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1 Introduction
During RAN4 #94e meeting, WF[1] was approved which captured progress on intra-band UL contiguous CA MPR: 
	· Inner and outer RB allocation for contiguous RB allocation: 

· For aggregated channel bandwidth≤100MHz, Inner RB allocation is defined with the equation:
· For RBStart,Low = max(1, floor(NRB_alloc /2)), where NRB_alloc=LCRB1*2^µ1+LCRB2*2^µ2

Inner RB allocation is defined as RBStart,Low  ≤  RBStart  ≤  RBStart,High, NRB_alloc≤ceil[(1/2NRB,agg) ]

RBStart,High = NRB,agg – RBStart,Low – NRB,alloc, where NRB,agg=NRB1*2^µ1+ NRB1*2^µ2

RBStart = RBStart1 ∙ 2^µ1, if LCRB1 > 0
RBStart = NRB1 ∙ 2^µ1 + RBStart2∙2^µ1, if LCRB1 = 0
· For aggregated channel bandwidth>100MHz

· Option 1: For RBStart,Low = max(1, floor(NRB_alloc)), where NRB_alloc=LCRB1*2^µ1+LCRB2*2^µ2
Inner RB allocation is defined as RBStart,Low  ≤  RBStart  ≤  RBStart,High, NRB_alloc≤Floor[(1/3NRB,agg) ]
RBStart,High = NRB,agg – RBStart,Low – NRB,alloc, where NRB,agg=NRB1*2^µ1+ NRB1*2^µ2
For the case with only RBs configured in CC2, RBStart,Low and RBStart  shall accounts for NRB1 in CC1

· Option 2: Same inner/outer allocation definition with bullet 2, but with a relaxed MPR.
· Inner and outer RB allocation for non-contiguous RB allocation:
· Inner allocation: 
· Inner allocation: IMD3 falls within aggregated channel bandwidth, the equation will be further optimized in the next meeting to ensure IM3 would not leaking out of aggregated channel bandwidth based on the following format:

For RBStart,Low = max(1, floor(NRB_alloc)), 
where NRB_alloc = LCRB2 ∙ 2^µ2, if LCRB1=0
NRB_alloc = LCRB1 ∙ 2^µ1, if LCRB2=0
NRB_alloc = (NRB1- RBStart1) ∙ 2^µ1 + (RBStart2+ LCRB2) ∙ 2^µ2, otherwise
Inner RB allocation is defined as RBStart,Low  ≤  RBStart  ≤  RBStart,High, NRB_alloc≤Floor[(1/3NRB,agg) ]
RBStart,High = NRB,agg – RBStart,Low – NRB,alloc, where NRB,agg=NRB1*2^µ1+ NRB2*2^µ2
RBStart = RBStart1 ∙ 2^µ1, if LCRB1 > 0
· Outer allocation:
· Option 1: further group into outer 1 and outer 2, where outer 2 means IM5 falls outside of the -13dBm/MHz SEM mask or in the -25dbm/MHz and -30dBm/MHz spurious region.
· Option 2: all allocations except inner allocation in bullet 1 is an outer allocation, take the worst MPR when defining MPR for outer allocation
· Option 3: all allocations except inner allocation in bullet 1 is an outer allocation, allow MPR to be reduced by the allocation ratio as was done for LTE CA.
· Option 4: further group into outer 1 and outer 2, allow MPR to be reduced by the allocation ratio as was done for LTE CA for outer 2 allocation 

· MPR value for contiguous allocation:(format can be found in the WF[1] with values TBD) 
· For contiguous inner allocation, it is encouraged to further evaluate and provide simulation/measurement result on following RB allocation:

· 20M+20M(15kHz+15kHz): large allocation , i.e. 53RB53+53RB0

· 50M+50M(15kHz+15kHz): large allocation , i.e. 135RB135+135RB0

· 100M+60M(30kHz+30kHz): large allocation , i.e. 54RB108+162RB0

· 100M+100M(30kHz+30kHz): large allocation , i.e. 136RB137+136RB0
· For contiguous Outer allocation, it is encouraged to further evaluate and provide simulation/measurement result on full RB allocations for ≤100MHz and >100MHz.

· MPR value for non-contiguous allocation:(format can be found in the WF[1] with values TBD) 

· For non-contiguous inner allocation, it is encouraged to further evaluate and provide simulation/measurement result on RB allocation with IMD5/7 falls into the SEM -13dBm/MHz

· 20M+20M: i.e.1RB72+1RB31

· 50M+50M: i.e. 1RB198+1RB94

· 100M+60M: i.e. 1RB161+1RB132

· 100M+100M : i.e. 1RB183+1RB87

· For non-contiguous outer allocation, it is encouraged to further evaluate and provide simulation/measurement result on worst RB allocation case: 1RB+1RB for outer2 allocation

· 20M+20M: i.e.1RB0+1RB105

· 50M+50M: i.e.1RB0+1RB269

· 100M+60M: i.e. 1RB0+1RB272

· 100M+100M:i.e. 1RB0+1RB272

· Note: Whether Outer allocation need to be further grouped into 2 type depends on the conclusion in slide 3
· Currently de-prioritize the NS04 and NS27 in Rel-16 before MPR requirement is completed


This paper provides further analysis and measurement result on intra-band UL CA MPR requirement. 
2 Discussion
2.1 Inner/outer RB allocation definition for contiguous UL CA
2.1.1 Contiguous RB allocation
In the last meeting, we get agreement on the specific definition and equation on inner/outer RB allocation for aggregated channel bandwidth≤100MHz. The only divergence is on aggregated channel bandwidth>100MHz. According to the measurement result on the largest inner RB allocation with RBStart = floor(NRB_alloc /2), NRB_alloc= ceil[(1/2NRB,agg) ] and with RBStart = floor(NRB_alloc ), NRB_alloc= ceil[(1/3NRB,agg) ] for different CA configurations:

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	100+100MHz
	CP-OFDM
	Inner largest
	136RB137
	136RB0
	3
	ACLR

	
	DFT-s-OFDM
	Inner largest
	136RB137
	136RB0
	1.5
	ACLR

	
	CP-OFDM
	Inner
	91RB182
	91RB0
	2.5
	ACLR

	
	DFT-s-OFDM
	Inner
	90RB182
	90RB0
	1
	ACLR

	60+100MHz
	CP-OFDM
	Inner largest
	54RB108
	162RB0
	3
	ACLR

	
	DFT-s-OFDM
	Inner largest
	54RB108
	162RB0
	1.5
	ACLR

	
	CP-OFDM
	Inner
	72RB145
	73RB0
	2.5
	ACLR

	
	DFT-s-OFDM
	Inner
	72RB145
	72RB0
	1
	ACLR


From the measurement results, we can see there is little difference between two inner allocations, which is about 0.5dB. It is worth noting that this difference only happenes for aggregated channel bandwidth >100MHz. We can accept to define the inner RB allocation for aggregated channel bandwidth ≤200MHz with the below definition:
For RBStart,Low = max(1, floor(NRB_alloc /2)), where NRB_alloc=LCRB1*2^µ1+LCRB2*2^µ2
Inner RB allocation is defined as RBStart,Low  ≤  RBStart  ≤  RBStart,High, NRB_alloc≤ceil[(1/2NRB,agg) ]

RBStart,High = NRB,agg – RBStart,Low – NRB,alloc, where NRB,agg=NRB1*2^µ1+ NRB1*2^µ2
RBStart = RBStart1 ∙ 2^µ1, if LCRB1 > 0
RBStart = NRB1 ∙ 2^µ1 + RBStart2∙2^µ2, if LCRB1 = 0
Other RB allocations are outer RB allocation.
Proposal 1: for intra-band UL contiguous CA with contiguous RB allocation, inner/outer RB allocation is defined as in 2.1.1 for aggregated channel bandwidth ≤200MHz.
2.1.2 Non-contiguous RB allocation
For the definition on inner RB, the only remaining issue is to ensure that IM3 would not leaking out of aggregated channel bandwidth. When we evaluate on MPR, we generally assume the 2CCs are positioned with nominal channel space, then their could be a gap between 2 CCs, however “0 guard” could be happen but only for some specific configuration.
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Fig 1. Non-contiguous RB allocation with gap between 2CCs

The equation in the WF[1] discussed for non-contiguous RB allocation actually do not take this gap into consideration. We can further optimise the equation as below(revision marked in color):

For RBStart,Low = max(1, floor(NRB_alloc)), 
where NRB_alloc = LCRB2 ∙ 2^µ2, if LCRB1=0
NRB_alloc = LCRB1 ∙ 2^µ1, if LCRB2=0
NRB_alloc = (NRB1- RBStart1) ∙ 2^µ1 + (RBStart2+ LCRB2) ∙ 2^µ2+BWgap/0.15, otherwise
Inner RB allocation is defined as RBStart,Low  ≤  RBStart  ≤  RBStart,High, NRB_alloc≤Floor[(1/3NRB,agg) ]
RBStart,High = NRB,agg – RBStart,Low – NRB,alloc, where NRB,agg=NRB1*2^µ1+ NRB2*2^µ2+(BWgap+2*BWGB) /0.15
RBStart = RBStart1 ∙ 2^µ1, if LCRB1 > 0
Where BWgap=Nominal channel space-(NRB1*12*SCS1/2+ NRB2*12*SCS2/2)
With above equation, it can ensure that all IMD3 falling inside the aggregated channel bandwidth.
Proposal 2: for intra-band UL contiguous CA with non-contiguous RB allocation, inner/outer RB allocation is defined as in 2.1.2

For outer RB allocation, whether further grouping is decided by the MPR value. In the last meeting, there are 2 options for further grouping:
· Option 1: further group into outer 1 and outer 2, where outer 2 means IM5 falls outside of the -13dBm/MHz SEM mask or in the -25dbm/MHz and -30dBm/MHz spurious region.
· Option 2: further group into outer 1 and outer 2, allow MPR to be reduced by the allocation ratio as was done for LTE CA for outer 2 allocation.

We provide some measurement result on outer 1 and outer 2 respectively, it shows 7-8dB difference between outer 1 and outer 2:
	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	100+100MHz
	CP-OFDM
	Outer1
	1RB182
	1RB89
	7
	SEM-13dBm/MHz

	
	DFT-s-OFDM
	Outer1
	1RB182
	1RB89
	6
	SEM-13dBm/MHz

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

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


Considering the difference between outer1 and outer 2 allocation, it is better to further group. 
Proposal 3: further group into outer 1 and outer 2, where outer 2 means IM5 falls outside of the -13dBm/MHz SEM mask or in the -25dbm/MHz and -30dBm/MHz spurious region.
Outer 1 region can be defined as below:

2*(FstopALL2-FstartALL1)< RBstart1*12*SCS1+ BWchannel_CA  And 2*(FstopALL2-FstartALL1)< (RBtot2-RBstop2)*12*SCS2+ BWchannel_CA
Then we can get: 

NRB_alloc = (NRB1- RBStart1) ∙ 2^µ1 + (RBStart2+ LCRB2) ∙ 2^µ2+BWgap/0.15
NRB,agg=NRB1*2^µ1+ NRB2*2^µ2+(BWgap+2*BWGB) /0.15
2* NRB_alloc< RBstart1*2^µ1+ NRB,agg
2* NRB_alloc< (NRB2-(RBstart2+LCRB2))*2^µ2 +NRB,agg
Proposal 4: Outer 1 allocation can be defined with equation:

If an allocation is not an inner allocation, and it satisfy

2* NRB_alloc< RBstart1*2^µ1+ NRB,agg
2* NRB_alloc< (NRB2-(RBstart2+LCRB2))*2^µ2 +NRB,agg
It is outer 1 allocation.

The other allocation is outer 2 allocation
2.2 MPR measurement results
According to the WF[1], we further have measurement on the RB allocation which is encouraged.
· Contiguous inner allocation

	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

	60+100MHz
	CP-OFDM
	inner
	54RB108
	162RB0
	3
	ACLR

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

	100+100MHz
	CP-OFDM
	inner
	136RB137
	136RB0
	3.5
	ACLR

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


· Contiguous full allocation

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	20+20MHz
	CP-OFDM
	full
	106RB0
	106RB0
	6
	ACLR

	20+20MHz
	DFT-s-OFDM
	full
	100RB0
	100RB0
	6
	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
	162RB0
	7.5
	ACLR

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


· Non-contiguous inner allocation

	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%


· Non-contiguous outer1 allocation

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

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

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

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

	50+50MHz
	DFT-s-OFDM
	inner
	1RB0
	1RB272
	5
	SEM-13dBm/1%

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

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


· Non-contiguous outer2 allocation

	CA configuraiton
	waveform
	RB allocation
	CC1
	CC2
	BO
	Limit factor

	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
	[1.5]dB
	[6]dB
	[3]dB
	[8]dB

	
	16QAM
	TBD
	TBD
	TBD
	TBD

	
	64QAM
	TBD
	TBD
	TBD
	TBD

	
	256QAM
	TBD
	TBD
	TBD
	TBD

	CP-OFDM
	QPSK
	[3.5]dB
	[6]dB
	[5]dB
	[8]dB

	
	16QAM
	TBD
	TBD
	TBD
	TBD

	
	64QAM
	TBD
	TBD
	TBD
	TBD

	
	256QAM
	TBD
	TBD
	TBD
	TBD


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
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	64QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	256QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

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

	
	16QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	64QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	256QAM
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD


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 with contiguous RB allocation, inner/outer RB allocation is defined as in 2.1.1 for aggregated channel bandwidth ≤200MHz.
Proposal 2: for intra-band UL contiguous CA with non-contiguous RB allocation, inner/outer RB allocation is defined as in 2.1.2

Proposal 3: further group into outer 1 and outer 2, where outer 2 means IM5 falls outside of the -13dBm/MHz SEM mask or in the -25dbm/MHz and -30dBm/MHz spurious region.
Proposal 4: Outer 1 allocation can be defined with equation:

If an allocation is not an inner allocation, and it satisfy

2* NRB_alloc< RBstart1*2^µ1+ NRB,agg
2* NRB_alloc< (NRB2-(RBstart2+LCRB2))*2^µ2 +NRB,agg
It is outer 1 allocation.

The other allocation is outer 2 allocation
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