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1. Introduction
In RAN4#NRAH1801, a way forward on 41A_n41A A-MPR evaluation has been agreed [1]. One critical aspect is to further align assumptions between companies to enable comparison of A-MPR results. This contribution discusses many of those aspects and provides some possible approaches to simplify the evaluation and achieve agreements before June 2018.
2. Discussion
In [1] a way forward was proposed, but still a number of open points were left. Both are repeated here.
Way Forward:

· For first step A-MPR evaluation the following simplifications are agreed to identify critical IMD cases:
· To reveal critical IMD cases equal power is used
· Only one CC LTE and NR to start with permutation of CCs 
· LTE and NR RB allocation split proportional to respective channel bandwidths and 1RB LTE and 1RB NR should be included, at least smallest, a medium and the largest allocations and their permutations should be evaluated
· Only lowest SCS is used for NR
· Start with 1PA PC3 case to identify critical cases that can then be used for the other cases (2PA and PC2)
· Only reverse path is evaluated for the 2 PA case
· Respective LTE and NR TRX impairments are used
· This first pass will allow to identify problematic cases for refined evaluation
Open points:

· Use of equal power or equal PSD power sharing as worst case for emissions needs to be understood
· How each RAT MPR/A-MPR should be applied first to each carrier needs to be considered
· A-MPR could be applied by reducing both carriers equally or NR side only
· Single switched UL may be used alternatively if significant A-MPR is found
· Validity of reverse IMD modeling should be verified by measurements
· Critical cases need to be verified by measurements given the large bandwidth involved for the single PA scenario
At this stage, we think that further alignment and decisions about the open points are needed before going into further measurements that are cumbersome and require iterations. Some options are discussed in the coming chapters.

Note that the open point about reverse IMD modeling is discussed in a separate contribution R4-1802985 [2].
2.1. Simplification with Restricted Channel or RB Allocations
One aspect of potential simplification of the EN DC_41_n41 A-MPR evaluation has been to discuss if restraining LTE and NR channel allocations and/or their RB allocations could simplify evaluation.
One key aspect for simplification is to only derive requirements for 1CC LTE + 1CC NR in UL for Release 15. This is very critical because for contiguous RB allocations it at least guaranties that there is only two RB sub-blocks to be considered. In the same spirit, only contiguous RB allocation within one CC (LTE or NR) should have requirement for June 2018. Specifically, this means that EN DC_41_n41 combinations that includes 41C in DL should only use 41A in UL.

Proposal for Release 15 EN DC_41_n41 A-MPR requirement: 

· EN DC_41_n41 A-MPR requirement is only derived for 1 UL CC in LTE + 1UL CC in NR.
· EN DC_41_n41 A-MPR requirement is only derived for contiguous RB allocation within one CC (LTE or NR).
· EN DC_41_n41 combinations that includes 41C in DL should only use 41A in UL.
It could be discussed whether deriving requirement for contiguous LTE and NR channels only, could allow further simplification. It would certainly simplify the number of different A-MPR numbers for the requirement, but may not result in lower A-MPR value than the generic case. 

For example:

· For a LTE20 channel at lower band edge with adjacent NR100 channel, there are many IMD3 and IMD5 cases that would fall in band and would need to meet the -30dBm/MHz emission level or just below the band and would need to meet the NS04 -25dBm/MHz emission level

· In contradiction, a LTE20 channel at lower band edge and NR100 channel at highest band edge would have IMD product away enough from the band that it would benefit from B41 filter attenuation. Especially none of the high power product would fall in band.

Observation 1: Using adjacent LTE and NR channel allocation may reduce how many different A-MPR numbers and “regions” are needed but may not result in lower A-MPR value than the generic case.
Alternatively, beyond using adjacent LTE and NR channels the LTE and NR RB allocations could be placed in a quasi-contiguous arrangement and using partial allocation insuring that highest IMD products stay confined in channel thus resulting in reduced A-MPR. At this stage it is unclear if such restriction can be guaranteed in the network such that regulation is always met. 

Observation 2: Using adjacent LTE and NE channel and partial quasi contiguous LTE and NR RB allocation may reduce the number of A-MPR values together with the required worst case A-MPR. How this could be enforced in the network to guarantee that regulation is fulfilled (FFS)?
2.2. Initial Back-off and PA Operating Point for A-MPR Evaluation
One agreement for initial evaluation is that equal power sharing would be used. This means that each CC is reduced by 3dB, however, what should then be the PA calibration point for the 2 UL chain case that is available in case of 2x2MIMO support? Given the fact that before using A-MPR for the DC case, the general MPR and single CC A-MPR apply and a few cases may happen:

· If Max(MPR, single CC A-MPR) ≥ 3dB then PA operating point for is based on PCmax.

· If Max(MPR, single CC A-MPR) <3dB then PA operating point is reduced to PCmax-3dB+ Max(MPR, single CC A-MPR)
For example, for CP-OFDM outer allocations that require 3dB MPR, the PA operating point is based on 23dBm capability even if each tone is 20dBm per PA. 

Observation 3: PA operating point in 2TX chain case must account for reduced power due to equal power sharing, but still meet back-off requirements for MPR and single CC A-MPR. In the case of single TX, the PA operating point is based on PCmax.

2.3. Options for A-MPR
One aspect that is still open is how power reduction is applied for EN DC. Although there could be many options, here we will discuss two separate options:

1. Power reduction is applied simultaneously to each (LTE and NR) carriers.

2. Power reduction is applied to NR carrier only.
Since there is no evident answer to this question, here are a few pro and cons for each solution:
· Option 1 is consistent with LTE 2UL intra-band (contiguous) case.

· Option 1 is effective more rapidly as both carriers are reduced, thus IMDs drop more quickly.

· Option 1 is more consistent with co-located intra-band case, but if too high A-MPR, the anchor link may be lost.

· Option 2 is more consistent with how the UE is supposed to perform in the network as in power sharing since LTE link is prioritized.

Observation 4: There are pro and cons for applying power reduction to both LTE and NR carriers or to NR carrier only. At this time, we seek other companies, views.
2.4. Use of Single Switched UL as an Alternative to High A-MPR.
It is clear that large A-MPR will be needed in some cases, and even if LTE carrier is prioritized, the cell coverage for this EN DC 41A_n41 combination is limited for many channel and RB allocations. In such cases, it would be beneficial to switch to TDM mode to maintain the link in both RAT as the last resource. This could possibly be an alternative to A-MPR in some cases, or at some power threshold.

Observation 5: Single switched UL seems to be a valid alternative to very high A-MPR. How and when to apply is FSS and companies are encouraged to bring their views.
3. Conclusion
This contribution further discusses the need for alignment of assumptions for intra-band EN DC evaluation and provides more thoughts into some of the open points. At this time, it results in a single proposal. 
Proposal for Release 15 EN DC_41_n41 A-MPR requirement: 

· EN DC_41_n41 A-MPR requirement is only derived for 1 UL CC in LTE + 1UL CC in NR.
· EN DC_41_n41 A-MPR requirement is only derived for contiguous RB allocation within one CC (LTE or NR).
· EN DC_41_n41 combinations that includes 41C in DL should only use 41A in UL.
The following observations on simplifications are made:
Observation 1: Using adjacent LTE and NR channel allocation may reduce how many different A-MPR numbers and “regions” are needed but may not result in lower A-MPR value than the generic case.

Observation 2: Using adjacent LTE and NE channel and partial quasi contiguous LTE and NR RB allocation may reduce the number of A-MPR values together with the required worst case A-MPR. How this could be enforced in the network to guarantee that regulation is fulfilled (FFS)?

Also companies are encouraged to bring their views on the following aspects:
There are pro and cons for applying power reduction to both LTE and NR carriers or to NR carrier only. At this time we seek other companies’ views.
Single switched UL seems to be a valid alternative to very high A-MPR. How and when to apply is FSS and companies are encouraged to bring their views.
References
[1] R4-1801124, WF on 41A_n41A A-MPR evaluation, Skyworks Solutions, Inc., RAN4#NRAH1801
[2] R4-1802985, Reverse IMD modelling, simplified two tones experimental results, Skyworks Solutions, Inc., RAN4#86
3GPP


