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Introduction
In RAN4#94-Bis e-meeting, a number of Way Forwards [1, 2] provided further agreements and options for allocation definition and the required analysis. In this contribution we provide generalized allocations parameters and inner outer allocation definitions for contiguous and non-contiguous allocations.
Discussion
As a follow up on agreements captured in [1, 2] and the corresponding thread summary [3] on definitions for contiguous and non-contiguous inner and outer allocations for class B and C UL CA, we propose here unified contiguous CA allocation parameters and derived inner outer equations for all the cases.
Unified intra-band Contiguous UL CA Allocation Parameters
Based on [1] and nominal channel spacing from TS38.101-1, BWChannel_CA is defined as follows:

BWchannel_CA= Nominal channel space+ Foffset,low + Foffset,high

With Foffset,low  and Foffset,high defined as seen below using SCR, NRB and BWGB defined for µ0, the largest common value used for the nominal channel spacing definition:
Foffset,low = (NRB,low*12 + 1)*SCSlow/2 + BWGB (MHz)
Foffset,high = (NRB,high*12 - 1)*SCShigh/2 + BWGB (MHz)
BWGB = max(BWGB,Channel(k))

By convention, carrier 1 is positioned at the lowest frequency. Since the inner and outer allocation definition depends only on the position of the lowest edge of the allocation in carrier 1 (by convention positioned at the lowest frequency) and the highest edge of the allocation in carrier 2, an equivalent 15 kHz contiguous intra-band CA allocation can be defined based on each carriers parameters which can be found in Table 1.

Table 1: single carrier and contiguous CA parameters
	Parameter
	Carrier 1
	Carrier 2
	Class B and C CA

	Channel bandwidth [MHz]
	BWChannel_1
	BWChannel_2
	BWChannel_CA

	Sub-carrier spacing order
	µ1
	µ2
	0

	Largest possible allocation
	NRB1
	NRB2
	NRB_CA

	RB allocation length
	LCRB1
	LCRB2
	LCRB_CA

	RB allocation start position
	RBStart1
	RBStart2
	RBStart_CA



On top of the CA bandwidth definition, especially for the non-contiguous allocation types, we also need to account for the actual guard bands and the gap between the two carriers with regard to BWChannel_CA and when using NRB1 and NRB2 configurations. This results in the following bandwidth definitions in MHz:
· Guard band between lower edge of carrier 1 possible allocation NRB1 and lower edge of BWChannel_CA: BWGB1,low
· Guard band between upper edge of carrier 2 possible allocation NRB2 and upper edge of BWChannel_CA: BWGB2,high
· Guard band between upper edge of carrier 1 possible allocation NRB1 and lower edge of carrier 2 possible allocation NRB2: BWgap

Definition of contiguous intra-band CA allocation parameters:

NRB_CA = NRB1 ∙ 2^µ1 + NRB2 ∙ 2^µ2
LCRB_CA = (NRB1 - RBStart1)∙ 2^µ1 + (RBStart2 + LCRB2 ) ∙ 2^µ2
If LCRB1 > 0, RBStart_CA = RBStart1 ∙ 2^µ1
Else RBStart_CA = NRB1 ∙ 2^µ1 + RBStart2∙ 2^µ2

Proposal 1: The contiguous intra-band CA allocation parameters are defined in the above equations.
Contiguous Allocation Definition
Contiguous allocations are such that there is a minimum gap between the allocations in lower and upper carrier at a given channel spacing and thus meet the following criteria:

RBStart1 + LCRB1 = NRB1, and RBStart2 = 0 (A)

For contiguous allocation, the same Inner and Outer principles that have been introduced for single carrier are used by applying the same criteria to the CA allocation parameters. 

A contiguous intra-band CA RB allocation is a contiguous Inner RB allocation if the following conditions are met:

RBStart,Low = max(1, floor(LCRB_CA/2))
RBStart,High = NRB_CA – RBStart,Low – LCRB_CA
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High, and
LCRB_CA  ≤  ceil(NRB_CA/2)

A contiguous intra-band CA RB allocation is a contiguous Outer RB allocation for all other allocations which are not an Inner RB allocation and still meets the contiguous allocation criteria.

Proposal 2: The contiguous Inner and Outer allocations definitions in this chapter are adopted for class B and class C UL CA. 

Non-contiguous Allocation Definition
Non-contiguous allocations are such that the gap between the allocations in lower and upper carrier is larger than the minimum at a given channel spacing and thus meet the following criteria:

RBStart1 + LCRB1 < NRB1, or RBStart2 > 0 (B)

For non-contiguous allocation, new criteria has been developed to define inner and outer allocations based on the position of the third and fifth order intermodulation products generated from the separate allocations in carrier 1 and carrier 2:
· Non-contiguous Inner allocations are such that their third order intermodulation product falls with the allocated aggregated bandwidth BWChannel_CA, in that condition, the fifth order intermodulation product falls with the BWChannel_CA ranges immediately adjacent to the allocated aggregated bandwidth (worst case MPR is for IMD5 meeting -13dBm/MHz)
· Non-contiguous Outer1 allocations are such that their third and fifth order intermodulation products falls with the BWChannel_CA ranges immediately adjacent to the allocated aggregated bandwidth (worst case MPR is for IMD3 meeting -13dBm/MHz)
· Non-contiguous Outer2 allocations are allocations that are not Inner or Outer1 allocations and still meets the non-contiguous allocation criteria (B). In this case IMD5 falls more than BWChannel_CA away from the allocated aggregated bandwidth and IMD3 falls with the BWChannel_CA ranges immediately adjacent to the allocated aggregated bandwidth. (worst case MPR is for IMD5 meeting -30dBm/MHz)

It can be demonstrated that the different criteria only depends on the position of lowest edge of the allocation in carrier 1 and the highest edge of the allocation in carrier 1 (RBStart1 and RBStart2 + LCRB1) and thus on the position of RBStart_CA and RBStart_CA + LCRB_CA. To be exact in defining the criteria and avoid corner cases, BWgap and BWGB1,low need to be accounted for.

A contiguous intra-band CA RB allocation is a non-contiguous Inner RB allocation if the following conditions are met:

RBStart,Low = max(1,floor(LCRB_CA + (BWgap – BWGB1,low)/0.18))
RBStart,High = floor((BWChannel_CA – 2 ∙ BWgap – BWGB1,low)/0.18 – 2 ∙ LCRB_CA)
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High, and
LCRB_CA  ≤  ceil((BWChannel_CA – 3 ∙ BWgap )/0.54)
 
A contiguous intra-band CA RB allocation is a non-contiguous Outer1 RB allocation if it is not an Inner allocation and the following conditions are met:

RBStart,Low = max(1,floor(2 ∙ LCRB_CA – (BWgap – 2 ∙ BWgap + BWGB1,low)/0.18))
RBStart,High = floor((2 ∙ BWChannel_CA – 3 ∙ BWgap – BWGB2,high)/0.18 – 3 ∙ LCRB_CA)
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High, and
LCRB_CA  ≤  ceil((3 ∙ BWChannel_CA – 5 ∙ BWgap )/0.9)

A contiguous intra-band CA RB allocation is a non-contiguous Outer2 RB allocation for all other allocations which are not an Inner or Outer1 RB allocation and still meets the non-contiguous allocation criteria (B).

Proposal 3: The non-contiguous Inner, Outer1 and Outer2 allocations definitions in this chapter are adopted for class B and class C UL CA. 
Examples for Some Channel Configurations
We provide in Table 2, the corner cases (smallest and largest) for different types of allocations for the class B and C channel configurations agreed in [2]:
· 20+20MHz and 50+50MHz (both 15kHz SCS) for class B
· 60+100MHz and 100+100MHz (both 30kHz SCS) for class C
Table 2: Corner allocation cases for some channel configurations of class B and C UL CA
	
	Class B UL CA
	Class C UL CA

	
	20M_15k+20M_15k
	50M_15k+50M_15k
	60M_30k+100M_30k
	100M_30k+100M_30k

	max contiguous Inner RB
	106
	270
	432/2
	546/2

	largest lower
	053RB053+053RB000
	135RB135+135RB000
	054RB108+162RB000
	136RB137+136RB000

	largest higher
	 
	 
	051RB111+165RB000
	 

	mim lower
	070RB036+001RB000
	180RB090+001RB000
	107RB055+001RB000
	181RB092+001RB000

	min higher
	001RB105+070RB000
	001RB269+180RB000
	001RB161+181RB000
	001RB272+181RB000

	max contiguous Outer RB
	212
	540
	435
	546

	
	106RB000+106RB000
	270RB000+270RB00
	162RB000+273RB00
	273RB000+273RB00

	max non-contiguous Inner RB 
	67
	176
	284/2
	358/2

	largest lower
	001RB071+001RB032
	001RB181+001RB087
	001RB147+001RB127
	001RB109+001RB163

	largest higher
	001RB073+001RB034
	 
	 
	 

	mim lower
	001RB055+001RB000
	001RB138+001RB000
	001RB083+001RB000
	001RB000+001RB000

	min higher
	001RB105+001RB050
	001RB269+001RB131
	001RB161+001RB134
	001RB272+001RB272

	max non-contiguous Outer1 RB 
	127
	324
	522/2
	654/2

	largest lower
	001RB042+001RB063
	001RB107+001RB161
	001RB086+001RB185
	001RB109+001RB163

	largest higher
	 
	001RB108+001RB162
	001RB087+001RB186
	 

	mim lower
	001RB000+001RB000
	001RB000+001RB000
	001RB000+001RB056
	001RB000+001RB000

	min higher
	001RB105+001RB105
	001RB269+001RB269
	001RB161+001RB235
	001RB272+001RB272

	max non-contiguous Outer2 RB 
	001RB000+001RB105
	001RB000+001RB269
	001RB000+001RB272
	001RB000+001RB272



These corner cases at the edges of the different allocations types plus the cases immediately next to these edges have been used for measurements and reported in [4]
Conclusions
In this contribution, we provide the formal allocation type definitions for inner and outer for contiguous and non-contiguous allocation cases in contiguous intra-band UL CA.

Proposal 1: The contiguous intra-band CA allocation parameters are defined as in the equations below:
[bookmark: _GoBack]NRB_CA = NRB1 ∙ 2^µ1 + NRB2 ∙ 2^µ2
LCRB_CA = (NRB1 - RBStart1)∙ 2^µ1 + (RBStart2 + LCRB2 ) ∙ 2^µ2
If LCRB1 > 0, RBStart_CA = RBStart1 ∙ 2^µ1
Else RBStart_CA = NRB1 ∙ 2^µ1 + RBStart2∙ 2^µ2

Proposal 2: The contiguous Inner and Outer allocations definitions below are adopted for class B and class C UL CA: 
Contiguous allocations are such that there is a minimum gap between the allocations in lower and the upper carrier at a given channel spacing and thus meet the following criteria:
RBStart1 + LCRB1 = NRB1, and RBStart2 = 0 (A)
A contiguous intra-band CA RB allocation is a contiguous Inner RB allocation if the following conditions are met:
RBStart,Low = max(1, floor(LCRB_CA/2))
RBStart,High = NRB_CA – RBStart,Low – LCRB_CA
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High, and
LCRB_CA  ≤  ceil(NRB_CA/2)
A contiguous intra-band CA RB allocation is a contiguous Outer RB allocation for all other allocations which are not an Inner RB allocation and still meets the contiguous allocation criteria.

Proposal 3: The non-contiguous Inner, Outer1 and Outer2 allocations definitions in this chapter are adopted for class B and class C UL CA:
Non-contiguous allocations are such that the gap between the allocations in lower and upper carrier is larger than the minimum at a given channel spacing and thus meet the following criteria:
RBStart1 + LCRB1 < NRB1, or RBStart2 > 0 (B)
A contiguous intra-band CA RB allocation is a non-contiguous Inner RB allocation if the following conditions are met:
RBStart,Low = max(1,floor(LCRB_CA + (BWgap – BWGB1,low)/0.18))
RBStart,High = floor((BWChannel_CA – 2 ∙ BWgap – BWGB1,low)/0.18 – 2 ∙ LCRB_CA)
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High, and
LCRB_CA  ≤  ceil((BWChannel_CA – 3 ∙ BWgap )/0.54)
A contiguous intra-band CA RB allocation is a non-contiguous Outer1 RB allocation if it is not an Inner allocation and the following conditions are met:
RBStart,Low = max(1,floor(2 ∙ LCRB_CA – (BWgap – 2 ∙ BWgap + BWGB1,low)/0.18))
RBStart,High = floor((2 ∙ BWChannel_CA – 3 ∙ BWgap – BWGB2,high)/0.18 – 3 ∙ LCRB_CA)
RBStart,Low  ≤  RBStart_CA  ≤  RBStart,High, and
LCRB_CA  ≤  ceil((3 ∙ BWChannel_CA – 5 ∙ BWgap )/0.9)
A contiguous intra-band CA RB allocation is a non-contiguous Outer2 RB allocation for all other allocations which are not an Inner or Outer1 RB allocation and still meets the non-contiguous allocation criteria (B).
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