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1. Introduction
In Release 15 38.101-3 specification [1], There has been significant work to define the intra-band EN-DC A-MPR and the new WI on B41 29dBm power class [2], will require further work. In this contribution, we discuss the need to identify the allocations that have lower A-MPR to have a chance to effectively reach 26dBm on each links; this can also pave the way to a simple approach to define “good” allocations with small or no A-MPR for all TDD and FDD intra-band EN-DC combinations.
2. Discussion
2.1. Current A-MPR definitions for Intra-band EN-DC
To set the scene on where we stand on A-MPR for intra-band EN-DC, below are the related formulas for NS_35 and NS04 for DFT-s-OFDM waveform:
· For NS_035 (Band 71): MA,DC=10-13.33*A; 0.0<A≤0.3 | 7-3.33*A; 0.3< A≤0.6 | 5; 0.6<A≤1
· For NS_04 (Band 41) -13dBm/MHz: A-MPRIM3,-13=14;
0≤A<0.5 | 9; 0.5≤A<1 | 7; 1≤A< 2 | 5; 
2<A

· For NS_04 (Band 41) -25dBm/MHz: A-MPRIM3,-25=14; 
0≤A<1 | 13; 1≤A<2 | 12; 2≤A<5 | 11; 5<A

· For NS_04 (Band 41 non-contiguous for small gap) ACLR: A-MPRACLRoverlap=4 dB
We will not discuss here all the more complex aspects of calculating the right A-MPR depending on allocation, EN-DC type, gaps…etc. However, we wanted to show that A-MPR can be as high as 10-14dB for small allocations and still 4-5dB for larger allocations. 
Still, the A-MPR is defined for the worst case allocation position and many more allocations have higher margins but it is not yet obvious which of those allocation could live with small or no A-MPR.
This is highlighted in the zone circled in blue in Figure 1 below extracted from a Nokia contribution on band 71 EN-DC [3]. This is used as an example to show that out of the many allocations that are simulated at a given allocation ratio there are many allocations with small A-MPR compared to the A-MPR allowance shown by the limit in red, they correspond to specific allocation placements which do not result in an issue with emissions. This is just used as an example and these allocations also exist even for cases with much larger A-MPR allowance. It is especially of interest to identify those low A-MPR cases for low Allocation ratios as they are the one more likely to be used at cell edge and thus benefit from higher output power.
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Figure 1: A-MPR results for DC_(n)71 from [3] with low or small A-MPR cases highlighted.

Observation 1: Intra-band FDD and TDD EN-DC A-MPR is in the 4-14dB range depending on the allocation ratio and contiguous vs non-contiguous channels, and although there exist allocations with small or no A-MPR required, those are not easy to identify.

2.2. Finding 0dB A-MPR Allocations to Enable Band 41 29dBm Power Class for EN-DC

The 29dBm Band 41 power class is based on the on the principle that two PAs having each 26dBm output power capability are associated with two transmit antennas thus being combined a total UE power of 29dBm is achieved. Thus it means that the effective power capability of each of the PAs is not increased compared to the current PC2 case.
When the two PAs are associated with the same RAT to either perform beam forming (coherent 2x2 UL MIMO) or two stream MIMO, they operate in the same channel and thus do not have issue with emissions other than some possible in-band SNR increase due to the coupling between the two antennas.

In the case of intra-band EN-DC though, they are at different frequencies such that IMD will be generated, but the absolute emissions requirements for which A-MPR is needed for PC2 will need to be met. The PAs being the same, if one cannot find at least the allocations that have 0dB A-MPR for PC2 and having margin to these absolute emission requirements, there is no hope to increase the total power toward support of the 29dBm power class.

Observation 2: In order for Band 41 29dBm power class to be a reality for intra-band EN-DC, one need to at least find 0dB A-MPR allocations for PC2.

Proposal 1: Band 41 29dBm power class A-MPR evaluation must start from identified 0dB A-MPR allocations for PC2.
2.3. Potential Low A-MPR Allocations for Contiguous Case
When the NR and LTE UL channels are contiguous, the ACLR and SEM definitions apply to the combined bandwidth. Thus, taking into account the fact that each channel has its own allocation, it can be seen as a non-contiguous allocation in one channel but with only two clusters which are restricted in position. 

One of the first consequences of this is that outer and inner allocations concept on NR side no longer apply (with associated MPR) because they no longer relate to NR ACLR and SEM. EVM and IBE limitation may still apply though.
The other consequence is that there is a region at the interface between the LTE and NR channel that can be defined for which a given IMD order stays within the combined channel bandwidth (and thus cannot fail an ACLR limit which is defined outside the combined bandwidth) or stays within the ACLR region (and thus cannot fail the more stringent SEM limit which is defined outside the adjacent channels based on combined bandwidth). This is illustrated in Figures 2 and 3 below covering two example cases.
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Figure 2: Contiguous intra-band EN-DC case with same LTE and NR channel bandwidth. Example (a) for Zone 1 where IMD3 falls entirely within the combined channel bandwidth. Example (b) for Zone 2 where IMD5 falls entirely within the higher SEM emissions limit of adjacent channels based on combined bandwidth.
In Figure 2, we illustrate the case where LTE and NR channels have the same bandwidth as it is the simplest to visualize. The allocation Zone 1 is such that IMD3 products all fall within the LTE and NR aggregated channel bandwidth and thus for a given allocation ratio that would cause ACLR issue due to IMD3 and require A-MPR, if the LTE and NR allocations are within Zone 1, A-MPR due to ACLR would be limited by IMD order >3 and more likely result in low A-MPR (and possibly 0dB A-MPR). In this case, allocation Zone 1 for this specific example occupies 1/3 of the LTE + NR aggregated bandwidth and is centered within it.

Similarly, the allocation Zone 2 is defined such that the IMD5 products all fall within the adjacent channels based on combined bandwidth, where ACLR and less stringent SEM absolute emission limits apply. For those allocation ratios which would fail the minimum SEM level or a given spurious emission level and would require A-MPR, if the allocation are within allocation Zone 2 A-MPR due to emissions outside the adjacent channels based on combined bandwidth would be limited by IMD order >5 and more likely result in low or no A-MPR. In this specific example definition for Zone 2, the allocations in Zone 2 are within 3/5 of the aggregated LTE + NR bandwidth.
These two simple examples show how it is feasible to define allocation zones for which a given A-MPR requirement can be ignored. The definition of that zone depends on the type of limitation (ACLR, SEM, Spurious emissions), the IMD order involved (level and position) and the allocation ratio (PSD). The first two are easy to derive from the generic A-MPR study while the last one can be assessed for ranges of allocation ratios. To simplify the study only two zones may be defined each corresponding to a range of allocation ratio. It is to be noted the some residual A-MPR may still be required to account for the higher PAPR usually associated with two carriers.
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Figure 3: Contiguous intra-band EN-DC case with different LTE and NR channel bandwidth. Example (a) for Zone 1 where IMD3 falls entirely within the combined channel bandwidth. Example (b) for Zone 2 where IMD5 falls entirely within the higher SEM emissions limit of adjacent channels based on combined bandwidth.
Figure 3 illustrates a slightly more complex case where the two channels have different sizes. In this case the NR channel is wider than the LTE channel. The Zone 1 for which the IMD3 is constrained within the aggregated LTE and NR bandwidth is now more limited by the smaller channel and the size is 2/3 of the smaller channel if it is centered at the two channel interface, it would also be possible to have a wider bandwidth by shifting the allocation zone more towards the wider channel but in some case would result into limited availability of “good” LTE allocations (or whichever smaller channel bandwidth). 
Similarly, for Zone 2 that constrains IMD5 within the adjacent channels based on combined bandwidth where ACLR applies, the zone can be designed to be slightly asymmetric and not centered but for sake of simplicity the allocation is still centered on the two channel interface. In this case the size of the zone is 6/5 of the smaller channel.
These two examples show that it is feasible to define a set of rules such that A-MPR=0dB is more likely, this does not necessarily mean that the A-MPR is exactly zero as some other limiting factor may arise but there is a good chance that the A-MPR is significantly reduced especially for small allocations that are essential at cell edge and thus close to maximum power.

It is to be noted that similar rules can be developed to assess the best allocations to avoid IMDs falling into the DL receive channels in the context of an FDD band.

Observation 3 for contiguous EN-DC: It is feasible to define zones for LTE and NR allocations such that a given IMD order is limited to a specific region where a requirement (ACLR, SEM, MSD…) does not apply and thus depending on allocation ratio range (PSD range) find cases which result into no or small A-MPR required. This applies to TDD cases and with further criteria for MSD also applies to FDD case.
2.4. Potential Low A-MPR Allocations for Non-contiguous Case

For non-contiguous cases, although there are some possibilities to define zones for which low order IMDs could stay confined within the ACLR region, it is not very practical as it depend on respective channel bandwidths and gap size. On the other hand, it is possible to define the allocation zone for LTE and NR such that IMD products fall out of band and benefit from sufficient attenuation provided by the band filter and thus meet a given absolute emission level. Again different zones can be defined per allocation ratio and/or IMD order. This is illustrated in Figure 4 with one case (a) where the allocation is far apart enough that the IMD3 fall outside the filter bandwidth and thus benefits from its attenuation and case (b) where with smaller gap between the allocation IMD3 falls inside filter band width and even within the band and thus do not see any attenuation to help meeting the emissions limits. It is to be noted that for FDD bands, to avoid MSD a further criteria would be that the IMD products avoids the DL channels, this is specifically important for DC_3_n3 case for Release 16.
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Figure 4: Non-contiguous intra-band EN-DC case. Example (a) where IMD3 fall outside the band and benefit from the band filter attenuation. Example (b) where IMD3 fall inside filter bandwidth or even in band and does not benefit from filter attenuation to meet emission limits.
Observation 4 for non-contiguous EN-DC: It is feasible to define zones for LTE and NR allocations such that a given IMD order fall out of band in a region where the band filter provides enough attenuation to meet an specific absolute emission limit, the IMD order involved together with the allocation ratio range may result in defining at least two allocation zones. Again it is applicable to both TDD and FDD cases the later may use further restrictions in allocation position to avoid MSD issues.
2.5. A-MPR Optimization and Application to 29dBm Power Class

Although the discussion above is a high level introduction to the concept of defining particular allocation zones for which no or limited A-MPR is required, we believe it is worth studying such an approach to offer exceptions to the generic A-MPR equation with no or limited A-MPR resulting from a simple subset of cases on only two zones and two allocation ratio ranges (potentially associated with a residual A-MPR). For the Band 41 29dBm case, provided these are defined and it is found that for Band 41 contiguous and/or non-contiguous EN-DC a zone and allocation ratio range can be associated with 0dB MPR for PC2, the 29dBm A-MPR study should be restricted to these allocations, knowing that all the others would see the same A-MPR than PC2. For other intra-band EN-DC cases, identifying “good” allocation zones in the same way is beneficial and some residual (low) A-MPR would be acceptable. This would apply to Band 41 and 71 contiguous EN-DC and Band 3 and 41 non-contiguous EN-DC cases.
Proposal 2: For intra-band EN-DC (both contiguous and non-contiguous and applying to both TDD and FDD cases), it is proposed to study at least two allocation zones and two allocation ratio ranges definition for which A-MPR allowance can be ignored and zero or small residual A-MPR applies.
3. Conclusion
This contribution explores a high level definition of specific allocation zones for which a specific A-MPR limit could be ignored and the required A-MPR be significantly reduced. This should be studied for all intra-band EN-DC case (both contiguous and non-contiguous and applying to both TDD and FDD cases) but is specifically important to make 29dBm power class a reality for Band 41 EN-DC cases. Although the exact rules on defining zones and allocation ranges are not defined here we believe the methodology described in this paper can be applied and we formulate the following proposals.
Proposal 1: Band 41 29dBm power class A-MPR evaluation must start from identified 0dB A-MPR allocations for PC2.

Proposal 2: For intra-band EN-DC (both contiguous and non-contiguous and applying to both TDD and FDD cases), it is proposed to study at least two allocation zones and two allocation ratio ranges definition for which A-MPR allowance can be ignored and zero or small residual A-MPR applies.
These were formulated based on the following observations.
Observation 1: Intra-band FDD and TDD EN-DC A-MPR is in the 4-14dB range depending on the allocation ratio and contiguous vs non-contiguous channels, and although there exist allocations with small or no A-MPR required, those are not easy to identify.

Observation 2: In order for Band 41 29dBm power class to be a reality for intra-band EN-DC, one need to at least find 0dB A-MPR allocations for PC2.

Observation 3 for contiguous EN-DC: It is feasible to define zones for LTE and NR allocations such that a given IMD order is limited to a specific region where a requirement (ACLR, SEM, MSD…) does not apply and thus depending on allocation ratio range (PSD range) find cases which result into no or small A-MPR required. This applies to TDD cases and with further criteria for MSD also applies to FDD case.
Observation 4 for non-contiguous EN-DC: It is feasible to define zones for LTE and NR allocations such that a given IMD order fall out of band in a region where the band filter provides enough attenuation to meet an specific absolute emission limit, the IMD order involved together with the allocation ratio range may result in defining at least two allocation zones. Again it is applicable to both TDD and FDD cases the later may use further restrictions in allocation position to avoid MSD issues.
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