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1. Introduction
The standalone NR specifications were completed at RAN4 #87.  Included in these specifications are A-MPR for NR refarmed bands; however, bands n50 and n74 were not completed and therefore not included.  While the specifications for A-MPR have been included in the specifications, in some cases they were completed with limited study and input from only a single or a small number of companies due to the specification completion deadline.  Additionally, the method of specifying A-MPR differs significantly from band to band, since there was little opportunity to discuss a common methodology; instead, the focus was on finishing individual band requirements.
2. Discussion

2.1. Relationship between MPR and A-MPR

The specifications indicate that in general, unless otherwise noted, A-MPR should be additive to MPR.  However, the specifications are not necessarily defined in this manner.  Looking only at the total backoff as MPR + A-MPR, i.e., neglecting the other terms of backoff such as P-MPR, DTIB, etc, the following approaches have been used
	MPR only (A-MPR is zero)
	NS_01, NS_06, NS_35

	MPR + A-MPR
	NS_02, NS_03

	If A-MPR’ = 0, then MPR

Otherwise, max(MPR, A-MPR’)
	NS_04

	If DFT-S-OFDM, then Max (LTE MPR + LTE A-MPR, NR A-MPR)

If CP-OFDM, then Max (LTE MPR + LTE A-MPR, NR A-MPR + NR MPR)
	NS_10

	0 dB for inner RB allocations for DFT-S-OFDM Pi/2 BPSK and QPSK

Otherwise 1 dB

MPR + A-MPR if CP-OFDM
	NS_07

	If DFT-S-OFDM, then MPR
If CP-OFDM, then MPR + A-MPR
	NS_05

	Max(MPR, A-MPR)
	NS_08, NS_09

	Max (LTE MPR + LTE A-MPR, NR MPR + NR A-MPR)
	NS_40


It can be seen that the calculation for total backoff is wildly inconsistent from band to band.  This leads to confusion and increases the probability for misinterpretation or errors in the specification.  It would be beneficial to agree on a consistent approach allowing for as few exceptions as possible.  
The motivation for defining total backoff as the sum of MPR and A-MPR is an assumption that the emission requirements address by each of these are separable.  The general emission requirements such as ACLR, SEM, in-band emissions, EVM are fulfilled by MPR, whereas deployment-specific additional spurious emission requirements are met by A-MPR.  When this assumption holds, A-MPR values can be derived independently of general requirements.  For example, A-MPR tables need not consider modulation type since the additional impact of higher order modulation can be accommodated by the MPR.  However, if the backoff for emission is dominated by some other aspect, then modulation may be irrelevant anyways.  On the other hand, one disadvantage of summing MPR and A-MPR is that the A-MPR table becomes more complicated since the regions defined for MPR and A-MPR do not overlap exactly.
Since simulations are typically run to compute total backoff, then it is proposed to simplify the formulation by NOT making A-MPR additive to MPR.  Two options to consider are total backoff = A-MPR, or total backoff = max(MPR, A-MPR).  We propose max(MPR, A-MPR).
Proposal:  Total backoff is agreed as max(MPR, A-MPR) when NS is signaled.  All bands should follow this convention as much as possible.
2.2. Relationship to LTE

In the discussions on A-MPR, due to limited time for in-depth technical analysis from multiple companies, it was suggested that one way to check values was to compare against LTE.  For similar waveforms (DFT-S-OFDM) and the same emission requirements, it could be reasonably expected that the total backoff for NR should be approximately the same as the total backoff for LTE.  While this was intended to only be a guideline for the sake of sanity checking, the idea of reusing the same total backoff as LTE was adopted as a specification for some bands.  However, the result is that the A-MPR is awkwardly written because the MPR formulation for LTE is very different from that of NR (LTE uses the length of the transmission whereas NR uses inner/outer regions), LTE does not have a CP-OFDM waveform so no reuse is possible for those set of waveforms, and the NR A-MPR specifications now must reference LTE MPR + A-MPR values.  Moreover, the LTE requirements and assumptions are not identical with NR so the backoff may not be exactly the same from a technical perspective.  While it is still valuable to cross check NR total backoff against LTE total backoff, it is proposed that the NR specification should not be a reuse of LTE specifications.
As one example, we consider the A-MPR defined for NR band n41 as compared to that for LTE band 41.  This example is insightful since NR A-MPR for n41 was studied by multiple companies independently from LTE A-MPR.  A comparison between total backoff as specified for NR and LTE subject to NS_04 is shown below.  In this example, 20 MHz LTE, QPSK modulation, centered at 2506 MHz was compared against 20 MHz NR at the same center carrier frequency with QPSK modulation, DFT-S-OFDM, and 15 kHz SCS.  The LTE and NR total backoff is plotted below.
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It can be seen that the total backoff as determined independently for LTE and NR is similar, but not exactly the same.  This is to be expected since the emission requirement is the same and in this example is dominated by the NS_04 additional spurious emission requirement for low channels in the band.  However, the third plot illustrates the difference in total backoff between LTE and NR formulations.  It can be seen that the difference in total backoff for most waveforms is within a dB or two, but for some waveforms can be as much as 4 dB with either NR having larger backoff or LTE having larger backoff.  Therefore, we conclude that comparing total backoff between LTE and NR is a useful guideline and check, but should not be relied upon to define the specification in lieu of a dedicated study for NR.
Proposal:  A comparison between total backoff for NR and total backoff for LTE can be useful for sanity checking, but should not be used as the basis for NR specifications.

We prefer to avoid directly referencing LTE MPR + A-MPR in the NR specifications.
2.3. Approach to building A-MPR tables
Different approaches have been used in the formats of the A-MPR tables.  For some bands, the inner and outer regions that have been defined for MPR are reused for A-MPR.  However, due to coarse granularity in the inner and outer regions, the definitions have been supplemented by additional notes.  Moreover, separate tables are defined for specific channel bandwidths located at specific channel center frequencies.  For example, 9 separate tables are defined for NS_08 in Band 1 and 3 separate tables for NS_09 in Band 8.  However, since each table is dedicated to a particular channel bandwidth and center frequency, there is no specification for other center frequencies.  It is understood that based on current operator holdings and deployment plans, only these specific channel bandwidths and center frequencies are intended to be deployed, however, the specifications should be written more generally in case holdings or plans change in the future.  Also, there are notes listing additional constraints such as “LCRB > xx for 15 kHz SCS”, but there is no constraint for 30 kHz SCS.  Therefore, it is unclear whether there is no A-MPR at all for 30 kHz SCS, or no additional constraint, meaning that the A-MPR applies for all LCRB.
Another approach taken for NS_04 in Band n41 is to define regions according to IM3 and spectral regrowth impact to additional spurious emissions and SEM requirements.  This approach can be more optimal since it freely defines regions according to the required emissions protection regions rather than to necessarily conform to the inner/outer region definitions for MPR.  However, because the regions are different than inner/outer, it makes the formulation of total backoff = MPR + A-MPR tedious.  Furthermore, the current specification defines an intermediate term A-MPR’ which may not be needed.  The intention is that total backoff = max(MPR, A-MPR’) and A-MPR’ = min(MPR, A-MPR’) when it is assumed that MPR and A-MPR’ are always greater than or equal to zero.  However, this may be abbreviated as total backoff = max(MPR, A-MPR) without introducing A-MPR’.  Also, the approach of defining regions based on IM3 reach and spectral regrowth is specific to the band and emission requirement.  For other bands, there may be other factors to also consider (IM3, counter-IM3, etc.) making it difficult to generalize this approach.
It is difficult to generalize any single approach to all bands for A-MPR.  Whether inner/outer or specialized regions are used depends on the emission requirements.  For emission requirements that are symmetric (i.e., SEM), then inner/outer may be more suitable, but for those emission requirements dominated by an additional spurious emission, then some other region definition may be better.  However, it should be desirable to minimize the number of tables, notes, and other exceptions as much as possible.  
3. Conclusion

Although the A-MPR tables for refarmed NR bands in FR1 are largely completed, this contribution has highlighted a number of reasons for revisiting them to improve their format and accuracy as well as to improve the consistency between bands.  The following specific proposals have been presented.

Proposal:  Total backoff is agreed as max(MPR, A-MPR) when NS is signaled.  All bands should follow this convention as much as possible.

Proposal:  A comparison between total backoff for NR and total backoff for LTE can be useful for sanity checking, but should not be used as the basis for NR specifications.

For the A-MPR table format, a specific proposal was not made in this contribution since the emission requirements vary from band-to-band and a generalized approach may be overly restrictive.  The format of the table should be designed in a way to optimize the A-MPR with respect to the associated requirements.  There will always exist a tradeoff between complexity of the specification and optimization of A-MPR in terms of the number of regions specified in the table.  However, we suggest to minimize where the number of notes, exceptions, specialized requirements for specific frequencies or configurations.
If it is agreed to revisit A-MPR tables, the band dependent work to define test cases in RAN5 may be delayed as a consequence.
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