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Introduction
In RAN4#93 meeting, a number of contributions [1-4] addressed back-off measurements for NR intra-band UL CA, definition of measurement bandwidths and allocation types. A way forward [5] summarized the key aspects to further align and required analysis. In this contribution, we provide generic definition of all the different allocation types. Another contribution [6] in this meeting is addressing the measurement bandwidths. Moreover, measurements results using allocation definition in this paper are given in [7] together with a proposed MPR table. Although this contribution focusses on UL CA the definitions are also applicable to ENDC.
Discussion
Allocation Types
At high level the following definitions are of interest for intra-band contiguous UL CA since the SEM and ACLR requirements are applied in a similar manner to a single CC:
· Contiguous allocation: minimum guard band between the two allocations => RBend of lower channel is SU1-1 AND RBstart of higher channel is 0.
· Inner allocation: based on single CC inner allocation triangle (inner half) which has highest possible aggregated allocation of (SU1+SU2)/2
· Outer allocation: any allocation with aggregated allocation >(SU1+SU2)/2
· Non-contiguous allocation: the space between the two allocations is > minimum guard band => RBend of lower channel is <SU1-1 OR RBstart of higher channel is >0.
· Inner allocation: allocations such that the IMD3 products are contained within the aggregated channel bandwidth. These allocation can be defined in terms of RBstart of lower channel and RBend of the higher channel regardless of the number of RBs in each channels (see [7])
· Outer allocation: any allocation that is not an inner allocation
Inner and Outer Contiguous Allocations
A simple way to represent the inner/outer contiguous allocations is found in Figure 1 for a 20+10 MHz case and Figure 2 for a 20+20 MHz case. 30 kHz SCS is used to allow better readability.

The top axis is the RBstart position in the lower channel:
· For contiguous case, the number of RB in CC1 is available in the second row below and is a single value since it is from RBstart to the top of the channel
The left axis is the RBend position in the upper channel:
· For contiguous case, the number of RB in CC2 is available in the second column right and is a single value since it is from 0 to RBend
For contiguous case there is only one possible combination per box

This is enough to define the inner/outer regions:
· For contiguous case, there is only one possible combination per box while 
· dark green regions is the contiguous inner cases
· The grey region is the contiguous outer cases
· The inner region covers about 1/4th of the possible contiguous allocations for asymmetric case and about 1/3rd for the symmetric case.
· The largest inner total allocation is (SU1+SU2)/2
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Figure 1: Representation of contiguous inner/outer combinations for the 20+10MHz 30 kHz case
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Figure 2: Representation of contiguous inner/outer combinations for the 20+20MHz 30 kHz case
Proposal 1 on contiguous inner/outer allocation equations:
Contiguous allocation definition:
With:
· CC1 being the lowest frequency channel
· SU1 being the maximum CP-OFDM RB length at the used SCS (SCS1 or mu1)
· RBe1 the end position of CC1 allocation
· RBs2 the start position of CC2 allocation
Contiguous allocation can be defined as: RBe1= SU1-1 AND RBs2 = 0
Contiguous inner allocation definition:
It is based on inner definition for single CC but accounts for different SCS
With:
· CC1 being the lowest frequency channel
· SU1 and SU2 being the maximum CP-OFDM RB length at the used SCS for CC1 and CC2 respectively
· mu1 and mu2 being the SCS order used in CC1 and CC2 respectively (SCS=0.015*2^mu)
· LCRB1 and LCRB2 being the allocation length in CC1 and CC2 respectively
· RBs1 the start position of CC1 allocation
· BWCA being the CA bandwidth including the total allocations, associated guard-band and channel spacing as derived in [6]
The single CC inner equations can be rewritten in the following way:
RBs1*2^mu1 ≥ max(1,floor((LCRB1*2^mu1+LCRB2*2^mu2)/2))
AND
RBs1*2^mu1 ≤ (SU1-LCRB1)*2^mu1+(SU2-LCRB2)*2^mu2-max(1,floor((LCRB1*2^mu1+LCRB2*2^mu2)/2))

Any other allocation is an outer allocation.
Inner and Outer Non-contiguous Allocations
A simple way to represent inner and outer non-contiguous allocation types is found in Figure 3 for the 20+10 MHz case and Figure 4 for the 20+20 MHz case. 30 kHz SCS is used to allow better readability.

The top axis is the RBstart position in the lower channel:
· For non-contiguous case, the number of RB in CC1 is from 1 to the number in the second row minus 1RB (for non-contiguous case RBend must be < SU-1)
The left axis is the RBend position in the upper channel:
· For non-contiguous case, the number of RB in CC2 is from 1 to the number in the second row minus 1RB (for non-contiguous case RBstart must >0)
For non-contiguous cases, there are multiple combinations per box (1+1,1+2….1+X,….Y+1, Y+2,…,Y+X)

This is enough to define the different regions:
· For non-contiguous cases, there are multiple combinations per box (1+1,1+2….1+X,….Y+1, Y+2,…,Y+X), the number in each inner box is the total number of possible cases
· The light green regions is the non-contiguous inner cases
· The grey is the non-contiguous outer cases
· The inner region is smaller than for the contiguous case as it is based on a 1/3rd region rather than 1/2.
· The largest inner total allocation is less than (SU1+SU2)/3

[image: ]
Figure 3: Representation of non-contiguous inner and outer combinations for the 20+10 MHz case
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Figure 4: Representation of non-contiguous inner and outer combinations for the 20+20 MHz case
Proposal 2 on non-contiguous inner/outer allocation equations:
Non-contiguous allocation definition:
With:
· CC1 being the lowest frequency channel
· SU1 being the maximum CP-OFDM RB length at the used SCS (SCS1 or mu1)
· RBe1 the end position of CC1 allocation
· [bookmark: _GoBack]RBs2 the start position of CC2 allocation
Contiguous allocation can be defined as: RBe1 < SU1-1 AND RBs2 > 0
Contiguous inner allocation definition:
It is based on IMD3 products being contained within the CA bandwidth and is thus only depending on RBstart of the lower channel and RBend of the higher channel.
With:
· CC1 being the lowest frequency channel
· SU1 and SU2 being the maximum CP-OFDM RB length at the used SCS for CC1 and CC2 respectively
· mu1 and mu2 being the SCS order used in CC1 and CC2 respectively (SCS=0.015*2^mu)
· LCRB1 and LCRB2 being the allocation length in CC1 and CC2 respectively
· RBs1 the start position of CC1 allocation
· RBe2 the end position of CC2 allocation
· BWCA being the CA bandwidth including the total allocations, associated guard-band and channel spacing as derived in [6]
The single CC inner equations can be rewritten in the following way:
(2*RBs1-SU1/2)*2^mu1+(SU2/2-(RBe2+1))*2^m2 ≥ BWCA/0.36
AND                    
(RBs1-SU1/2)*2^mu1+3/2*(3/2*SU2-2*(RBe2+1))*2^mu2 ≥ BWCA/0.36

Any other allocation is an outer allocation
Applicability to Intra-band Contiguous ENDC
Since the intra-band contiguous UL ENDC combinations have exactly the same principle as for intra-band contiguous UL CA in the fact that the ACLR and SEM are based on the aggregated bandwidth, the same definitions are applicable to ENDC with CABW being replaced by the ENDC bandwidth and LTE CC SU and SCS being fixed.

Furthermore:
· for contiguous inner allocation with OOB spectrum are only large allocations
· for non-contiguous inner allocations only IMD5 and above are OOB
· thus these definitions are relevant to NS04 and NS27 as it can be seen from our measurements in [7]

Although compared to ULCA where equal PSD assumption can be used for power split, for ENDC, different power split should be studied to derive the back-off for the different allocation types.

Proposal 3 on ENDC applicability:
· Contiguous/noncontiguous inner/allocation types should be studied to optimize intra-band contiguous ENDC MPR/AMPR
· Same definition than for UL CA applies when using the ENDC bandwidth definition and LTE parameters for one of the CC
Conclusions
In this contribution, we present the formal equations to define the different types of intra-band contiguous UL CA allocations. The following definitions are proposed.
Proposal 1 on contiguous inner/outer allocation equations:
Contiguous allocation is defined as: RBe1= SU1-1 AND RBs2 = 0
Contiguous inner equations is defined as: RBs1*2^mu1 ≥ max(1,floor((LCRB1*2^mu1+LCRB2*2^mu2)/2))
AND
RBs1*2^mu1 ≤ (SU1-LCRB1)*2^mu1+(SU2-LCRB2)*2^mu2-max(1,floor((LCRB1*2^mu1+LCRB2*2^mu2)/2))
Any other allocation is an outer allocation.
Proposal 2 on non-contiguous inner/outer allocation equations:
Contiguous allocation is defined as: RBe1 < SU1-1 AND RBs2 > 0
Non-contiguous inner equations is defined as: (2*RBs1-SU1/2)*2^mu1+(SU2/2-(RBe2+1))*2^m2 ≥ BWCA/0.36
AND                    
(RBs1-SU1/2)*2^mu1+3/2*(3/2*SU2-2*(RBe2+1))*2^mu2 ≥ BWCA/0.36
Any other allocation is an outer allocation.
Proposal 3 on ENDC applicability:
· Contiguous/noncontiguous inner/allocation types should be studied to optimize intra-band contiguous ENDC MPR/AMPR
· Same definition than for UL CA applies when using the ENDC bandwidth definition and LTE parameters for one of the CC
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Annexes: Detailed equation development
Contiguous inner/outer allocation equations
based on single CC inner equation:
nRBs_CA		≥	max(1,floor(nLCRB_CA/2)
RBs1*2^mu1		≥	max(1,floor((LCRB1*2^mu1+LCRB2*2^mu2)/2)
		AND	
nRBs_CA		≤	nSU_CA-max(1,floor(nLCRB_CA/2)-nLCRB_CA
RBs1*2^mu1		≤	SU1*2^mu1+SU2*2^mu2-max(1,floor((LCRB1*2^mu1+LCRB2*2^mu2)/2)-LCRB1*2^mu1-LCRB2*2^mu2
RBs1*2^mu1		≤	(SU1-LCRB1)*2^mu1+(SU2-LCRB2)*2^mu2-max(1,floor((LCRB1*2^mu1+LCRB2*2^mu2)/2)
Non-contiguous inner/outer allocation equations
	Based in IMD3 within channel 
FIMD3LL		=	2*Fs1-Fe2
FIMD3HH	=	2*Fe2-Fs1
	Fs1		=	F1-(SU1/2-RBs1)*12*SCS1
	Fe2		=	F1+BW1/2+BW2/2-(SU2/2-RBs2-LCRB2)*12*SCS2
	Fe2-Fs1		=	(BW1+BW2)/2-(SU2/2-RBs2-LCRB2)*12*SCS2+(SU1/2-RBs1)*12*SCS1
	Condition for IMD3 all contained within possible RB allocation (generic case contiguous CCs)			
	Fe2-Fs1		≤	Min(RBs1*12*SCS1, (SU2-RBs2-LCRB2)*12*SCS2)
										<=>	
RBs1*12*SCS1			≥	(BW1+BW2)/2-(SU2/2-RBs2-LCRB2)*12*SCS2+(SU1/2-RBs1)*12*SCS1
(BW1+BW2)/2			≤	RBs1*12*SCS1+(SU2/2-RBs2-LCRB2)*12*SCS2+(RBs1-SU1/2)*12*SCS1
(BW1+BW2)/24			≤	(2*RBs1-SU1/2)*SCS1+(SU2/2-RBs2-LCRB2)*SCS2
(BW1+BW2)/24			≤	(2*RBs1-SU1/2)*0.015*2^mu1+(SU2/2-RBs2-LCRB2)*0.015*2^m2
(BW1+BW2)/0.36		≤	(2*RBs1-SU1/2)*2^mu1+(SU2/2-RBs2-LCRB2)*2^m2
CABW/0.36		≤	(2*RBs1-SU1/2)*2^mu1+(SU2/2-(RBe2+1))*2^m2
										AND	
(SU2-RBs2-LCRB2)*12*SCS2			≥	(BW1+BW2)/2-(SU2/2-RBs2-LCRB2)*12*SCS2+(SU1/2-RBs1)*12*SCS1
(BW1+BW2)/2		≤	(SU2-RBs2-LCRB2)*12*SCS2+(SU2/2-RBs2-LCRB2)*12*SCS2+(RBs1-SU1/2)*12*SCS1
(BW1+BW2)/24			≤	(RBs1-SU1/2)*SCS1+3/2*(3/2*SU2-2*RBs2-2*LCRB2)*SCS2
(BW1+BW2)/0.36			≤	(RBs1-SU1/2)*2^mu1+3/2*(3/2*SU2-2*(RBs2+LCRB2))*2^mu2
CABW/0.36			≤	(RBs1-SU1/2)*2^mu1+3/2*(3/2*SU2-2*(RBe2+1))*2^mu2
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