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1. Introduction

With 64QAM modulation in the uplink, it is necessary to consider whether A-MPR needs to be revisited.  In this contribution, we provide initial simulation results suggesting that A-MPR for CA_NS does require modification to support 64 QAM.
2. Discussion

As agreed in the way forward of [1], the need for MPR and A-MPR for UL 64QAM should be studied and defined as necessary, for single carrier as well as inter-band and intra-band CA.  In this contribution, the results of a simulation study to determine the power backoff required to support 64QAM are presented.  PA simulations were run assuming a EVM requirement of 8% of which 4% has been allocated to the PA as described in [2].  
A review of the current MPR and A-MPR specifications reveals the following
	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]

	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
	

	6
	MPR + A-MPR
	Single carrier (NS signaled)
	contiguous
	table
	no
	

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

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


The last column of the table represents our recommendations.  Cases 1 and 3 were discussed in [2] previously.
2.1. Simulation results

Simulation results are summarized below.  The simulations were PA only run against 8% EVM requirement where 4% was allocated to the PA.  The PA's were calibrated to just meet ACLR requirements.  ACLR, SEM, and spurious emissions were checked separately and found to also conform with recommendations provided in this contribution.
Table 1 below for case 3 reaffirms the previous conclusion that an additional 1 dB is required for 64QAM relative to 16QAM.

Table 1.  MPR needed for case 3 intra-band contiguous CA for EVM, no CA_NS signaled

	Bandwidth combination
	CC1
	CC2
	Backoff needed
	16QAM MPR specification

	
	RBstart
	L_CRB
	RBstart
	L_CRB
	
	

	20 + 20
	0
	100
	0
	100
	2.3
	3

	20 + 20
	24
	64
	0
	0
	1.4
	2

	20 + 20
	68
	32
	0
	32
	2.3
	2

	20 + 20
	0
	1
	0
	0
	1.3
	1

	20 + 20
	60
	40
	0
	100
	2.2
	3

	20 + 20
	0
	18
	0
	0
	2.1
	1

	20 + 20
	0
	100
	0
	0
	1.4
	2

	5+20
	0
	25
	0
	100
	3.1
	3

	10+20
	0
	50
	0
	100
	2.5
	3

	15+20
	0
	75
	0
	100
	2.3
	3


Table 2 for case 4 illustrates a small set of non-contiguous RB allocations where the backoff required for 64QAM to meet EVM is well below the backoff required to meet ACLR, SEM, and spurious emissions.  Moreover, since 64QAM ACLR, SEM, and spurious emissions can be met with the same backoff as allowed for 16QAM, then no addtional backoff is required for 64QAM.  We generalize this conclusion to other non-contiguous RB allocation cases as well since the backoff is dominated by emissions rather than by EVM.
Table 2.  MPR needed for case 4 intra-band contiguous CA, non-contiguous resource allocation, for EVM, no CA_NS signaled

	Bandwidth combination
	CC1
	CC2
	Backoff needed
	16QAM MPR specification

	
	RBstart
	L_CRB
	RBstart
	L_CRB
	
	

	20 + 20
	0
	1
	99
	1
	1.9
	8

	20 + 20
	68
	32
	0
	32
	2.3
	4

	20 + 20
	0
	36
	64
	36
	2
	4

	20 + 20
	0
	15
	85
	15
	2
	6

	20 + 20
	0
	60
	40
	60
	2
	3.5

	20 + 20
	1
	1
	15
	1
	1.9
	4.5

	20 + 20
	0
	40
	60
	40
	2
	3.5

	20 + 20
	0
	25
	75
	25
	1.9
	4

	20 + 20
	0
	80
	20
	80
	2.1
	3.5

	20 + 20
	52
	1
	47
	1
	1.9
	6


Table 3 for case 7 shows several cases where backoff is insufficient to meet 64QAM EVM when CA_NS is signaled.  We recommend that the CA_NS A-MPR requirements for 64QAM are studied more carefully.  To avoid unnecessary A-MPR, it is recommended that case-by-case treatment may be needed.
Table 3.  A- MPR needed for case 7 intra-band contiguous CA, contiguous resource allocation, for EVM, with CA_NS signaled

	Bandwidth combination
	CA_NS
	CC1
	CC2
	Backoff needed
	16QAM MPR specification

	
	
	RBstart
	L_CRB
	RBstart
	L_CRB
	
	

	20 + 20
	01, 02, 03, 06
	24
	64
	0
	0
	1.4
	0

	20 + 20
	01, 02, 03, 04, 06
	68
	32
	0
	32
	2.3
	0

	20 + 20
	05
	0
	18
	0
	0
	2.1
	2

	20 + 20
	04
	0
	100
	0
	0
	1.4
	0


3. Conclusion
Simulation studies are provided to form recommendations for MPR and A-MPR with 64 QAM uplink.  Some items are still incomplete, namely cases 5, 6, and 7 for which we will continue to study with the aim to provide recommendations at RAN4 #75.
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