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1. Introduction

In the last RAN4 #74 meetings, the following Way forward and design principles in UE RF aspect were agreed to verify EVM level, MPR and A-MPR levels for 64QAM.

· UE Tx EVM

·  It is proposed to use [8%] EVM for UL 64QAM as basis to evaluate MPR/A-MPR requirements.
· Companies can provide system simulation results to verify the system gain for the proposed EVM value in RAN4#74bis meeting

·  MPR/A-MPR 
· Single carrier/inter-band CA
· MPR values for UL 64QAM for contiguous and non-contiguous resource allocation are defined
· Need for dedicated A-MPR for UL 64QAM should be studied
· Intra-band CA
· Example CA combination(S) is chosen
· Both MPR and A-MPR need to be defined for UL 64QAM for contiguous and non-contiguous resource allocation
In this contribution, we analyse the required MPR requirements for multi-clustered transmission in single CC and intra-band contiguous CA. And also we proposed the required MPR masks for 64QAM based on RF simulation results.
2. MPR of 64QAM for single component carrier
RAN1 and RAN4 already studied for 64QAM transmission in the LTE system before 8 years ago. It was agreed to use the cubic metric (CM) for SC-FDMA signal as a metric to decide on the amount of power back-off for single clustered transmission. And UE TX EVM as 8% was agreed to verify the MPR/A-MPR requirements in the last RAN4 meeting [1]. 
2.1) MPR of 64QAM for single clustered transmission
To compare cubic metric according to the modulation order, we evaluated simulation based on the number of RB allocation and computed the CM/PAPR. The equation of CM is defined in [2].
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  is the called raw cubic metric (in dB) of SC-FDMA signal.
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  is the raw cubic metric of the W-CDMA voice reference signal.

In here, the K factor is 1.56 dB for LTE system. 

From the CM calculation using raw data signal of SC-FDMA, we can depicted the CM level in Figure 2-1.
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Figure 2-1. Cubic metric level according to the number of allocated RB for SC-FDMA

Table 2-1. CM results for SC-FDMA based on modulation schemes
	Multiple Access schemes
	Modulation
	CM [dB]
	PAPR (99.9%) [dB]

	
	
	1RB
	Full RBs
	1RB
	Full RBs

	SC-FDMA
	QPSK
	1.22
	1.27
	5.64
	5.75

	
	16-QAM
	2.18
	2.22
	6.45
	6.52

	
	64-QAM
	2.34
	2.36
	7.00
	7.04


From the CM results in table 2-1 and figure2-1, we observe the following points.

· Observation 1: Required MPR level of 64QAM for single clustered transmission on single CC is similar to that of 16QAM.
Therefore, we can propose the required MPR level of 64QAM for single component carrier as follow
Table 2-2: Maximum Power Reduction (MPR) for Power Class 1 and 3

	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


Proposal 1: Required MPR level of 64QAM for single-clustered transmission on single component carrier can be reused the MPR level of 16QAM as shown in Table 2-2. 
2.2) MPR of 64QAM for multi clustered transmission in single CC
For the multi-clustered transmission, MPR mask was defined to meet the UTRA ACLR, E-UTRA ACLR, general SEM and general SE requirements up to 16QAM modulation in UE TX aspect. That reason was that the dominant factor to determine the required MPR value was restricted the UE Tx leakage levels to satisfy emission requirements in adjacent channel. Therefore, for the multi-clustered transmission, we verified the MPR levels of 64QAM using follow simulation assumption.
· PA operating point: UTRAACLR1 = 33 dBc @ Pout = 22 dBm for 100RB QPSK signal
· Modulator IQ imbalance = 25 dBc
· Modulator carrier leakage = 25 dBc
· Modulator C_IM3 = 60 dBc
· Phase noise=[33] dBc
· Transceiver noise= [-29.5] dBc
From the simulation results, we depicted required MPR mask in figure based on RB allocation ratio A as follow figure 2-2. 

Figure 2-2 is MPR simulation results of 64QAM for 20MHz channel Bandwidth according to the RB allocation ratio A. And figure 2-3 was collected the required MPR levels all supported channel BW in single component carrier according to the RB allocation ratio A.
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Figure 2-2: Required MPR mask for 20MHz CH BW
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Figure 2-3: Required MPR mask for 5/10/15/20MHz CH BW

In the figure 2-3, we observe the following points.

· Observation 2: Required MPR level of 64QAM for multi clustered transmission on single CC is needed more than the conventional MPR mask for 16QAM.
From the observation, the required MPR mask of 64QAM is analyzed as follows
MPR = CEIL {MA, 0.5}

where MA is defined as follows

MA  =  10.0,

; 0< A ≤0.1
11.75-17.5A,
       ; 0.1< A ≤0.5

3.6-1.2A,   
       ; 0.5< A ≤1.0

where

A = NRB_alloc / NRB.

CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR∈[2.0, 2.5 3.0 3.5… 8.5.9.0 9.5 10.0].

3. MPR of 64QAM for intra-contiguous CA
For the intra-band contiguous CA, MPR mask was defined for intra-band contiguous CA with class C and intra-band contiguous carrier aggregation bandwidth class C with non-contiguous resource allocation. However, general MPR levels for intra-band non-contiguous CA was not defined until now. MPR mask only defined for example band such as Band 25. So, we focus on the intra-band contiguous CA for both scenarios in the chapter.
2.3) MPR of 64QAM for single clustered transmission in intra-band contiguous CA
To analyze MPR values for intra-contiguous CA with class C (Maximum aggregated CBW 40MHz), we use same approach for single clustered transmission. From the CM calculation using raw Tx signal of intra-band contiguous CA, we can depicted the CM level in figure 3-1.
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Figure 3-1. Cubic metric level according to the number of allocated RB for SC-FDMA

Table 3-1. CM results in intra-contiguous CA Class C based on modulation schemes
	Multiple Access schemes
	Modulation
	CM [dB]
	PAPR (99.9%) [dB]

	
	
	1RB
	Full RBs
	1RB
	Full RBs

	SC-FDMA
	QPSK
	2.53
	2.56
	7.32
	7.40

	
	16-QAM
	3.02
	3.04
	8.23
	8.28

	
	64-QAM
	3.14
	3.15
	8.69
	8.72


From the CM results in table 3-1 and figure 3-1, we have same view as observation1 on the single clustered transmission for intra-contiguous CA. 
Therefore, we can propose the required MPR level of 64QAM for single clustered transmission in intra-contiguous CA as follow
Table 3-2: Maximum Power Reduction (MPR) for Power Class 3
	Modulation
	CA bandwidth Class C
	MPR (dB)

	
	25 RB + 100 RB
	50 RB + 100 RB
	75 RB + 75 RB
	75 RB + 100 RB
	100 RB + 100 RB
	

	QPSK
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 1

	QPSK
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 2

	16QAM/64QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 1

	16QAM/64QAM
	> 8 and ≤ 25
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16QAM/64QAM
	> 25
	> 50
	> 75
	> 75
	> 100
	≤ 3


Proposal 2: Required MPR level of 64QAM for single-clustered transmission on intra-band contiguous CA can be reused the MPR level of 16QAM as shown in Table 3-2. 
2.1) MPR of 64QAM for multi clustered transmission in intra-band contiguous CA
For the multi-clustered transmission in intra-band contiguous CA, MPR mask was defined to meet the UTRA ACLR, E-UTRA ACLR, CA E-UTRA ACLR, general SEM and general SE requirements up to 16QAM modulation in UE TX aspect. That reason was that the dominant factor to determine the required MPR value was restricted the UE Tx leakage levels to satisfy emission requirements in adjacent channel. Therefore, for the multi-clustered transmission, we verified the required MPR levels for 64-QAM .
From the simulation results, we depicted required MPR mask in figure based on RB allocation ratio A as follow figure 3-2. 

Figure 3-2 is MPR simulation results of 64QAM for 40MHz aggregated channel Bandwidth for intra contiguous CA class C according to the RB allocation ratio A. And figure 3-3 was collected the required MPR levels all supported aggregated channel BWs in intra-contiguous CA class C.
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Figure 3-2: Required MPR mask for 40MHz aggregated CH BW
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Figure 3-3: Required MPR mask for intra-contiguous CA class C
In the figure 3-3, we observe the following points.

· Observation 3: Required MPR level of 64QAM for multi clustered transmission on intra-band contiguous CA is needed more than the conventional MPR mask for 16QAM.

From the observation, the required MPR mask of 64QAM is analyzed as follows
MPR = CEIL {MA, 0.5}

where MA is defined as follows

MA  =  10.0,

; 0< A ≤0.16

12.3-23.3A,
       ; 0.16< A ≤0.4
3.67-1.67A,   
       ; 0.4< A ≤1.0

where

A = NRB_alloc / NRB.

CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR∈[2.0, 2.5 3.0 3.5… 8.5.9.0 9.5 10.0].

From the MPR simulation results for multi-clustered transmission, we can use one MPR mask for both single CC and intra-contiguous CA. In other word, we can define MPR mask regardless of UE capability for single CC UE and intra-contiguous CA UE as follow 
Proposal 3: For the general MPR mask of 64QAM for multi-clustered transmission in both single component carrier and intra-band contiguous CA, the following mask can are applied.
MPR = CEIL {MA, 0.5}

where MA is defined as follows

MA  =  10.0,

; 0< A ≤0.1
11.75-17.5A,
       ; 0.1< A ≤0.5

3.6-1.2A,   
       ; 0.5< A ≤1.0

One decision point for 64QAM MPR mask, we need to discuss that the proposed MPR mask is applicable only 64QAM modulation schemes or the MPR mask is applicable to all modulation schemes e.g. QPSK/16QAM and 64QAM schemes.

We prefer the required MPR mask is only applicable to 64QAM modulation schemes when UE Transmitter support 64QAM modulation since the difference is about 2dB between MPR for QPSK/16QAM and MPR for 64QAM. So we propose as follow
Proposal 4: The required MPR mask of 64QAM is only applicable to 64QAM modulation schemes from rel-13.
4. Conclusions


In this contribution, we show our view for the 3DLs/2ULs CA pairing issues for new CA WI in future. The followings are proposals in this paper.
Proposal 1: Required MPR level of 64QAM for single-clustered transmission on single component carrier can be reused the MPR level of 16QAM as shown in Table 2-2. 
Proposal 2: Required MPR level of 64QAM for single-clustered transmission on intra-band contiguous CA can be reused the MPR level of 16QAM as shown in Table 3-2. 
Proposal 3: For the general MPR mask of 64QAM for multi-clustered transmission in both single component carrier and intra-band contiguous CA, the following mask can are applied.
MPR = CEIL {MA, 0.5}

where MA is defined as follows

MA  =  10.0,

; 0< A ≤0.1
11.75-17.5A,
       ; 0.1< A ≤0.5

3.6-1.2A,   
       ; 0.5< A ≤1.0

Proposal 4: The required MPR mask of 64QAM is only applicable to 64QAM modulation schemes from rel-13.
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