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1. Introduction

For intra-band EN-DC in Band 41/n41, two of the primary factors in the determination of A-MPR are directly related to the frequency location of the channels within the band.  Compliance with the NS_04 spurious region requires A-MPR for NR or LTE channels located near the bottom of the band.  In addition, IM3 products caused by the intermodulation between the LTE and NR carriers can also fall into various frequency regions, with different spectral emissions limits, and different levels of filter rejection.  
These factors are important in determining how much A-MPR to allow for a given channel arrangement. This submission discusses mechanisms to calculate A-MPR while reflecting these factors.
2. Discussion
In RAN4#86bis, it was agreed in R4-1805774 [1] that A-MPR would be defined for the 2PA architecture, structured as a formula based on allocations sizes, and that separate curves will be defined for different channel arrangements. 
A-MPR may be needed to allow the UE to comply with emissions restrictions.  UEs are required to meet single channel general emissions requirements using only MPR, but additional emissions restrictions associated with NS signalling may require additional power reduction, A-MPR.  This is conceptually no different than single channel LTE, or single channel NR.

In addition, Dual Connectivity introduces the potential for intermodulation between the two transmissions, which can place intermodulation products into frequencies which are a function of the two transmission frequencies.  The single channel spectral emission limits were not designed to accommodate inter-channel IMD, so A-MPR may be required to bring these IMDs products into compliance with the emissions limits.
The circumstances leading to these two separate drivers for A-MPR are independent – individual channels and allocations may or may not be located near the NS_04 spurious region and impinge upon it, and IMD products may or may not fall into vulnerable spurious regions, depending on the arrangement of the two UL transmission in EN-DC.   These drivers should be considered separately, and combined in the end for a complete A-MPR allowance.

Individual Channel Spectral Regrowth
For a 2PA architecture, the NR and LTE transmissions have separate transmission chains, including separate antennas.  One of the primary risks is that spectral regrowth of the transmission will spill into the NS_04 spurious emission region below the band, exceeding the spectral emissions.  As a first order analysis, the A-MPR required on each channel to comply with NS_04 is at least the A-MPR required for the individual channel for a single transmission.  
For LTE, the A-MPR is defined in Section 6.2.4 of TS 36.101, and is largely based on the center frequency of the UL channel. For Power Class 2 and 20 MHz LTE channels located below 2517.5 MHz up to 5 dB of A-MPR may be allowed, depending on the location and size of the allocation within the channel.  No A-MPR is allowed for channels centered above 2517.5 MHz.
For NR, the A-MPR definition is not yet finalized, but submissions have discussed a similar frequency-dependent aspect. R4-180062 discusses the required offset from the bottom of the band before no A-MPR is needed, and R4-1804025 proposes an A-MPR definition that directly considers the frequency location of the channel and allocations and allows up to 4 dB A-MPR.
These A-MPR allowances of up to 4 or 5 dB for lower channels are significant, and are allowed because the spectral regrowth from the lower channel transmission may incur into the NS_04 spurious region.   A-MPR for channels in the upper parts of Band 41 is not allowed for LTE, or proposed for NR, because for upper channels there is no risk of spectral regrowth into the NS_04 region from a single channel.
Reverse-IM3 Products between Transmissions

Another potential cause of violation of spectral emission limits, which may require A-MPR to avoid, is intermodulation between the two transmissions.  The emissions limits are defined over a specified measurement bandwidth of 1 MHz, so for IM3 products with wider bandwidths, it is the power spectral density of the IM3 product that is important.
As agreed in R4-1805774, the A-MPR for IM3s will be defined as a formula primarily based on allocation sizes.  Theory and preliminary results show that larger allocations will spread the UE’s Tx power over larger transmission bandwidths, which results in larger interference bandwidths from IM3s and lower interference PSDs.  So larger allocation will result in lower A-MPR allowances. The A-MPR required to manage IM3 products will be determined empirically from simulations and measurements.  
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It was also agreed in R4-1805774 that separate curves would be defined for different channel arrangements. This mechanism is discussed in R4-1807831.
Proposal 1: Functions be defined to define AMPR required to manage Reverse IM3s.
Reverse-IM5 Products between Transmissions
R4-1802244 discussed measurements that indicate that RIM5 products may not be a significant problem for 2PA architectures.   If subsequent submissions are consistent with this finding, the A-MPR definition will not need to directly consider RIM5s.
ACLR Limitations

An additional concern, especially for non-contiguous channels, is that emissions between the two transmissions will aggregate and exceed ACLR limits.  The magnitude of A-MPR required to manage ACLR will be determined empirically by measurements and simulations.   There are two primary mechanisms that can impact ACLR for EN-DC: overlapping spectral regrowth between the two Tx channels, and a RIM3 product falling into an adjacent channel region and contributing to ACLR.
For contiguous channels, the adjacent channels are defined as 95% of the aggregated ENBW, so all RIM3 products will fall into the adjacent channel.  ACLR is the ratio of channel power to emission power in the adjacent channel, so the channel power is measured as the aggregate between both transmitters.  The adjacent channel emission power will be relatively lower than it would be for a single transmitter, since much of the IMD will be Reverse IMD that is attenuated because of the separate transmit chains and antenna isolation.  So ACLR should be lower for 2PA EN-DC than it would be for a single channel, making it unlikely that limits will be exceeded.  Empirical measurements of emissions can confirm.  
For non-contiguous channels, the ACLR is expected to be defined based on the individual channels, with ACLR limits between the transmissions only applying if there is sufficient bandwidth between them to fit an adjacent channel.  The worst case would be two equal size channels with exactly one adjacent channel gap between them.  In this case, the sum of the adjacent channel powers in that gap could be 3dB higher than for each channel individually, potentially exceeding the ACLR limit. 
The UE determines the value of A-MPRACLRoverlap as follows:

If  MIN( BWLTE, BWNR ) < Wgap < BWLTE + BWNR



A-MPRACLRoverlap = 3 dB

Else



A-MPRACLRoverlap = 0 dB

where

-
Wgap = Fhigh_channel,low_edge - Flow_channel,high_edge
For adjacent channel on the outsides of the EN-DC arrangement, there is some theoretical risk that RIM3 products will fall into the adjacent channel and increase the total power on that adjacent channel enough to exceed the ACLR limit.   But since adjacent channel emissions are measured over much wider bandwidths than the 1MHz used for the spectral emissions mask or spurious regions, it is expected that the emissions limits will be the limiting factor. 
Similarly, there is a theoretical risk that or spectral regrowth from very wide opposite channels could add to the adjacent channel emissions for a narrower channel.  But for that to occur, the regrowth from the wider channel would have to be spread over a very wide bandwith, reducing its power.  Since this situation is certain to be covered by other drivers of AMPR as well, no explicit mechanism is needed to manage this risk.  Empirical measurements of emissions can confirm.  
Proposal 2: A worst case allowance of 3 dB be included in the AMPR definition to insure sufficient backoff for overlapping adjacent channels when overlapping adjacent channels between transmit channels exist.
Combined EN-DC A-MPR Definition

Table 1 below summarizes the different drivers of A-MPR for intra-band EN-DC in Band 41, and the documents that define the A-MPR backoff allowed for those causes.
	Driver for A-MPR backoff
	Conditions with largest potential backoff need.
	Definition of backoff requirement

	Individual Channel Regrowth into NS_04
	Channel near lower edge of band, allocations near lower edge of channel.
	LTE A-MPR (TS 36.101)

NR A-MPR (TS 38.101-1)

	Reverse IM3 products from intermodulation between ENDC channels
	Small allocations with IM3s falling into spurious regions without filter protection.
	Included in A-MPRIM3 and based on measurements.

Defined in R4-1807830

	Reverse IM5 products from intermodulation between ENDC channels
	Theoretically similar as IM3s.
	Expected to be low enough to not require direct consideration.

	ACLR increase from inter-channel IM3s
	Conditions where IM3s fall into adjacent channels
	Included in A-MPRIM3 and based on measurements.

Defined in R4-1807830

	ACLR increase from spectral regrowth overlap between channels.
	Non-contiguous channel arrangements where overlap of adjacent channels can occur.
	3dB allowance for non-contiguous channels with overlapping adjacent channels.  A-MPRACLRoverlap


In the past, definitions have been specified either with tables or with formulas.   Because each of these causes of A-MPR occurs in different circumstances, a single table which included all of the parameters for each of these separate drivers of A-MPR would be undesirably large and complex.   Simplification which could potentially reduce the complexity of the table would necessarily involve using worst case assumptions and granting unneccessary backoff allowances in some circumstances.
Similarly, formulas which attempted to include all the pertinent parameters would be complex, and would need to duplicate logic and formulas that are already defined, such as single channel A-MPR definitions.  Simplification could be made, but as with tables, they would necessarily involve worst case assumptions to insure emission limits could be met, thus allow unnecessary backoff in some cases.

For example, for a 20 MHz LTE channel located near the bottom of the band, an 18RB allocation with RBstart <= 22, is allowed 5dB of A-MPR to prevent spectral regrowth into the NS_04 region. But that low LTE channel may be combined with a high NR channel which would place all inter-channel IM3 products into regions with high filter rejections, and have an A-MPRIM3 allowances of 0.  If this worst case for single channel LTE A-MPR were included into the A-MPRIM3 definition, which is based only on aggregate allocation size, it would require a minimum A-MPR allowance of 5dB.   That 5dB of backoff would be needed only under the circumstances defined by the LTE A-MPR definition, but would have to be applied to all EN-DC channel combinations since the EN-DC A-MPR allowance is based only on aggregate allocation size, and does not consider position, or even how much of the aggregate allocation size is on LTE.
Since each component of the need for A-MPR has a relatively simple backoff allowance defined, and because the conditions that drive these needs for A-MPR are essentially uncorrelated, the most appropriate way to insure that enough A-MPR is allowed without unnecessary simplifications is with a MAX function.   This will insure that each identified condition that requires A-MPR gets sufficient backoff to be mitigated, and does not require undesirable simplifications.
So it is proposed that the A-MPR definitions for EN-DC be structured around a MAX function including A-MPR needed for the drivers identified in this submission.

For Type 2 UEs 


Running independently.
A-MPRLTE = MAX( A-MPRsingle,LTE, A-MPRIM3, A-MPRACLRoverlap )
A-MPRNR = MAX( A-MPRsingle,NR, A-MPRIM3, A-MPRACLRoverlap )

For Type 1 UEs

Backoff applied equally to LTE and NR.


A-MPR = MAX(A-MPRsingle,LTE, A-MPRsingle,NR, A-MPRIM3, A-MPRACLRoverlap )
Proposal 3: Total AMPR allowed for UEs be a MAX function of AMPR for the individual channels, AMPR for managing IM3s, and AMPR for overlapping adjacent channels.
3. Proposals

Proposal 1: Functions be defined to define AMPR required to manage Reverse IM3s.
Proposal 2: A worst case allowance of 3 dB be included in the AMPR definition to insure sufficient backoff for overlapping adjacent channels when overlapping adjacent channels between transmit channels exist.
Proposal 3: Total AMPR allowed for UEs be a MAX function of AMPR for the individual channels, AMPR for managing IM3s, and AMPR for overlapping adjacent channels.
4. References
[1]
R4-1805774, “WF on intra-band B41 EN-DC A-MPR”, RAN4#86bis
[2] R4-1802539, “n41 A-MPR simulations results,” Nokia, RAN4#86 

[3] R4-1802245, “A-MPR for Band n41”, Qualcomm, RAN4#86

[4] R4-1807831, “Effect of Channel Arrangements on RIM3 Products and A-MPR”, Sprint, RAN4#87

[5] R4-1807830, “A-MPR Allowance for Band 41/n41 EN-DC R-IMD”, Sprint, RAN4#87

[image: image1]