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1 Introduction
During RAN4 #94bis-e meeting, WF[1] was approved with initial MPR value on intra-band UL contiguous CA: 
· Contiguous RB allocation
	Modulation
	MPR for bandwidth class B
	MPR for bandwidth class C

	
	inner
	outer
	inner
	Outer(1)

	DFT-s-OFDM
	Pi/2 BPSK
	TBD
	TBD
	TBD
	TBD

	
	QPSK
	[0-1.5]dB
	[2-4]dB
	[0-2.5]dB
	[8]dB

	
	16QAM
	TBD
	TBD
	TBD
	TBD

	
	64QAM
	TBD
	TBD
	TBD
	TBD

	
	256QAM
	TBD
	TBD
	TBD
	TBD

	CP-OFDM
	QPSK
	[1.5-3]dB
	[3~5]dB
	[1.5-4]dB
	[8]dB

	
	16QAM
	TBD
	TBD
	TBD
	TBD

	
	64QAM
	TBD
	TBD
	TBD
	TBD

	
	256QAM
	TBD
	TBD
	TBD
	TBD


· Non-contiguous RB allocation

	Modulation
	MPR for bandwidth class B
	MPR for bandwidth class C

	
	inner
	Outer1
	Outer2
	inner
	Outer1
	Outer2

	DFT-s-OFDM
	Pi/2 BPSK
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	QPSK
	[3]dB
	[6]dB
	[13]dB
	[4]dB
	[6]dB
	[14]dB

	
	16QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	64QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	256QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	CP-OFDM
	QPSK
	[4]dB
	[7]dB
	[13]dB
	[4]dB
	[7]dB
	[14]dB

	
	16QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	64QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	256QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD


This paper provides further analysis and measurement result on intra-band UL CA MPR requirement. 
2 Discussion
2.1 RF requirement and architecture
In WF[1], RF architectures impact on UL MIMO was raised for intra-band UL contiguous CA, the limitation comes from the maximum bandwidth 1PA or 1Tx chain can support. For signalling on architecture and UL MIMO, we believe this topic will be further discussed in Rel-16 UE feature list. While for RF requirement definition and MPR evaluation, we don’t differentiate the RF architecture, one set of RF requirement will be defined for intra-band UL contiguous CA.
Proposal 1: for intra-band UL contiguous CA, RF requirements are defined transparent to RF architecture.
2.2 MPR measurement results
2.2.1 contiguous RB allocation

In WF[1], the MPR for inner allocation was provided with a range, with confirmation on following assumptions:

· Up to 2dB difference in PAPR between DFT-s-OFDM and CP-OFDM
· User data only correlated case and lower correlation for DMRS between CCs
Under such conditions, we further evaluate on the MPR for inner allocations.

· Contiguous inner allocation

· QPSK

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	inner
	53RB53
	53RB0
	1.5
	ACLR

	20+20MHz
	DFT-s-OFDM
	inner
	53RB53
	53RB0
	1
	ACLR

	50+50MHz
	CP-OFDM
	inner
	135RB135
	135RB0
	1.5
	ACLR

	50+50MHz
	DFT-s-OFDM
	inner
	135RB135
	135RB0
	1
	ACLR

	60+100MHz
	CP-OFDM
	inner
	54RB108
	162RB0
	2.5
	ACLR

	60+100MHz
	DFT-s-OFDM
	inner
	54RB108
	162RB0
	1.5
	ACLR

	100+100MHz
	CP-OFDM
	inner
	136RB137
	136RB0
	2.5
	ACLR

	100+100MHz
	DFT-s-OFDM
	inner
	136RB137
	136RB0
	1.5
	ACLR


· 256QAM

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	inner
	53RB53
	53RB0
	5
	EVM

	20+20MHz
	DFT-s-OFDM
	inner
	53RB53
	53RB0
	5
	EVM

	50+50MHz
	CP-OFDM
	inner
	135RB135
	135RB0
	6
	EVM

	50+50MHz
	DFT-s-OFDM
	inner
	135RB135
	135RB0
	6
	EVM

	60+100MHz
	CP-OFDM
	inner
	54RB108
	162RB0
	8
	EVM

	60+100MHz
	DFT-s-OFDM
	inner
	54RB108
	162RB0
	8
	EVM

	100+100MHz
	CP-OFDM
	inner
	136RB137
	136RB0
	8
	EVM

	100+100MHz
	DFT-s-OFDM
	inner
	136RB137
	136RB0
	8
	EVM


· 64QAM

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	inner
	53RB53
	53RB0
	3
	EVM

	20+20MHz
	DFT-s-OFDM
	inner
	53RB53
	53RB0
	3
	EVM

	50+50MHz
	CP-OFDM
	inner
	135RB135
	135RB0
	4
	EVM

	50+50MHz
	DFT-s-OFDM
	inner
	135RB135
	135RB0
	4
	EVM

	60+100MHz
	CP-OFDM
	inner
	54RB108
	162RB0
	4.5
	EVM

	60+100MHz
	DFT-s-OFDM
	inner
	54RB108
	162RB0
	4.5
	EVM

	100+100MHz
	CP-OFDM
	inner
	136RB137
	136RB0
	5
	EVM

	100+100MHz
	DFT-s-OFDM
	inner
	136RB137
	136RB0
	5
	EVM


· 16QAM

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	inner
	53RB53
	53RB0
	1.5
	ACLR

	20+20MHz
	DFT-s-OFDM
	inner
	53RB53
	53RB0
	1
	ACLR

	50+50MHz
	CP-OFDM
	inner
	135RB135
	135RB0
	1.5
	ACLR

	50+50MHz
	DFT-s-OFDM
	inner
	135RB135
	135RB0
	1
	ACLR

	60+100MHz
	CP-OFDM
	inner
	54RB108
	162RB0
	2.5
	ACLR

	60+100MHz
	DFT-s-OFDM
	inner
	54RB108
	162RB0
	1.5
	ACLR

	100+100MHz
	CP-OFDM
	inner
	136RB137
	136RB0
	2.5
	ACLR

	100+100MHz
	DFT-s-OFDM
	inner
	136RB137
	136RB0
	1.5
	ACLR


· Contiguous full allocation for bandwidth class B
· QPSK

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	full
	106RB0
	106RB0
	3
	ACLR

	20+20MHz
	DFT-s-OFDM
	full
	100RB0
	100RB0
	2
	ACLR

	50+50MHz
	CP-OFDM
	full
	270RB0
	270RB0
	3.5
	ACLR

	50+50MHz
	DFT-s-OFDM
	full
	270RB0
	270RB0
	2.5
	ACLR


· 256QAM
	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	full
	106RB0
	106RB0
	5
	EVM

	20+20MHz
	DFT-s-OFDM
	full
	100RB0
	100RB0
	5
	EVM

	50+50MHz
	CP-OFDM
	full
	
	
	6
	EVM

	50+50MHz
	DFT-s-OFDM
	full
	
	
	6
	EVM

	100+60MHz
	CP-OFDM
	full
	273RB0
	162RB0
	7
	EVM

	100+60MHz
	DFT-s-OFDM
	full
	270RB0
	270RB0
	7
	EVM

	100+100MHz
	CP-OFDM
	full
	273RB0
	273RB0
	7
	EVM

	100+100MHz
	DFT-s-OFDM
	full
	270RB0
	270RB0
	7
	EVM


· 64QAM
	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	full
	106RB0
	106RB0
	3
	ACLR

	20+20MHz
	DFT-s-OFDM
	full
	100RB0
	100RB0
	3
	ACLR

	50+50MHz
	CP-OFDM
	full
	
	
	4
	ACLR

	50+50MHz
	DFT-s-OFDM
	full
	
	
	4
	ACLR

	100+60MHz
	CP-OFDM
	full
	273RB0
	162RB0
	7
	ACLR

	100+60MHz
	DFT-s-OFDM
	full
	270RB0
	270RB0
	7
	ACLR

	100+100MHz
	CP-OFDM
	full
	273RB0
	273RB0
	7.5
	ACLR

	100+100MHz
	DFT-s-OFDM
	full
	270RB0
	270RB0
	7.5
	ACLR


· 16QAM
	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	full
	106RB0
	106RB0
	3
	ACLR

	20+20MHz
	DFT-s-OFDM
	full
	100RB0
	100RB0
	2
	ACLR

	50+50MHz
	CP-OFDM
	full
	
	
	3.5
	ACLR

	50+50MHz
	DFT-s-OFDM
	full
	
	
	3
	ACLR

	100+60MHz
	CP-OFDM
	full
	273RB0
	162RB0
	7
	ACLR

	100+60MHz
	DFT-s-OFDM
	full
	270RB0
	270RB0
	7
	ACLR

	100+100MHz
	CP-OFDM
	full
	273RB0
	273RB0
	7.5
	ACLR

	100+100MHz
	DFT-s-OFDM
	full
	270RB0
	270RB0
	7.5
	ACLR


· Non-contiguous inner allocation

· QPSK

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	inner
	1RB72
	1RB31
	3
	SEM-13dBm/1%

	20+20MHz
	DFT-s-OFDM
	inner
	1RB72
	1RB31
	3
	SEM-13dBm/1%

	50+50MHz
	CP-OFDM
	inner
	1RB198
	1RB94
	4.5
	SEM-13dBm/1%

	50+50MHz
	DFT-s-OFDM
	inner
	1RB198
	1RB94
	4
	SEM-13dBm/1%

	100+100MHz
	CP-OFDM
	inner
	1RB183
	1RB87
	4.5
	SEM-13dBm/1%

	100+100MHz
	DFT-s-OFDM
	inner
	1RB183
	1RB87
	4
	SEM-13dBm/1%


· 256QAM
	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	inner
	1RB72
	1RB31
	5
	EVM

	20+20MHz
	DFT-s-OFDM
	inner
	1RB72
	1RB31
	5
	EVM

	50+50MHz
	CP-OFDM
	inner
	1RB198
	1RB94
	6
	EVM

	50+50MHz
	DFT-s-OFDM
	inner
	1RB198
	1RB94
	6
	EVM

	100+100MHz
	CP-OFDM
	inner
	1RB183
	1RB87
	7
	EVM

	100+100MHz
	DFT-s-OFDM
	inner
	1RB183
	1RB87
	7
	EVM


· 64QAM

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	inner
	1RB72
	1RB31
	4
	EVM

	20+20MHz
	DFT-s-OFDM
	inner
	1RB72
	1RB31
	4
	EVM

	50+50MHz
	CP-OFDM
	inner
	1RB198
	1RB94
	4.5
	EVM

	50+50MHz
	DFT-s-OFDM
	inner
	1RB198
	1RB94
	4.5
	EVM

	100+100MHz
	CP-OFDM
	inner
	1RB183
	1RB87
	5
	EVM

	100+100MHz
	DFT-s-OFDM
	inner
	1RB183
	1RB87
	5
	EVM


· 16QAM

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	inner
	1RB72
	1RB31
	5
	EVM

	20+20MHz
	DFT-s-OFDM
	inner
	1RB72
	1RB31
	5
	EVM

	50+50MHz
	CP-OFDM
	inner
	1RB198
	1RB94
	5
	EVM

	50+50MHz
	DFT-s-OFDM
	inner
	1RB198
	1RB94
	5
	EVM

	100+100MHz
	CP-OFDM
	inner
	1RB183
	1RB87
	6
	EVM

	100+100MHz
	DFT-s-OFDM
	inner
	1RB183
	1RB87
	6
	EVM


· Non-contiguous outer1 allocation

· QPSK

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	O1
	1RB70
	1RB35
	5
	SEM-13dBm/1%

	20+20MHz
	DFT-s-OFDM
	O1
	1RB70
	1RB35
	5
	SEM-13dBm/1%

	50+50MHz
	CP-OFDM
	O1
	1RB195
	1RB95
	4
	SEM-13dBm/1%

	50+50MHz
	DFT-s-OFDM
	O1
	1RB195
	1RB95
	5
	SEM-13dBm/1%

	100+100MHz
	CP-OFDM
	O1
	1RB182
	1RB89
	7
	SEM-13dBm/1%

	100+100MHz
	DFT-s-OFDM
	O1
	1RB182
	1RB89
	6
	SEM-13dBm/1%


· 256QAM
	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	O1
	1RB70
	1RB35
	5
	EVM

	20+20MHz
	DFT-s-OFDM
	O1
	1RB70
	1RB35
	5
	EVM

	50+50MHz
	CP-OFDM
	O1
	1RB195
	1RB95
	8
	EVM

	50+50MHz
	DFT-s-OFDM
	O1
	1RB195
	1RB95
	8
	EVM

	100+100MHz
	CP-OFDM
	O1
	1RB182
	1RB89
	8
	EVM

	100+100MHz
	DFT-s-OFDM
	O1
	1RB182
	1RB89
	8
	EVM


· Non-contiguous outer2 allocation

· QPSK

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	50+50MHz
	CP-OFDM
	Outer2
	1RB0
	1RB269
	13
	SEM-30dBm/MHz

	100+100MHz
	CP-OFDM
	Outer2
	1RB0
	1RB272
	14
	SEM-30dBm/MHz

	100+100MHz
	DFT-s-OFDM
	Outer2
	1RB0
	1RB272
	14
	SEM-30dBm/MHz


	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	50+50MHz
	CP-OFDM
	Outer2
	1RB0
	1RB269
	13
	SEM-30dBm/MHz

	100+100MHz
	CP-OFDM
	Outer2
	1RB0
	1RB272
	14
	SEM-30dBm/MHz

	100+100MHz
	DFT-s-OFDM
	Outer2
	1RB0
	1RB272
	14
	SEM-30dBm/MHz


According to the analysis, we propose to define contiguous RB allocation and non-contiguous RB allocation respectively, both of them use the inner/outer allocation form. The MPR framework can be seen as below. We also provide our initial MPR value recommendation in the two tables.
Table 1 Contiguous allocation MPR 
	Modulation
	MPR for bandwidth class B
	MPR for bandwidth class C

	
	inner
	outer
	inner
	outer

	DFT-s-OFDM
	Pi/2 BPSK
	TBD
	TBD
	TBD
	TBD

	
	QPSK
	[1]dB 
	[4]dB
	[2.5]dB
	[8]dB

	
	16QAM
	2
	4
	2.5
	8

	
	64QAM
	4
	5
	8

	
	256QAM
	6
	7
	8

	CP-OFDM
	QPSK
	[1.5]dB
	[4]dB
	[3.5]dB
	[8]dB

	
	16QAM
	2.5
	4
	3.5
	8

	
	64QAM
	4
	5
	8

	
	256QAM
	6
	7
	8


Table 2 Non-Contiguous allocation MPR
	Modulation
	MPR for bandwidth class B
	MPR for bandwidth class C

	
	inner
	Outer1
	Outer2
	inner
	Outer1
	Outer2

	DFT-s-OFDM
	Pi/2 BPSK
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	QPSK
	[3]dB
	[6]dB
	[13]dB
	[5]dB
	[7]dB
	[14]dB

	
	16QAM
	4
	6
	
	5
	7
	

	
	64QAM
	6
	
	7
	

	
	256QAM
	7
	
	8
	

	CP-OFDM
	QPSK
	[3]dB
	[8]dB
	[13]dB
	[5]dB
	[8]dB
	[14]dB

	
	16QAM
	4
	8
	
	5
	8
	

	
	64QAM
	6
	8
	
	6
	8
	

	
	256QAM
	8
	
	8
	


Proposal 2: For contiguous RB allocation and inner RB, define 1dB and 1.5dB MPR for DFT-s-OFDM and CP-OFDM respectively for bandwidth class B. Define 2.5dB and 3.5dB MPR for DFT-s-OFDM and CP-OFDM respectively for bandwidth class C.
Since IBE and EVM is measured under the condition that 2CCs are active but only 1CC is configured with RBs, there were some proposals that the MPR for single CC could be reused for high order modulation case which is not limited by spurious. However, in the real network, the UE is definitely configured with RBs on both CCs simultaneously and there is corresponding UL throughput field test which requires the EVM requirement simultaneously. Considering MPR is used in the Pcmax calculation, and utilized in the real network, we think larger MPR is needed for the cases limited by EVM or IBE.
Proposal 3: define MPR for modulation order 16QAM, 64QAM and 256QAM as in Table 1 and Table 2.
3 Conclusion

In this contribution we discussed on the open issues on intra-band contiguous UL CA MPR, according to the analysis, we have the following proposals: 
Proposal 1: for intra-band UL contiguous CA, RF requirements are defined transparent to RF architecture.
Proposal 2: For contiguous RB allocation and inner RB, define 1dB and 1.5dB MPR for DFT-s-OFDM and CP-OFDM respectively for bandwidth class B. Define 2.5dB and 3.5dB MPR for DFT-s-OFDM and CP-OFDM respectively for bandwidth class C.

Proposal 3: define MPR for modulation order 16QAM, 64QAM and 256QAM as in Table 1 and Table 2.
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