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1 Introduction
During RAN4 #92bis meeting, WF[1] was approved which captured different ways defining RB allocation for intra-band UL CA. 
This paper provides analysis on FR1 MPR requirement for intra-band UL CA. 
2 Discussion
2.1 Inner/outer RB allocation definition
In the last meeting, different inner/outer RB allocation definition was proposed and summarized in the WF. 
Option 1:The first definition is similar as for single carrier, it just considers 2CCs as one aggregated channel bandwidths. For contiguous allocations(including space between 2CCs), the inner/outer definition follows the definition of single carrier. For non-contiguous allocations between 2CCs, an fitting curve can be derived from simulation. The definition would be similar as UL CA non-contiguous allocations for LTE.
Option 2:The other definition is innovative. Inner/outer allocation is defined based on the IM3 fallen position. It means it even can be defined for non-contiguous allocations between CCs. We copy the figure in [2].
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When IM3 falls into the aggregated channel bandwidth, it is inner allocation which is limited by IBE and EVM. Otherwise it is outer allocation which is limited by OOB emissions/ACLR. Generally, we think the second definition comply with the RF characteristic better especially for non-contiguous allocations. For example, for non-contiguous allocations, the A defintion(A= NRB_alloc / NRB_agg) do not diffreciate RB position. Even for 1RB+1RB with a small gap, the MPR is high as edge 1RB+1RB case. This unreasonable case can be solved by the second inner/outer RB allocation definition. It is worth noting that the contiguous allocations which have more RBs than the largest possible inner allcation are also defined as outer allocations. The extreme case would be full RB allocation. For these contiguous outer RB allocations, the RB positions can be calculated as below:
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Fig 1. Largest inner allocation for option 2
2*FstartALL1-FstopALL2=FstartALL1-RBstart1*12*SCS1 And

2*FstopALL2-FstartALL1= FstopALL2+(RBtot2-RBstop2)*12*SCS2
It means when the contiguous RB allocation span> RBstart1*12*SCS1= (RBtot2-RBstop2)*12*SCS2, it is the contiguous outer RB allocations. Therefore, for contiguous RB allocations, RBstart,low=max(1,NRB_alloc), RBStart,High = NRB,agg – RBStart,Low –NRB_alloc, Inner RB allocation for contiguous RB allocation is: RBStart,Low ≤ RBStart ≤ RBStart,High, NRB_alloc≤Floor(1/3NRB,agg). The comparison on inner allocation for contiguous RBs between option 1 and option 2can be seen in Fig 2. In[2], there is no statement for the case that RB allocation only on one CC, but we use the basic rule to classify this case.
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Fig 2. Comparison on inner allocation for contiguous RBs between 2 CCs
Observation 1: For contiguous RB allocations, the comparison on inner RB allocation between two options can be found in Fig 2.
Proposal 1: RAN4 define inner RB allocation with option2 for contiguous RB allocation. It can be described in equation:
RBstart,low=max(1,NRB_alloc), RBStart,High = NRB,agg – RBStart,Low –NRB_alloc

Inner RB allocation for contiguous RB allocation is: RBStart,Low ≤ RBStart ≤ RBStart,High, NRB_alloc≤Floor(1/3NRB,agg)

For non-contiguous RB allocation across 2CC, we prefer the principle in [2]. However, the outer RB allocation definition can be classified further depending on the IMD3 and IMD5 positions. It is worth noting that the IMD3, IMD5 classification is already used in TS 36.101, where IM5 = max( | FC_agg  – (3*Fagg_alloc_low – 2*Fagg_alloc_high) |,  | FC_agg  – (3*Fagg_alloc_high – 2*Fagg_alloc_low) | ) and MPR = CEIL { min(MA, MIM5), 0.5}. 

Therefore, based on the principle in [2] : Outer allocation has at least 1 IMD3 falling in the adjacent aggregated BW, the outer RB allocation can be classified into :
Outer allocation Region 1 : there is IM5 falls in the -30dBm/MHz SE range, and IM3 falls in the -13dBm SEM range
Outer allocation Region 2 : other outer allocations
For outer allocation Region 1, the equation can be deduced as :
2*FstartALL1-FstopALL2< FstartALL1-RBstart1*12*SCS1 And

2*FstopALL2-FstartALL1> FstopALL2+(RBtot2-RBstop2)*12*SCS2 And

3*FstartALL1-2*FstopALL2> FstartALL1-RBstart1*12*SCS1-(BWchannel_CA+5) and 3*FstopALL2-2*FstartALL1< FstopALL2+(RBtot2-RBstop2)*12*SCS2+ BWchannel_CA+5
Then we can get:

FstopALL2-FstartALL1> RBstart1*12*SCS1 And FstopALL2-FstartALL1>(RBtot2-RBstop2)*12*SCS2 And

2*(FstopALL2-FstartALL1)< RBstart1*12*SCS1+ BWchannel_CA+5  And 2*(FstopALL2-FstartALL1)< (RBtot2-RBstop2)*12*SCS2+ BWchannel_CA+5
Proposal 2: for non-contiguous allocations across 2 CC, the outer RB allocation can be further classified into:
Outer allocation Region 1 : there is IM5 falls in the -30dBm/MHz SE range, and IM3 falls in the -13dBm SEM range

Outer allocation Region 2 : other outer allocations
The equation for outer allocation Region 1 is :

FstopALL2-FstartALL1> RBstart1*12*SCS1 And FstopALL2-FstartALL1>(RBtot2-RBstop2)*12*SCS2 And

2*(FstopALL2-FstartALL1)< RBstart1*12*SCS1+ BWchannel_CA+5  And 2*(FstopALL2-FstartALL1)< (RBtot2-RBstop2)*12*SCS2+ BWchannel_CA+5
2.2 PA configuration
In RAN4#92 meeting, the MPR simulation assumption was agreed as single transmit path. While in the last meeting, there is also proposal that to assume 1PA for aggregated bandwidth≤100MHz, 2PA for aggregated bandwidth>100MHz. It actually depends on implementation, both PA configuration have its merit and demerit. For large aggregated bandwidth, 1PA architecture has risk on linearity performance and the memory effect makes it even worse. While 2PA architecture requires for more cost and size, it may have impact for UE to support MIMO. Considering we already have the agreement on simulation assumption and Rel-16 intra-band UL CA are limited in 2CC, 1PA assumption for all intra-band contiguous UL CA is proposed.
Observation 2: 1PA assumption for all intra-band contiguous UL CA configurations can be used.
2.3 Proposed MPR for intra-band UL contiguous CA
Based on simulation assumption in [3], the simulation is focused on 100M+60M case, with same 30kHz SCS between the 2CC: 
	CC cofig
	Allocation type
	CP-OFDM
	DFT-s-OFDM

	60M+100M
	allocation
	type
	CC1 Position
	CC2 Position
	MPR(dB)
	CC1 Position
	CC2 Position
	MPR

	
	contiguous
	Inner
	1RB161
	1RB0
	0.5
	1RB161
	1RB0
	0.5

	
	contiguous
	inner
	30RB131
	30RB0
	2
	30RB131
	30RB0
	1

	
	contiguous
	inner
	17RB144
	122RB0
	3
	15RB146
	120RB0
	2.5

	
	contiguous
	outer
	18RB143
	123RB0
	3.5
	18RB143
	125RB0
	2

	
	contiguous
	outer
	90RB72
	90RB0
	4.5
	90RB72
	90RB0
	2.5

	
	contiguous
	Outer full
	162RB0
	273RB0
	7.5
	162RB0
	270RB0
	6

	
	Non-cont
	inner
	1RB160
	1RB1
	1
	1RB160
	1RB1
	1

	
	Non-cont
	inner
	30RB126
	30RB5
	2.5
	30RB126
	30RB5
	2

	
	Non-cont
	inner
	5RB144
	100RB22
	4.5
	5RB144
	100RB22
	3

	
	Non-cont
	outer1
	20RB141
	20RB252
	5
	20RB141
	20RB252
	4

	
	Non-cont
	outer1
	40RB90
	20RB252
	6
	40RB90
	20RB252
	5.5

	
	Non-cont
	outer1
	1RB0
	1RB271
	9
	1RB0
	1RB271
	8

	
	Non-cont
	outer2
	17RB120
	20RB102
	4.5
	15RB120
	20RB102
	4

	
	Non-cont
	outer2
	17RB90
	80RB102
	8
	15RB90
	80RB102
	6


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 form

	Modulation
	MPR

	
	inner
	outer

	DFT-s-OFDM
	Pi/2 BPSK
	TBD
	TBD

	
	QPSK
	0.5
	1

	
	16QAM
	2
	3

	
	64QAM
	3.5
	4.5

	
	256QAM
	5
	6

	CP-OFDM
	QPSK
	2.5
	3.5

	
	16QAM
	3
	4

	
	64QAM
	5.5
	5.5

	
	256QAM
	7
	7.5


Table 2 Non-Contiguous allocation MPR form
	Modulation
	MPR

	
	inner
	Outer1
	Outer2

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

	
	QPSK
	4.5
	6.5
	5.5

	
	16QAM
	
	
	

	
	64QAM
	
	
	

	
	256QAM
	5.5
	8
	6

	CP-OFDM
	QPSK
	6.5
	7
	5

	
	16QAM
	
	7
	6

	
	64QAM
	
	8
	6

	
	256QAM
	7.5
	9
	8


Proposal 3: intra-band contiguous UL CA MPR framework shall be defined as the form of Table 1 and Table 2 for contiguous RB allocation and non-contiguous RB allocation respectively.
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:
Observation 1: For contiguous RB allocations, the comparison on inner RB allocation between two options can be found in Fig 2.

Proposal 1: RAN4 define inner RB allocation with option2 for contiguous RB allocation. It can be described in equation:

RBstart,low=max(1,NRB_alloc), RBStart,High = NRB,agg – RBStart,Low –NRB_alloc

Inner RB allocation for contiguous RB allocation is: RBStart,Low ≤ RBStart ≤ RBStart,High, NRB_alloc≤Floor(1/3NRB,agg)
Observation 2: 1PA assumption for all intra-band contiguous UL CA configurations can be used.
Proposal 2: for non-contiguous allocations across 2 CC, the outer RB allocation can be further classified into:

Outer allocation Region 1 : there is IM5 falls in the -30dBm/MHz SE range, and IM3 falls in the -13dBm SEM range

Outer allocation Region 2 : other outer allocations
The equation for outer allocation Region 1 is :

FstopALL2-FstartALL1> RBstart1*12*SCS1 And FstopALL2-FstartALL1>(RBtot2-RBstop2)*12*SCS2 And

2*(FstopALL2-FstartALL1)< RBstart1*12*SCS1+ BWchannel_CA+5  And 2*(FstopALL2-FstartALL1)< (RBtot2-RBstop2)*12*SCS2+ BWchannel_CA+5
Proposal 3: intra-band contiguous UL CA MPR framework shall be defined as the form of Table 1 and Table 2 for contiguous RB allocation and non-contiguous RB allocation respectively.
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