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Introduction
In RAN4#91, inner and outer allocations concept for 2UL was introduced and its implication on MPR/A-MPR and MSD test cases where discussed [1,2], it was agreed within the interested companies in the 2UL intra-band ad-hoc session that allocation based back-off optimization can be pursued within Release 16, also it was agreed that best case DC_(n)71 MSD test points (inner) would be tested without AMPR while the worst ones (outer) would be tested with AMPR. This contribution further discusses the applicability and definition of inner and outer allocation types for 2UL contiguous and non-contiguous scenarios.
Discussion
This discussion paper submitted under the most generic agenda item introduces concepts that are relevant for multiple 2UL scenarios and associated agenda items:
· NR intra-band contiguous and non-contiguous UL CA:
· 9.12.4 Intra-band contiguous UL CA for FR1 power class 3
· 9.12.5 Intra-band non-contiguous UL CA for FR1 power class 3
· Intra-band contiguous and non-contiguous ENDC 1PA/2PA PC3/PC2:
· 10.14.2 Improvements to A-MPR/MPR for 26 dBm n41 and B41/n41 EN-DC
· 10.17.1 General  [ENDC_UE_PC2_TDD_TDD]
· FDM UL sharing
· 7.4.1 UL sharing applicability in different scenarios
Observation: current 38.101-3 specification does not have MPR values for FDM mode ULSUP although the problem is similar to the ENDC case of DC_(n)71 in some bands. As is only SUL band with large enough duplex may not see de-sense but may still fail some emissions due to IMDs of the LTE and NR allocations in a same channel.
· Non-contiguous UL allocations:
· 9.12.1 Almost contiguous allocations for CP-OFDM UL for FR
The following proposal builds on the inner and outer allocation concept that has been adopted for NR FR1 and FR2 MPR which essentially depends on where the IM3 related spectral regrowth lies and which requirement applies to it:
· For FR1: 
· Inner (half) allocations have the majority of the IM3 related spectral regrowth inside the channel and thus are subject to EVM and In-band emissions requirements
· Outer allocations have the majority of the IM3 related spectral regrowth at the edge or in the adjacent channel and thus are subject to ACLR requirements
· For FR2: inner (third) have their IM3 related spectral regrowth within the channel thus allowing to pass occupied BW requirement at maximum power
Likewise for non-contiguous UL allocations, a concept of inner and outer allocations can be defined in relation of where its IMD product falls.
Although this contribution is focused on FR1, many of the inner/outer concepts are also applicable to FR2 single or dual UL CCs. Since in-band and out-of-band requirements are different the definition may be slightly altered and outcome in back-off difference between inner and outer may not be as large.
Inner and Outer 2UL Allocation for Single CC or Contiguous 2CC Cases
Description
The case of two non-contiguous UL allocations within 1CC or two contiguous CCs correspond to a large number of scenarios:
· Within 1CC: non-contiguous allocations beyond almost contiguous cases or FDM mode for ULSUP w
· Within 2CCs: NR intra band contiguous UL CA and ENDC
In this case large allocations are usually ACLR limited while small allocations (<RBmax/2) SEM or Spurious emissions limited. Within those small allocations, a distinction can be made based on IMD products positions:
· Allocations that have their IMD3 products within the channel or aggregated bandwidth: Inner
· Allocations that have their IMD3 products within the channel or aggregated bandwidth: Outer

Such allocations and the requirements applying to the different orders of there are described in Figure 1. 1a single CC and asymmetric two CC cases are illustrated.

[image: ]Figure 1: Inner and outer allocations for single or contiguous CCs
The different cases for NS01 (generic), NS04 (B41 in US) or NS27 (B78) requirements for inner and outer allocations is summarized in Table 1 taking exact frequencies into account.
Table 1: Applicable requirements for inner/outer allocations for NS01/04/25
	
	
	Best Case (no OOB)
	worst Case (OOB)

	
	
	WC Outer
	WC Inner
	WC Outer
	WC Inner

	NS
	IM
	region
	dBm/MHz
	region
	dBm/MHz
	region
	dBm/MHz
	region
	dBm/MHz

	01
	3
	Adj
	SEM -13
	InBand
	IBE
	NA

	
	5-9
	Spur
	-30
	Adj
	-13
	

	
	>9
	Spur
	-30
	Spur
	-30
	

	04
	3
	Adj
	SEM -13
	InBand
	IBE
	Spur
	-25
	InBand
	IBE

	
	5-9
	Spur
	-25
	Adj
	-13
	Spur
	-25
	Spur
	-25

	
	>9
	Spur
	-25
	Spur
	-25
	Spur
	-25
	Spur
	-25

	27
	3
	Adj
	SEM -13
	InBand
	IBE
	Spur
	-40
	InBand
	IBE

	
	5-9
	Spur
	-25
	Adj
	-13
	Spur
	-40
	Spur
	-40

	
	>9
	Spur
	-25
	Spur
	-25
	Spur
	-40
	Spur
	-40



Observations:
· For NS01 worst case outer (WC outer in Figure1), IM3 falls into the adjacent channel and IMD5 in the spurious emission part which has the toughest requirement.
· For NS01 worst case inner (Inner1-3 in Figure 1), IM3 falls in band (this is its definition) and IMD5/7/9 fall into adjacent channel => in cases without specific OOB requirements limitation comes from either IMD5 adjacent channel ACLR or SEM or IBE/EVM for IMD3
· For NS04 and NS27 specific requirements changes the behavior due to spurious emissions and OOB requirements:
· Relaxed general spurious from -30 dBm/MHz to -25d Bm/MHz
· Tough OOB requirements: it should be noted that inner allocation have IMD5 falling there instead of IMD3
· For FDD cases, it shouldbe noted that inner allocations only have IMD11 and above that fall beyond the adjacent channel, thus MSD should be negligible if duplex gap if larger than the maximum aggregated bandwidth for ENDC or 2UL intra-band contiguous or channel bandwidth for FDM ULSUP.
· The 0 dB MPR usually correspond to inner allocation (FR1/FR2) and should be key for 29 dBm=PC2+PC2 or PC2=PC3+PC3 intra-band 2UL power class definition
Generic Inner Allocation Definition
Based on the inner allocation case illustrated in Figure 1 and the in-band IMD3 definition, the following parameters are defined with the assumption that allocations 1 is the lowest in frequency:
· BW1=channel bandwidth of lower CC (CC1) in MHz
· BW2=channel bandwidth of upper CC (CC2) in MHz
· SCS1=sub-carrier spacing of CC1 in MHz
· SCS2=sub-carrier spacing of CC2 in MHz
· FstartAll1=frequency of lowest edge of lowest RB of allocation 1 in CC1 in MHz
· FstartAll2=frequency of lowest edge of lowest RB of allocation 2 in CC2 in MHz
· FstopAll1=frequency of highest edge of highest RB of allocation 1 in CC1 in MHz
· FstopAll2=frequency of highest edge of highest RB of allocation 2 in CC2 in MHz
· FIMD3LL=frequency of lowest edge of lowest IMD3 product in MHz
· FIMD3HH=frequency of highest edge of highest IMD3 product in MHz
· FCC1=centre frequency of CC1 in MHz

If FIMD3LL and FIMDHH are within the allocated channels aggregated bandwidth, allocations are inner allocations, otherwise they are outer allocations.

Using the 3rd order inter-modulation equations, the following equations can be derived:
· FIMD3LL=2*FstartAll1-FstopAll2
· FIMD3HH=2*FstopAll2-FstartAll1
· It should be noted that these only depend on FstartAll1 and FstopAll2 with are respectively related to RBstart of allocation 1 and RBend (RBstart+LCRB) of allocation 2

To further simplify and provide extra margin with associated guard band, it is proposed to further restrict inner allocation definition to have their IMD3 product fully contained within the centred +/- RBtot/2 region that can be allocated for each CC. such restriction also allows to accommodate the variability on channel positions due to different channel raster but also avoids using the different guard-band definitions versus SCS and reference SCS.

For IMD3 to fulfil inner allocation definition, the following is needed:
FstopAll2-FstartAll1< RBstart1*12*SCS1 (lower IMD3 is within the centred +/- RBtot/2 for CC1)
AND
FstopAll2-FstartAll1<(RBtot2-RBstop2)*12*SCS2 (upper IMD3 is within the centred +/- RBtot/2 for CC2)

Relating FstopAll1 and FstartAll2 to the respective BW1, BW2, RBstart, RBtotal and LCRB, the generic equations can be rewritten as follows and are valid for ENDC:
 (2*RBstart1-RBtot1/2)*SCS1+(RBtot2/2-RBstart2-LCRB2)*SCS2 ≥ (BW1+BW2)/24 (A)
AND
 (RBstart1-RBtot1/2)*SCS1+(3/2*RBtot2-2*(RBstart2+LCRB2))*SCS2 ≥ (BW1+BW2)/24 (B)

Using this formulation the inner allocation equations (A) and (B) only uses the allocated RB and channel parameters that can available to the NR side for DPS capable UEs for EN-DC or for NR UL CA that can thus apply a specific back-off compared to the worst case MPR/AMPR related to outer allocations. In both equations A and B, the term on the right is half of the aggregated channels bandwidth and is static, while terms on the left are more dynamic (except RBtot1 and RBtot2).

For NR intra-band contiguous UL CA the equation can be simplified as SCS1=SCS2:
4*RBstart1-RBtot1+RBtot2-2*RBstart2-2*LCRB2 ≥ (BW1+BW2)/(12*SCS) (A)
AND
 2*RBstart1-RBtot1+3*RBtot2-4*(RBstart2+LCRB2) ≥ (BW1+BW2)/(12*SCS) (B)

For ULSUP and 1CC non-contiguous UL allocation, RBtot and BW are the same and equation can be further simplified.
2*RBstart1 ≥ RBstart2+LCRB2 (A)
AND
 RBstart1+RBtot ≥ 2*(RBstart2+LCRB2) (B)
In-band Requirements
One of the key aspects of inner allocations is the requirement to be applied for the IMD3 products. 

For single CC non-contiguous 2UL cases (FDM ULSUP and non-contiguous allocations) both EVM and IBE applies. Since there is already agreed exceptions for the carrier and image leakages and the IMD3 behavior being similarly related to the allocated RBs and predictable in position at least the same 28 dBc requirement could be applied making it suitable at least for lower order modulations.

For 2 CC cases (contiguous intra-band NR CA and ENDC) in-band requirements are usually tested only in single CC mode thus one could assume no requirement would apply to the inner allocation IMD3 products. If some requirement is foreseen it should also look into similitudes with image leakage
Proposals for 1CC or Contiguous 2CC Cases
Proposal 1 for 1CC or contiguous 2CC cases:
· Definition in this paper for inner and outer allocations is adopted at least for QPSK and 16QAM modulations to study:
· Improved MPR/AMPR for intra-band contiguous ENDC
· MPR for contiguous intra-band NR UL CA
· Intra band contiguous ENDC power class definition for 29dBm=PC2_LTE+PC2_NR and PC2_ENDC=PC3_LTE+PC3_NR
· MPR for FDM ULSUP (and NR 1CC non-contiguous allocation if in scope)
· Intra band contiguous ENDC FDD MSD test cases
· Applicable in-band requirements for inner allocations IMD3 follows image rejection principles
Initial results for this approach can be found in [3,4]
Non-contiguous 2CC Cases
Description of Possible Scenarios
For the non-contiguous 2UL CC cases (NR CA and ENDC), the IMD3 product can fall into different regions for requirements:
1. IMD3 fall inside CC1 and CC2: this is a low probability scenario since the gap between the two CCs needs to be smaller than the smallest CC for this to be possible (if applicable the equations would be very similar than for the contiguous CC case but with (BW1+BW2)/2 replaced by (BW1+BW2)/2+BWgap.
2. IMD3 falls within the adjacent channels of each CCs: worst case requirement is ACLR or -13dBm/MHz SEM, this is more likely as the smallest CC bandwidth can be smaller than the gap and the separation between smallest channel RBstart and other channel RBstop needs to be less than twice the smallest channel BW => potential for inner allocation definition => IMD5 falls in worst case spurious emission region (-30dBm/MHz NS01, -25dBm/MHz NS04/27)
3. IMD3 falls in the worst case spurious emission region (-30dBm/MHz NS01, -25dBm/MHz NS04) => outer definition

Cases 2 and 3 are illustrated in Figure 2, while a specific issue related to image leakage is illustrated in Figure 3 (this issue is particularly sensible for 1PA ENDC or UL CA).

[image: ]
Figure 2: Inner and outer cases for non-contiguous 2UL CCs
Observations:
· For NS01 worst case outer (WC outer in Figure1), IM3 falls into the spurious emission part which has the toughest requirement.
· For NS01 worst case inner (Inner1-2 in Figure 1), IM3 falls in adjacent channel and IMD5 falls into the spurious emission part which has the toughest requirement => in cases without specific OOB requirements, limitation comes from either IMD3 adjacent channel ACLR or SEM or IBE/EVM for IMD5 spurious emissions
· For inner allocation to exists, the frequency gap should be smaller than twice the smallest channel bandwidth.
· For NS04 and NS27 specific requirements changes the behavior due to spurious emissions and OOB requirements:
· Relaxed general spurious from -30 dBm/MHz to -25 dBm/MHz
· Tough OOB requirements
[image: ]
Figure 3: Image issue for non-contiguous 2UL CCs
Observations: In the case where the largest channel allocation is within the gap separation away from the LO, its image falls into the gap. If ACLR applies, it can never satisfy ACLR with the current 28 dBc specification

Note that it can only meet marginally PC3 ACLR if both CCs are equal power (but not if equal PSD and different allocations sizes) and it systematically fails PC2 ACLR. This is only true for a single transmit path case as in the 2 transmit path case, the respective CC images stay in-band.
Generic Inner Allocation Definition
As a first step we can propose equations for extension of the equations in chapter 2.1.2 to work for cases where the gap is smaller than the smaller of the two channels BW as described for the non-contiguous where IMD3 still falls within possible allocation. It simply requires changing the BW1/2+BW2/2 criteria by adding the gap bandwidth (BWgap):
(2*RBstart1-RBtot1/2)*SCS1+(RBtot2/2-RBstart2-LCRB2)*SCS2 ≥ (BW1+BW2+2*BWgap)/24 (A)
AND
 (RBstart1-RBtot1/2)*SCS1+(3/2*RBtot2-2*(RBstart2+LCRB2))*SCS2 ≥ (BW1+BW2+2*BWgap)/24 (B)

As explained above, it is preferred that inner allocation have a higher probability by having IMD3 falling within the allocated channels and its adjacent channel.
(2*RBstart1-RBtot1/2)*SCS1+(RBtot2/2-RBstart2-LCRB2)*SCS2 ≥ (BW2-BW1+2*BWgap)/24 (A)
AND
 (RBstart1-RBtot1/2)*SCS1+(3/2*RBtot2-2*(RBstart2+LCRB2))*SCS2 ≥ (BW1-BW2+2*BWgap)/24 (B)

It can easily be seen that the right term of the inequality is smaller and that in the case where BW1=BW2 it is only related to the gap bandwidth.

In the case of NR UL CA SCS1 and SCS2 should be the same further simplifying the equation to:
2*RBstart1-RBtot1/2+RBtot2/2-RBstart2-LCRB2 ≥ (BW2-BW1+2*BWgap)/(24*SCS) (A)
AND
 RBstart1-RBtot1/2+3/2*RBtot2-2*(RBstart2+LCRB2) ≥ (BW1-BW2+2*BWgap)/(24*SCS) (B)
In-band Requirements
Since there is lower probability that the inner allocation IMD3 products fall within the allowable RB allocation than in the adjacent channel, the more drastic -13d Bm/MHz spec should result in PA back-off that would guarantee proper in-band emissions and EVM.
Proposals for Non-contiguous 2CC Cases
As can be seen from the discussion above, it is less evident to find “good” allocations for the non-contiguous CC cases as there is a dependency on the gap size and the requirements difference between outer and inner cases may result in les back-off gain than for the contiguous CC case. At the same time, it is justified to look further into details of some intra-band combinations to see if the benefits are worth the effort knowing that back-off needed for non-contiguous case is about 6 dB higher than for contiguous case.

Separately, the issue highlighted for the image leakage not allowing ACLR to be met needs a solution for single PA case.

Proposal 2 for non-contiguous 2CC cases:
· Definition in this paper for inner and outer allocations is adopted for the study of improvement of MPR/AMPR for intra-band non-contiguous 2UL ENDC and NR UL CA, at least for QPSK and 16QAM modulations
· Settle requirement for image issue in the single transmit path case for intra-band non-contiguous 2UL ENDC and NR CA:
· Alternative 1: Ignore ACLR in gap
· Alternative 2: Assume UL 256QAM support and rely on 35dBc image rejection
· Alternative 3 Relax in gap ACLR requirement (to 27dB for example as similar to 2UEs behaviour)
Initial results for this approach can be found in [4]
Accounting for Filter Help
As already discussed and used for NS04 intra-band non-contiguous ENDC, for the cases where the IMD3 (and thus higher orders) products fall significantly outside the filter bandwidth, the filter attenuation can significantly reduce the need for back-off. This is especially true for bands with sharp filters like FDD bands (DC_3_n3 for example) and most likely for non-contiguous CCs.
In order to enable this, a few requirements could be put in place:
· A default filter attenuation at a +/-%BW offset
· A default MPR/AMPR value (possibly back to some inner MPR/AMPR) if IMD3 falls outside the filter transition frequency
· Capability signaling if the networks can make use of the knowledge that lower back-off is applied

Assuming that the default MPR/AMPR would correspond to the inner allocation case for non-contiguous CCs the IMD3 should be less than -13 dBm/MHz and thus would require at least 17 dB of filter attenuation to meet the generic spurious emissions of -30 dBm/MHz. If the contiguous CC inner allocation were to be used and 28 dBc had to be met, it would correspond to worst case value of -5 dBm/MHz for PC3 thus requiring 25 dB of filter attenuation to meet the generic spurious emissions of -30 dBm/MHz. These are examples showing that with reasonable filter attenuation assumptions (at least for FDD duplex filters) a reduced MPR/AMPR is feasible.

Proposal 3 for Filter help:
· Study which default filter attenuation and associated offset enables significantly reduced back-off
· FFS default MPR/AMPR is applied when filter is accounted for
· FFS if applicable to FDD and TDD
· FFS if signaling is needed (based on BS and conformance measurement need)
Conclusions
In this contribution we discussed the inter-modulation products properties of different types of allocations for contiguous and non-contiguous 2UL CCs and their potential to improve back-off and MSD requirements in a number of scenarios for intra-band ENDC and UL CA but also for FDM ULSUP. This allowed making a few proposals to extend the single CC inner/outer allocation concept to two separate UL allocations.

Proposal 1 for 1CC or contiguous 2CC cases:
· Definition in this paper for inner and outer allocations is adopted at least for QPSK and 16QAM modulations to study:
· Improved MPR/AMPR for intra-band contiguous ENDC
· MPR for contiguous intra-band NR UL CA
· Intra band contiguous ENDC power class definition for 29dBm=PC2_LTE+PC2_NR and PC2_ENDC=PC3_LTE+PC3_NR
· MPR for FDM ULSUP (and NR 1CC non-contiguous allocation if in scope)
· Intra band contiguous ENDC FDD MSD test cases
· Applicable in-band requirements for inner allocations IMD3 follows image rejection principles
Proposal 2 for non-contiguous 2CC cases:
· Definition in this paper for inner and outer allocations is adopted for the study of improvement of MPR/AMPR for intra-band non-contiguous 2UL ENDC and NR UL CA, at least for QPSK and 16QAM modulations
· Settle requirement for image issue in the single transmit path case for intra-band non-contiguous 2UL ENDC and NR CA:
· Alternative 1: Ignore ACLR in gap
· Alternative 2: Assume UL 256QAM support and rely on 35dBc image rejection
· Alternative 3 Relax in gap ACLR requirement (to 27dB for example as similar to 2UEs behaviour)
Proposal 3 for Filter help:
· Study which default filter attenuation and associated offset enables significantly reduced back-off
· FFS default MPR/AMPR is applied when filter is accounted for
· FFS if applicable to FDD and TDD
· FFS if signaling is needed (based on BS and conformance measurement need)
This paper also pointed at a potential hole in the specification to be able to support ULSUP in FDM mode.
Observation: current 38.101-3 specification does not have MPR values for FDM mode ULSUP although the problem is similar to the ENDC case of DC_(n)71 in some bands. As is only SUL band with large enough duplex may not see de-sense but may still fail some emissions due to IMDs of the LTE and NR allocations in a same channel.
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