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1. Introduction

Discussions for minimum requirements in support of uplink 64QAM are ongoing.  The main topic for study according to the agreement in [1] is the MPR and A-MPR for the UE.  This contribution is a follow-on to [2] where initial study and recommendations for MPR and A-MPR have been provided.
2. Discussion

For following table containing recommendations for MPR and A-MPR was provided in [2] and is reproduced below. 

	Case
	Backoff
	Single carrier or CA
	RB allocation
	Format
	Modulation dependency
	64QAM (Qualcomm)

	1
	MPR
	Single carrier
	contiguous
	table
	yes
	+1 dB compared to 16QAM [2]

	2
	MPR
	Single carrier
	non-contiguous
	formula
	no
	No additional backoff required

	3
	MPR
	Intra-band contiguous bandwidth class C
	contiguous
	table
	yes
	+1 dB compared to 16QAM [2]
Revised in this contribution

	4
	MPR
	Intra-band contiguous bandwidth class C
	non-contiguous
	formula
	no
	No additional backoff required

	5
	MPR
	Intra-band non-contiguous, 2UL
	contiguous within each CC
	formula
	no
	TBD

	6
	MPR + A-MPR
	Single carrier (NS signaled)
	contiguous
	table
	no
	No additional  backoff  needed

	7
	A-MPR
	Intra-band contiguous CA (CA_NS signaled)
	contiguous
	table
	no except for CA_NS_04
	Case-by-case needed 

Proposed in this contribution

	8
	A-MPR
	Intra-band contiguous CA (CA_NS signaled)
	non-contiguous
	formula
	no
	No additional backoff required


In this contribution, recommended MPR and A-MPR are provided for cases 6 and 7, and the MPR for case 3 is revisited.  Case 5 remains TBD.
The method of analysis is as follows.  The MPR and A-MPR recommendations were obtained by partitioning and allocating the UE Tx EVM requirement of 8% to various components in the transmitter chain.  The PA was allocated 4% Tx EVM and studies were conducted to determine the backoff required to simultaneously meet the EVM budget as well as the ACLR, SEM, and spurious emission requirements when stimulated with a 64QAM uplink waveform.  For cases where NS or CA_NS is specified, additional spectrum emission requirements must also be met.  It was found that EVM was often the limiting factor driving the backoff requirements; however, containment of emissions also requires consideration compared to 16QAM.  The analysis typically revealed, for example, that an additional 0.5 dB backoff compared to 16QAM might be required to meet emission requirements; however, an additional backoff of 2 dB compared to 16QAM might be required to meet EVM.  The two are not additive, of course, so the additional 2dB for EVM would be sufficient to allow the UE to meet emissions requirements as well, in this example.
2.1. Case 3: MPR for intra-band contiguous CA
In [2] it was reported that the MPR for intra-band contiguous CA was required to be 1 dB additional compared to 16QAM.  Further study has shown that this recommendation can be further refined.  In particular, for allocations spanning both component carriers, it was found that the backoff needed was 3 dB compared to the previously reported 2 dB because of EVM.  However, it was also found that for large allocations, the backoff needed is only 3 dB compared to the previously reported 4 dB.  This is represented pictorially below












Two alternatives are presented.  The first is an optimized solution with minimum MPR over all regions.  However, the MPR table becomes more complex, especially for non-symmetric channel bandwidths.  The second option is simpler in that a constant MPR is applied for all waveforms.  However, the MPR for allocations extending across both CC's would be 2 dB for single carrier and 3 dB for class C intra-band CA.  The following options are shown below in specification format.
For single carrier, the MPR for 64 QAM is 1 dB higher than for 16 QAM as proposed in [3]

Table 6.2.3-1: 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
	≤ 2

	64 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 3


For contiguous intra-band CA class C, the MPR can either be more highly optimized 

Table 6.2.3A-1: 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

	16 QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 1

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

	16 QAM
	> 25
	> 50
	> 75
	> 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
	≤ 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
	> 16 or allocation extends across two CC's
	> 18 or allocation extends across two CC's
	≤ 3


or can be less optimized but greatly simplified

Table 6.2.3A-1: 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

	16 QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 1

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

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

	64 QAM
	Any
	Any
	Any
	Any
	Any
	≤ 3


2.2. Case 6: A-MPR for single carrier NS

For single carrier operation, when NS is signaled, additional spectrum emission requirements apply.  A-MPR is typically provided.  Since this is single carrier operation, the A-MPR is additive to any MPR.  In our studies, we have found that if MPR is provided according to case 1, that is, 1 dB additional MPR compared to 16QAM, then no additional A-MPR is needed to meet NS emission requirements.  EVM is covered by the additional MPR as proposed.
2.3. Case 7: A-MPR for intra-band contiguous CA_NS

For intra-band contiguous CA with a continuous RB uplink allocation, the A-MPR provided when CA_NS is signaled is not additive to MPR.  Therefore, the A-MPR table for each CA_NS was proposed to be studied case-by-case in [2].  All CA_NS tables were simulated.  It was found that to meet emission requirements, additional A-MPR is required compared to 16 QAM by approximately 0.5 dB in some cases.  For all cases, additional A-MPR (since no MPR is given) is needed to meet EVM requirements.  Two approaches can be considered here. The first approach is to modify all CA_NS A-MPR tables to include a column for 64 QAM modulation.  The second approach is to define the backoff for 64 QAM when CA_NS is signaled to be max(MPR, A-MPR) where the MPR is as proposed in Section 2.1 of this paper and the A-MPR is the existing A-MPR provided when CA_NS is signaled.  The first option is more consistent with the currently method of defining A-MPR when CA_NS is signaled for intra-band CA but requires that each A-MPR table is examined and revised.  The second option would apply a different approach to determining the A-MPR for 64 QAM when CA_NS is signaled, but would not require any change to the existing A-MPR tables.
For the first option, the proposed modification to the specification is as follows

For intra-band contiguous aggregation with the UE configured for transmissions within the aggregated channel bandwidth, the maximum output power reductions specified in Table 6.2.4A-1 is allowed when the applicable CA network signalling value is indicated by the IE additionalSpectrumEmissionSCell-r10. Then clause 6.2.3A does not apply, i.e. carrier aggregation MPR = 0dB for QPSK and 16 QAM modulations.  For 64 QAM modulations, the maximum output power reduction is given by the maximum of MPR as defined in clause 6.2.3A and A-MPR as defined in clause 6.2.4A.
Each A-MPR table in clause 6.2.4A would then be modified to indicate that the A-MPR defined applies to 64 QAM as well as 16 QAM and QPSK, but no numerical changes would be required.

For the second option, each A-MPR table is modified.  Proposed changes to each A-MPR table are shown below.
Table 6.2.4A.1-1: Contiguous allocation A-MPR for CA_NS_01

	CA_1C: CA_NS_01
	RBstart
	LCRB [RBs]
	RBstart + LCRB
[RBs]
	A-MPR for QPSK and 16-QAM [dB]
	A-MPR for 64-QAM [dB]

	100 RB / 100 RB
	0 – 23 and 176 – 199
	> 0
	N/A
	≤ 12.0
	≤ 12.0

	
	24 – 105
	> 64
	N/A
	≤ 6.0
	≤ 6.0

	
	
	≤ 64
	N/A
	0
	≤ [3.0]

	
	106 – 175
	N/A
	> 175
	≤ 5.0
	≤ 5.0

	
	
	N/A
	≤ 175
	0
	≤ [2.0]

	75 RB / 75 RB
	0 – 6 and 143 – 149
	0 < LCRB ≤ 10
	N/A
	≤ 11.0
	≤ 11.0

	
	
	> 10
	N/A
	≤ 6.0
	≤ 6.0

	
	7 – 90 
	> 44
	N/A
	≤ 5.0
	≤ 5.0

	
	
	≤ 44
	N/A
	0
	≤ [3.0]

	
	91 – 142
	N/A
	> 142
	≤ 2.0
	≤ 2.0

	
	91 – 142
	N/A
	≤ 142
	0
	≤ [2.0]

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

NOTE 2:
L_CRB 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


Table 6.2.4A.2-1: Contiguous allocation A-MPR for CA_NS_02

	CA_1C: CA_NS_02
	RBend
	LCRB [RBs]
	A-MPR for QPSK and 16 –QAM [dB]
	A-MPR for 64-QAM [dB]

	100 RB / 100 RB
	0 –20
	> 0
	≤ 4 dB
	≤ 4 dB

	
	21 – 46
	> 0
	≤ 3 dB
	≤ 3 dB

	
	47 – 99
	> RBend - 20
	≤ 3 dB
	≤ 3 dB

	
	
	≤ RBend - 20
	0
	≤ [2 dB]

	
	100 – 184
	> 75
	≤ 6 dB
	≤ 6 dB

	
	
	≤ 75
	0
	≤ [3 dB]

	
	185 – 199
	> 0
	≤ 10 dB
	≤ 10 dB

	75 RB / 75 RB
	0 – 48
	> 0
	≤ 2 dB
	≤ 2 dB

	
	49 – 80
	> RBend - 20
	≤ 3 dB
	≤ 3 dB

	
	
	≤ RBend - 20
	0
	≤ [3 dB]

	
	81 – 129
	> 60
	≤ 5 dB
	≤ 5 dB

	
	
	≤ 60
	0
	≤ [3 dB]

	
	130 – 149
	> 84
	≤ 6 dB
	≤ 6 dB

	
	130 – 149
	1 – 84
	≤ 2 dB
	≤ 3 dB


Table 6.2.4A.3-1: Contiguous allocation A-MPR for CA_NS_03

	CA_1C: CA_NS_03
	RBend
	LCRB [RBs]
	A-MPR for QPSK and 16-QAM [dB]
	A-MPR for 64-QAM [dB]

	100 RB / 100 RB
	0 – 26
	> 0
	≤ 10 dB
	≤ 10 dB

	
	27 – 63
	≥ RBend - 27
	≤ 6 dB
	≤ 6 dB

	
	27 – 63
	< RBend - 27
	≤ 1 dB
	≤ [2 dB]

	
	64 – 100
	> RBend - 20
	≤ 4 dB
	≤ 4 dB

	
	
	≤ RBend - 20
	0
	≤ [2 dB]

	
	101 – 171
	> 68
	≤ 7 dB
	≤ 7 dB


	
	
	≤ 68
	0
	≤ [3 dB]

	
	172 – 199
	> 0
	≤ 10 dB
	≤ 10 dB

	75 RB / 75 RB
	0 – 20
	> 0
	≤ 10 dB
	≤ 10 dB

	
	21 – 45
	> 0
	≤ 4 dB
	≤ 4 dB

	
	46 – 75
	> RBend – 13
	≤ 2 dB
	≤ 2 dB

	
	
	≤ RBend – 13
	0
	≤ [2 dB]

	
	76 – 95
	> 45
	≤ 5 dB
	≤ 5 dB

	
	
	≤ 45
	0
	≤ [3 dB]

	
	96 – 149
	> 43
	≤ 8 dB
	≤ 8 dB

	
	96 – 119
	≤ 43
	0
	≤ [3 dB]

	
	120 – 149
	1 - 43
	≤ 6 dB
	≤ 6 dB


Table 6.2.4A.4-1: Contiguous Allocation A-MPR for CA_NS_04

	CA Bandwidth Class C
	RBStart
	LCRB [RBs]
	RBstart + LCRB [RBs]
	A-MPR for QPSK [dB]
	A-MPR for 16QAM [dB]
	A-MPR for 64QAM [dB]

	50RB / 100 RB
	0 – 44 and 105 – 149
	>0
	N/A
	≤ 4dB
	≤ 4dB
	≤ 4dB

	
	45 – 104
	N/A
	>105
	≤ 3dB
	≤ 4dB
	≤ 4dB

	
	
	
	≤ 105
	0
	0
	≤ [3dB]

	75 RB / 75 RB
	0 – 44 and 105 – 149
	>0
	N/A
	≤ 4dB
	≤ 4dB
	≤ 4dB

	
	45 – 104
	N/A
	>105
	≤ 4dB
	≤ 4dB
	≤ 4dB

	
	
	
	≤ 105
	0
	0
	≤ [3dB]

	100 RB / 75 RB
	0 – 49 and 125 – 174
	>0
	N/A
	≤ 4dB
	≤ 4dB
	≤ 4dB

	
	50 - 124
	N/A
	>125
	≤ 3dB
	≤ 4dB
	≤ 4dB

	
	
	
	≤ 125
	0
	0
	≤ [3dB]

	100 RB / 100 RB
	0 – 59 and 140 – 199
	>0
	N/A
	≤ 3dB
	≤ 4dB
	≤ 4dB

	
	60– 139
	N/A
	>140
	≤ 3dB
	≤ 4dB
	≤ 4dB

	
	
	
	≤ 140
	0
	0
	≤ [3dB]

	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


Table 6.2.4A.5-1: Contigous Allocation A-MPR for CA_NS_05
	CA_38C
	RBend
	LCRB [RBs]
	A-MPR for QPSK and 16-QAM [dB]
	A-MPR for 64-QAM [dB]

	100RB/100RB
	0 – 12
	>0
	≤ 5 dB
	≤ 5 dB

	
	13 – 79
	> RBend – 13
	≤ 2 dB
	≤ 2 dB

	
	
	≤ RBend – 13
	0
	≤ [2 dB]

	
	80 – 180
	>60
	≤ 6 dB
	≤ 6 dB

	
	
	≤ 60
	0
	≤ [3 dB]

	
	181 – 199
	> 0
	≤ 11 dB
	≤ 11 dB

	75RB/75RB
	0 – 70
	> max (0, RBend -10)
	≤ 2 dB
	≤ 2 dB

	
	
	≤ max (0, RBend -10)
	0
	≤ [2 dB]

	
	71- 108
	> 60
	≤ 5 dB
	≤ 5 dB

	
	
	≤ 60
	0
	≤ [3 dB]

	
	109 – 139
	>0
	≤ 5 dB
	≤ 5 dB

	
	140 – 149 
	≤ 70
	≤ 2 dB
	≤ 2 dB

	
	140 – 149
	>70
	≤ 6 dB
	≤ 6 dB

	NOTE 1:
RBend indicates the highest 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


Table 6.2.4A.6-1: Contiguous Allocation A-MPR for CA_NS_06
	CA Bandwidth Class C
	RBend
	LCRB [RBs]
	A-MPR for QPSK and 16-QAM [dB]
	A-MPR for 64-QAM [dB]

	100RB/100RB
	0 –22
	>0
	≤ 4 dB
	≤ 4 dB

	
	23 – 33
	> RBend – 10
	≤ 2 dB
	≤ 2 dB

	
	
	≤ RBend – 10
	0
	≤ [2 dB]

	
	106 – 142
	> 75
	≤ 3 dB
	≤ 3 dB

	
	
	≤ 75
	0
	≤ [3 dB]

	
	143 – 177
	>70
	≤ 5 dB
	≤ 5 dB

	
	
	≤ 70
	0
	≤ [2 dB]

	
	178 – 199
	> 0
	≤ 10 dB
	≤ 10 dB

	75RB/75RB
	0 – 7
	>0
	≤ 5 dB
	≤ 5 dB

	
	20- 74
	> RBend – 10
	≤ 2 dB
	≤ 2 dB

	
	
	≤ RBend – 10
	0
	≤ [2 dB]

	
	75 – 109
	>64
	≤ 2 dB
	≤ 2 dB

	
	
	≤ 64
	0
	≤ [3 dB]

	
	110 – 144 
	>35
	≤ 6 dB
	≤ 6 dB

	
	
	≤ 35
	0
	≤ [2 dB]

	
	145 – 149
	>0
	≤ 10 dB
	≤ 10 dB

	50RB/100RB

and 100RB/50RB
	0 – 10
	> 0
	≤ 5 dB
	≤ 5 dB

	
	11 – 75
	> max(0, RB_End – 25)
	≤ 2 dB
	≤ 2 dB

	
	
	≤ max(0, RB_End – 25)
	0
	≤ [2 dB]

	
	76 – 103
	> 50
	≤ 3 dB
	≤ 3 dB

	
	
	≤ 50
	0
	≤ [3 dB]

	
	104 – 144
	> 25
	≤ 6 dB
	≤ 6 dB

	
	
	≤ 25
	0
	≤ [2 dB]

	
	145 – 149
	> 0
	≤ 10 dB
	≤ 10 dB

	75RB/100RB

and

100RB/75RB
	0 – 15
	> 0
	≤ 5 dB
	≤ 5 dB

	
	16 – 75 
	> max(0, RB_End – 15)
	≤ 2 dB
	≤ 2 dB

	
	
	≤ max(0, RB_End – 15)
	0
	≤ [2 dB]

	
	76 – 120
	> 50
	≤ 3 dB
	≤ 3 dB

	
	
	≤ 50
	0
	≤ [ dB]

	
	121 – 160
	> 50
	≤ 6 dB
	≤ 6 dB

	
	
	≤ 50
	0
	≤ [2 dB]

	
	161 – 174
	> 0
	≤ 10 dB
	≤ 10 dB


Table 6.2.4A.7-1: Contiguous Allocation A-MPR for CA_NS_07
	CA_39C: CA_NS_07
	RBStart
	LCRB [RBs]
	A-MPR for QPSK and 16-QAM[dB]
	A-MPR for 64-QAM [dB]

	75 RB / 100 RB 
and 

100 RB / 75 RB 
	0 – 13
	> 0
	≤ 11
	≤ 11

	
	14 – 50
	≤ 60
	≤ 3
	≤ 3

	
	51 – 100
	≤ 60
	0
	≤ [3]

	
	14 – 100 
	> 60
	≤ 7
	≤ 7

	
	101 – 155
	> max(155 - RBstart , 0)
	≤ 2
	≤ 2

	
	
	≤ max(155 - RBstart , 0)
	0
	≤ [2]

	
	156 – 174
	> 0
	≤ 5
	≤ 5

	50 RB / 100 RB
and

100 RB / 50 RB
	0 – 5
	> 0
	≤ 11
	≤ 11

	
	6 – 42
	≤ 25
	≤ 3
	≤ 3

	
	
	> 25
	≤ 6
	≤ 6

	
	43 – 80
	> 50
	≤ 5
	≤ 5

	
	
	≤ 50
	0
	≤ [3]

	
	81 – 138 
	> 20
	≤ 2
	≤ 2

	
	
	≤ 20
	0
	≤ [2]

	
	139 – 149  
	> 0
	≤ 5
	≤ 5

	25 RB / 100 RB
and

100 RB / 25 RB
	0 – 32 
	≥ 84
	≤ 6 
	≤ 6 

	
	
	< 84
	≤ 4 
	≤ 4 

	
	33 – 60 
	> 50  
	≤ 3
	≤ 3

	
	
	≤ 50
	0
	≤ [2]

	
	61 – 124 
	> 20
	≤ 3
	≤ 3

	
	
	≤ 20
	0
	≤ [3]


3. Conclusion
In this contribution, the results and recommendations from further studies for MPR and A-MPR are provided for cases 3, 6, and 7.  

· For case 3 MPR for intra-band contiguous CA with continuous allocation, we revised our previous recommendation to reduce the MPR for large allocations and increase the MPR for allocations extending across both CC's.  Two options are presented.  The first is a highly optimized, but more complex MPR table to define separate regions requiring 2 dB and 3 dB MPR.  The second is a simpler specification where 3 dB is applied to all allocations. 

· For case 6 A-MPR for single carrier waveforms when NS is signaled in the cell, it was found that so long as the MPR is agreed as proposed, no additional A-MPR is needed compared to what exists today for 16 QAM.

· For case 7, A-MPR for intra-band CA class C with continuous allocations when CA_NS is signaled, two options are provided.  The first is to define the backoff for 64 QAM to be the max(MPR, A-MPR) which would not require any further numerical changes to the existing A-MPR tables.  The second is to maintain consistency with QPSK and 16 QAM that the backoff is entirely contained within the A-MPR tables when CA_NS is signaled.  For this second option, each of the CA_NS A-MPR tables must be revised and a proposal is provided in this contribution.
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