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1 Introduction
During RAN4 #93 meeting, WF[1] was approved which captured different ways defining RB allocation for intra-band UL CA. 
	· PA configuration assumption : 

· Intra-band contiguous UL CA: 1 PA for aggregated channel bandwidth ≤200MHz.  

· FFS for >100MHz  if 1PA with need additional MPR  

· Intra-band non-contiguous UL CA: depends on the largest gap between 2CC and aggregated CC BW , FFS

· Inner and outer RB allocation for intra-band UL contiguous CA
· For contiguous RB allocations: 
· [Aggregated channel bandwidth≤100MHz]: Inner RB allocation is defined according to 1CC inner and be up to Floor(1/2NRB,agg) 
· [Aggregated channel bandwidth>100MHz]:  
· for RBstart,low=max(1,NRB_alloc), RBStart,High = NRB,agg – RBStart,Low –NRB_alloc 
   Inner RB allocation is defined as RBStart,Low ≤ RBStart ≤ RBStart,High, and NRB_alloc≤Floor[(1/3NRB,agg) ]
· The above equations assumes the same SCS between CCs, further work needs for different SCS 
· For non-contiguous RB allocations:
· Inner/outer defined in terms of where IMD3 falls
· Inner allocations are such that IMD3 fall within the 2 CC aggregated channel BW
· Outer allocation has at least 1 IMD3 falling in the adjacent aggregated channel BW, it can be further classified into:
· Outer allocation 1: there is at least 1 IM5 falls in the -30dBm/MHz SE range, and IM3 falls in the -13dBm SEM range,  Outer allocation 2: other outer allocation cases
· Can group outer 1 and outer 2 to simplify: depends on the simulation/measurement results 
· Other methods are not excluded


This paper provides analysis on FR1 MPR requirement for intra-band UL CA. 
2 Discussion
2.1 Inner/outer RB allocation definition for contiguous UL CA
2.1.1 Contiguous RB allocation
· In the last meeting, we already have the general principle on inner/outer RB allocation definition:
· [Aggregated channel bandwidth≤100MHz]: Inner RB allocation is defined according to 1CC inner and be up to Floor(1/2NRB,agg) 
· [Aggregated channel bandwidth>100MHz]:  for RBstart,low=max(1,NRB_alloc), RBStart,High = NRB,agg – RBStart,Low –NRB_alloc 
   Inner RB allocation is defined as RBStart,Low ≤ RBStart ≤ RBStart,High, and NRB_alloc≤Floor[(1/3NRB,agg) ], this equation only based on the same SCS between CCs
Considering different SCS across CCs, we further extend the equations.

· For Aggregated channel bandwidth>100MHz, the inner allocation can be defined as below:
For RBstart,low=max(1,NRB_alloc), RBStart,High = NRB,agg – RBStart,Low –NRB_alloc 
Inner RB allocation is defined as RBStart,Low ≤ RBStart ≤ RBStart,High, and NRB_alloc≤Floor[(1/3NRB,agg) ]
Where NRB_alloc=LCRB1 + LCRB2*(SCS2/SCS1), in which SCS2 ≥ SCS1
NRB,agg=NRB1+NRB2*(SCS2/SCS1), in which SCS2 ≥ SCS1
SCS1 and SCS2 are the SCS for CC1 and CC2 respectively

· For Aggregated channel bandwidth ≤ 100MHz, the inner allocation can be defined as below:
For RBStart,Low = max(1, floor(NRB_alloc /2)),  RBStart,High = NRB – RBStart,Low – LCRB, 

Inner RB allocation is defined as RBStart,Low  ≤  RBStart  ≤  RBStart,High, LCRB ≤ ceil(NRB,agg /2)

Where NRB_alloc=LCRB1 + LCRB2*(SCS2/SCS1), in which SCS2 ≥ SCS1

NRB,agg=NRB1+NRB2*(SCS2/SCS1), in which SCS2 ≥ SCS1
SCS1 and SCS2 are the SCS for CC1 and CC2 respectively

Proposal 1: for intra-band UL contiguous CA with contiguous RB allocation, inner/outer RB allocation is defined as in 2.2.1
2.1.2 Non-contiguous RB allocation
For non-contiguous UL CA, it is agreed that inner/outer defined in terms of where IMD3 falls.
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Fig 1. Largest inner allocation 
· Inner allocations are such that IMD3 fall within the 2CC aggregated channel BW, the equation for largest inner allocation can be expressed as:

2*FstartALL1-FstopALL2 = FstartALL1-RBstart1*12*SCS1 (1)   And

2*FstopALL2-FstartALL1= FstopALL2+(RBtot2-RBstop2)*12*SCS2  (2)
From (1) we can get  FstopALL2- FstartALL1= RBstart1*12*SCS1

From (2) we can get   FstopALL2- FstartALL1= (RBtot2-RBstop2)*12*SCS2

It means that  FstopALL2- FstartALL1= RBstart1*12*SCS1=(RBtot2-RBstop2)*12*SCS2

Then the equation can simply summarized as:

For RBstart,low=max(1,NRB_alloc), RBStart,High = NRB,agg – RBStart,Low –NRB_alloc 
Inner RB allocation is defined as RBStart,Low ≤ RBStart ≤ RBStart,High, and NRB_alloc≤Floor[(1/3NRB,agg) ]
Where NRB_alloc=LCRB1 + LCRB2*(SCS2/SCS1)+∆fc,gap/SCS1, in which SCS2 ≥ SCS1

NRB,agg=NRB1+NRB2*(SCS2/SCS1), in which SCS2 ≥ SCS1

SCS1 and SCS2 are the SCS for CC1 and CC2 respectively
∆fc,gap is the frequency gap between the RB allocations on each CC
· Outer allocation has at least 1 IMD3 falling in the adjacent aggregated channel BW
2*FstartALL1-FstopALL2< FstartALL1-RBstart1*12*SCS1 And

2*FstopALL2-FstartALL1> FstopALL2+(RBtot2-RBstop2)*12*SCS2
Proposal 2: for intra-band UL contiguous CA with non-contiguous RB allocation, inner/outer RB allocation is defined as in 2.2.2
2.2 Proposed MPR for intra-band UL contiguous CA
2.2.1 Simulation assumption

Channel bandwidth: 100MHz+100MHz
SCS: 30kHz+30kHz

PA configuration: 1 PA

Other issues follow agreements in [2]

2.2.2 Simulation results 
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 >100MHz
	Modulation
	MPR

	
	inner
	outer

	DFT-s-OFDM
	Pi/2 BPSK
	TBD
	TBD

	
	QPSK
	1
	2

	
	16QAM
	2
	3

	
	64QAM
	3.5
	4.5  

	
	256QAM
	6
	6.5   

	CP-OFDM
	QPSK
	3.5
	4  

	
	16QAM
	3.5
	4    

	
	64QAM
	5.5
	5.5  

	
	256QAM
	7
	8    


Table 2 Non-Contiguous allocation MPR >100MHz
	Modulation
	MPR

	
	inner
	Outer
	

	DFT-s-OFDM
	Pi/2 BPSK
	TBD
	TBD
	

	
	QPSK
	8
	14
	

	
	16QAM
	
	
	

	
	64QAM
	
	
	

	
	256QAM
	9
	15
	

	CP-OFDM
	QPSK
	9
	14
	

	
	16QAM
	
	
	

	
	64QAM
	
	
	

	
	256QAM
	10
	15
	


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 2.2.1
Proposal 2: for intra-band UL contiguous CA with non-contiguous RB allocation, inner/outer RB allocation is defined as in 2.2.2
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