 mask is proposed as below
MA is defined as follows for QPSK, 16 QAM and 64 QAM

MA = 
8.2





; 0 ≤ A < 0.04
9.2 - 40A 



; 0.04
≤ A < 0.075

8 – 16A



; 0.075
≤ A < 0.25

4.83 – 3.33A


; 0.25 ≤ A ≤ 0.4,

3.83 – 0.83A


; 0.4 ≤ A ≤ 1,
The IM5 waveform simulations are shown below for each region (-13 dBm/MHz and -25 dBm/MHz of SEM).  
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It can be seen that there are a few violations of emission specifications against the region where IM5 products land within 1.5*BWChannel_CA from the center frequency.  When the IM5 products land beyond this region, the emissions can be maintained with the existing MPR.  Thus, it is proposed to modify the IM5-based MPR for PC2 as follows
MIM5 is defined as follows

MIM5 =
5.0

; IM5 < 1.5 * BWChannel_CA

6.0

; 1.5 * BWChannel_CA ≤ IM5 <  BWChannel_CA/2 + FOOB

MA

; IM5 ≥ BWChannel_CA/2 + FOOB
3. Conclusion

Simulation results are provided for MPR to meet general emissions for the HPUE with nominal spacing in CA_41C.  Both contiguous allocations and non-contiguous allocations were studied, and it was found that in both of these cases, the existing PC3 MPR required minor adjustment to accommodate PC2 maximum output power.
4. Reference
[1] R4-1705681, “MPR for Power Class 2 with UL CA in Band 41,” Qualcomm Incorporated

5. Annex:  Simulation results
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Figure 3. MPR for Contiguous allocation PC2.  5 MHz + 20 MHz (left), 20 MHz + 5 MHz (right), QPSK (row 1), 16QAM (row2), 64 QAM (row 3).
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Figure 4.  MPR for Contiguous allocation PC2.  10 MHz + 20 MHz (left), 20 MHz + 10 MHz (right), QPSK (row 1), 16QAM (row2), 64 QAM (row 3).
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Figure 5.  MPR for Contiguous allocation PC2.  15 MHz + 20 MHz (left), 20 MHz + 15 MHz (right), QPSK (row 1), 16QAM (row2), 64 QAM (row 3).

	[image: image23.jpg]5 T T T T T T T T

O Backoff
451 Existing MPR spec| |
aL 1
3:5 ]
sk 1

.
0 20 40 60 80 100 120 140 160 180
RB length





	[image: image24.jpg]O Backoff

Existing MPR spec

RB length

200





	[image: image25.jpg]5 T T T T T T T T

O Backoff
451 Existing MPR spec| |
aL 1
3:5 ]
sk 1

. . . .
0 20 40 60 80 100 120 140 160 180
RB length





	[image: image26.jpg]5 T T T

O Backoff
451 Existing MPR spec| |
aL 1
3:5 ]
3l

0 50 100 150 200
RB length





	[image: image27.jpg]5 T T T T T T T T

O Backoff
451 Existing MPR spec| |
aL 1
3:5 ]
sk 1

i
Ne . ‘ ‘ ‘ s s
0 20 40 60 80 100 120 140 160 180
RB length




	[image: image28.jpg]O Backoff
Existing MPR spec

50

100
RB length

150 200






Figure 6.  MPR for Contiguous allocation PC2.  15 MHz + 15 MHz (left), 20 MHz + 20 MHz (right), QPSK (row 1), 16QAM (row2), 64 QAM (row 3).
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Figure 7.  MPR for non-contiguous allocation PC2, QPSK, 16QAM, and 64QAM.
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