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Introduction
In RAN4#92 meeting, a way forward [1] was agreed to provide inputs for improved NS04 AMPR and NS01 MPR for DC_41_n41 and DC_(n)41 by evaluating the gain related to an increased antenna isolation from 10 dB to 13 dB. In this contribution we further discuss the potential improvements and necessary margins for the different AMPR and MPR cases for DC_41_n41 and DC_(n)41.
Discussion
The way forward [1] related to back-off improvements is the following:
· Companies are encouraged to bring A-MPR measurement data for:
· Antenna isolations of 10 dB and 13 dB
· Post PA loss of 4 dB
· Power Class 2 Tx chains (LTE and NR)
· Equal Power on LTE and NR
· Various allocation combinations with range of aggregate BWs, with focus on “worst case” combinations  (assumed to be near-equal allocation BWs).
· Determine backoff required to meet -13, -25, and -30 dBm/MHz SEM, and ACLR limits
· Goal is to take data from multiple sources and define new A-MPR curves accommodating different implementations.  New A-MPR curve will be associated with Modified MPR bits and thus would be optional.

In RAN4#92, we already provided input in [2, 3] for antenna isolation improvements and improvements available from using the inner allocation concept [4] which we further discuss in this meeting in [5].

For this meeting, we have done APT PA measurements for DC_41_n41 and DC_(n)41 for both 10dB and 13dB antenna isolation and evaluating both inner and outer allocations. 

In addition to the way forward suggestion, we have done the measurements across a number of LTE and NR CC power pairs which is important as the equal power case is not the worst one due to PA IMD asymmetry and PSD differences. 

This resulted into close to 100.000 test points, which we only have partial analysis for the non-contiguous case which is the most critical. This document has an annex part where some of the data will be provided in a later revision for information.

Nevertheless, we have enough data analysis from this measurement batch and a lot of experience gained from all the data collected for this combination in the past 18 months to discuss the potential gains and margin required together with the understanding of the different PA type behavior.
Comparing 3GPP, APT and ET PA types and Data.
Thanks to the data measured by different companies we have data for different types of PAs and some of the behaviors can be compared provided that it is understood that the agreeable MPR/AMPR values should be feasible by any implementations and that APT and ET cases offer different trade-offs for the back-off in different regions and depending on the IMD product level to be reached.

Skyworks always provided data using linear PA at the 3GPP calibration point (PA compressed until reaching ACLR limit) and then only applying back-off

In real implementations, APT PAs do have margin to ACLR and thus have more headroom to start with, however VCC is also reduced with output power thus the linearity improvement is not as fast with back-off as for the 3GPP mode. Given this, we believe the margin provided by the 3GPP approach is sufficient to cover APT for back-offs up to at least 6 dB. For higher back-off values, the 3GPP approach performs better than APT and additional margin is required to enable all implementation, this is why we always carefully judge our data before making MPR/AMPR proposals accounting for the additional margins when required. 

The ET data provided is important as it also shows that it can be in some cases worse or better than the 3GPP approach. Still, in this case ET is used only on the LTE side and NR side uses APT. Thus the potential gains should be judged for both sides as the AMPR is used for each side and for back-off per RAT with variable LTE power level. Note that the back-off is always applied on the NR side thus APT in the given example.

In general, the ET data shows that ET performs better than our data based on 3GPP approach for ACLR region and low back-off cases but is worse in narrow allocation region especially for low required dBm/MHz IMD products. This is well understood as the data provided uses DPD to start with good ACLR thus some headroom at low back-off but since an ET PA is close to saturation for a large power range, the headroom does not improve as fast as for the 3GPP approach or even APT. It must be noted than DPD could also be used for APT.

When comparing the different data versus isolation it is also clear that we see different behaviors, but essentially the gains are lower for cases where higher back-off are needed and 

Since it would take more than one 3GPP release to find an agreement on how to account for exact UE implementations and there are only a few companies providing measured data we believe that the best approach is to trust the 3GPP approach for back-off levels up to 6-8 dB and then carefully assess the needed margin beyond these levels. The data presented in [1] across 10 dB and 13 dB is consistent with the above conclusions. 

Observation 1: 
· The 3GPP calibration approach well covers all implementations for back-off levels up to 6-8 dB levels, beyond that real implementations using ET or ATP need additional margin as their linearity improvement vs back-off does not progress as fast as they are maintained closer to compression to improve efficiency.
· The improvement shown by the ET implementation must account for the fact that the back-off is taken on the NR side which is APT and that ACLR region performance is related to DPD training.

Given the above and based on past measurements data from a limited set of vendors and our measured data for this meeting partial analysis we propose to then discuss the potential improvement regions on by one according to the different cases. We will first discuss if improvements are feasible for the baseline 10dB isolation case, then discuss the improvement related to the 13dB isolation case.
Potential Improvements for -13 dBm/MHz Case
In Figure 1, we reproduce the -13 dBm/MHz case plots from [1] and name the different potential improvement regions (A, B, C, D).
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Figure 1: AMPR to meet -13 dBm/MHz and ACLR requirements for 10 dB (right) and 13 dB (left) antenna isolation
One of the first aspects to discuss is that although the different diagrams call for the different spurious emissions requirement and IMD3 products, in fact the back-off curve should be valid for all IMDs and SEM and ACLR. However, it must also be understood that the back-off curve should be valid across different LTE power levels and back-off taken on the NR side only.

As such, the -13 dBm/MHz curve is used for:
· Intra-band contiguous NS01 ENDC MPR (generic for > 1GHz) - based on -13 dBm/MHz IMD3 SEM and -30 dBm/MHz IMD5 SEM + ACLR
· Intra-band contiguous and non-contiguous (DC_(n)41 and DC_41_n4) NS04 ENDC A-MPR – based on the fact that IMD3 falls into the -13 dBm/MHz SEM or OOB range
· Valid for 2 PA PC2 ENDC (based on two PC2 PAs) and PC3 ENDC (based on two PC3 PAs)

In order to discuss the different regions it is essential to determine which one are ACLR limited (large allocations) and which ones are emission limited with SEM or spurious emissions (narrow ones).

Since we are mostly interested by the strong IMD3 products, the needed back-off is directly proportional to the PSD once they use more than 1 MHz which is for 4RB total at 15KHz SCS (B=0.56), asymmetric RB allocation should be taken into account as 1+9RB PSD is different to 5+5RB one. To conservative, we can say that once the PSD gain is larger than 16 dB the ACLR requirement starts to dominate. Thus the emission vs ACLR limit can be safely placed at B=5 MHz which correspond to a worst case 17 dB PSD gain versus the 2RB+2RB case.
10 dB isolation case
For the 10 dB isolation case, regions A and B are in the emission dominated range, regions D is in the ACLR dominated range and C overlap both ranges.
A region improvement is obvious as the same back-off number is used to reach -13 dBm/MHz than for -25 dBm/MHz, the 12 lower target should require significantly less back-off. In our data the average difference for B up to 0.56 MHz is 2.7dB, it must be noted that this average is across different allocation types (1+1, 1+2, 2+1RB) but also across the full P_LTE to P_NR range (difference from -18 to +18 dB). Now comparing with the different data, 3dB improvement seems fully justifiable.
B region improvement starting from B=1 to 2 MHz can be set relative to the point where B=0.5. In our measurements the average difference is about 1dB which is also consistent with the ET data and can be explained that the PSD gain is not 3dB when comparing 3+3 and 2+4RB cases with 4+8 and 6+6 cases.
In the C and D regions ACLR must be met across any P_LTE and PNR cases and given the AMPR total approach to decide on NR back-off at different LTE levels, the level must be at least 6dB to enable NR CP-OFDM to be limited to 23dBm in accordance to stand-alone MPR. 
Actually, in our measurements, we have seen in the cases of higher NR power (which is feasible if NR has 273RB and LTE has 1RB) the 3dB stand-alone MPR (equivalent to 6dB ENDC back-off is not sufficient) as shown in Figure 1b below. This can be explained because the presence of the LTE blocker concentrates the spectral regrowth in one the adjacent channel creating an asymmetry and thus higher ACLR than for the stand-alone case. 
The black curve is the AMPR total curve of 6 dB, the red curve if the 26 dBm power sharing curve.
The green curve is for CP-OFDM on the NR side and the blue curve is for DFT-s-OFDM.
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Figure 1b: P_NR versus P_LTE curve for ACLR limited cases
Figure 1 curve is for the 13 dB isolation case but is similar to the 10 dB case since it is related to the NR side power. It is using full allocation LTE 20 MHz + full allocation NR 40 MHz case with 20 MHz gap.
What is observed from Figure 1b is first that on the LTE side (right side of the graph) the power is only limited slightly below 26 dBm, as such the LTE power could be set up to 25 dBm in accordance to LTE MPR. As such the AMPR total curve is not allowing the LTE power to reach its maximum unless NR is dropped.
On the NR side (top side of the graph) it can be seen the DFT-s-OFDM is OK with the 6dB AMPR total but CP-OFDM would require at least 1 dB more. The 2 dB delta is consistent with their PAPR difference and the stand-alone MPR difference.
It must be noted that the 6 dB PSD difference drop does not enable the UE to solve the issue if NR is full allocation and LTE narrow RB allocation which is a reasonable case for data on NR side and only control or voice.
Observation for ACLR, valid in all cases: 
· For CP-OFDM the 6 dB AMPR total would need to be at least 7 dB to solve the case where NR has most of the power and 6 dB PSD check cannot solve the issue
· DFT-s-OFDM has about 1 dB margin
· SC-FDMA has about 2 dB margin
· Unless power sharing mechanism for AMPR is revisited the ACLR dominated region has to stay at 6 dB (assuming that the 1 dB missing for CP-OFDM can be absorbed in the ACLR margin of real implementations) => for B > 5 back-off is 6 dB minimum.
· This is valid for both 10 and 13 dB isolation 

Observations for -13 dBm/MHz curve, at 10 dB antenna isolation, we believe the best case consensus is for:
· A improved to 12 dB for B<0.5
· A stays at 10 dB for B between 0.5 and 1
· A stays at 8 dB for B between 1 and 2 (note that most data show less than 2 dB delta between this section and the previous one)
· A stays at 6 dB For B>2 to account for ACLR across full LTE and NR power range but could be improved only if AMPR total mechanism is changed.
· This is valid for both NS04 AMPR and NS01 contiguous ENDC MPR
13 dB isolation case
For the 13 dB isolation case, the easiest is to discuss directly the gain versus the 10 dB case for the ranges that are emission limited. The ACLR limited range is independent of the coupling at a first order as it is related to the case with large NR and LTE power difference so gains should not be anticipated there at least not lower than 6 dB.

In general what is observed in our data and the ET data is that average gain for moderate back-off is higher than for large back-off. This can be explained by the fact that the reverse IMD behavior is not linear and does not improve as fast for large back-off as the PA biasing (both ET and APT) depends on the signal power. On average 1-2 dB improvement is observed for narrow allocations (B<2 MHz). Our data across all power range shows a 1.4 dB average improvement and 1.5 dB improvement should be feasible.

Observations for -13 dBm/MHz curve, at 13 dB antenna isolation, we believe the best case consensus is for:
· A improved to 10.5 dB for B<0.5
· A improved to 8.5 dB for B between 0.5 and 1
· A improved to 6.5 dB for B between 1 and 2. To simplify further, this could be reduced to 6 dB and merge with the ACLR range.
· A stays at 6 dB for B>2 to account for ACLR across full LTE and NR power range but could be improved only if AMPR total mechanism is changed.

Potential Improvements for -25 dBm/MHz Case
In Figure 2, we reproduce the -25 dBm/MHz case plots from [1] and name the different potential improvement regions (A, B, C, D).
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Figure 2: AMPR to meet -25 dBm/MHz and ACLR requirements for 10 dB (right) and 13 dB (left) antenna isolation
The -25 dBm/MHz curve is only used for:
· Intra-band contiguous and non-contiguous (DC_(n)41 and DC_41_n4) NS04 ENDC A-MPR – based on the fact that IMD3 falls into the -25 dBm/MHz SEM or OOB range
· Valid for 2 PA PC2 ENDC (based on two PC2 PAs)
10 dB isolation case
Region A (B<1 MHz) does not offer any room for improvement and has been the key focus and reference for all our MPR and AMPR studies.
Region B (B between 2 and 5) show little improvement versus region A (B<1 MHz) in our data as the average difference is less than 1 dB which is also the case for the ET data. This is related to the fact that large back-off is needed especially when LTE power is high.
For Region C and D there may be some improvement feasible until the ACLR range is reached (and must stay at least 6 dB). Our average data show a 1 dB delta between B range and C range which is what is currently in the graph but is based on only one RB allocation configuration. The ET data only shows about 1 dB improvement too. As such we do not see a possibility to improve B region.

For D region which is definitively ACLR driven, there is probably possibility to reduce the back-off towards 8 dB but unfortunately our data jumps from B=7 to B=20 so it is unclear where the boundary is and should be further studied. ET data shows about a consistent 2dB improvement between B=5 and B=11 but it is unclear how much is related to the DPD benefits.
Observations for -25 dBm/MHz curve, at 10dB antenna isolation: 
· At this stage, it is not possible to identify room for improvement for B between 0 and 5 MHz
· For above 5 MHz, an improvement should be feasible in the ACLR dominated region but we lack of data to clarify where this transition would occur
13 dB isolation case
For the high levels of back-off required for narrow allocations, all the data we have and the ET data show that only 1dB improvement may be feasible across the board.
Observations for -25 dBm/MHz curve, at 13dB antenna isolation: 
· At this stage, the 10 dB isolation curve may be reduced overall by 1 dB
· For above 5 MHz, an improvement should be feasible in the ACLR dominated region but we lack of data to clarify where this transition would occur and should be derived first for the 10 dB case.
Potential Improvements for -30 dBm/MHz Case
In Figure 3, we reproduce the -30 dBm/MHz case plots from [1] and name the different potential improvement regions (A, B, C, D).
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Figure 3: AMPR to meet -30 dBm/MHz and ACLR requirements for 10dB (right) and 13dB (left) antenna isolation
As such, the -30 dBm/MHz curve is used for:
· Intra-band non-contiguous NS01 ENDC MPR (generic for > 1GHz) - based on -30 dBm/MHz IMD3 Spurious emission + ACLR
· Valid for 2 PA PC2 ENDC (based on two PC2 PAs) and PC3 ENDC (based on two PC3 PAs)

Overall the behavior of the -30 dBm/MHz curve is identical to the -25 dBm case and the ET data confirms that a 3 dB increase verus -25 dBm/M<Hz curve is valid for narrow allocations. Also, it seems that some headroom may be available in the ACLR limited region. In addition, the 10 to 13 dB isolation gain is about 1 dB.
Observations for -30 dBm/MHz curve: 
· At this stage, it is not possible to identify room for improvement for B between 0 and 5 MHz
· For above 5 MHz, an improvement should be feasible in the ACLR dominated region but we lack of data to clarify where this transition would occur
· At this stage, the 10 dB isolation curve may be reduced overall by 1 dB
MPR for DC_3_n3 2 PA Implementation

In Release 16, DC_3_n3 intra-band non-contiguous ENDC combination has been introduced for both two PA and one PA architecture. The only difference between FDD and TDD are related to MSD in own channel which is already specified and potential back-off need for own band protection.
Given that widest channels is 20 MHz LTE channel and 30 MHz NR channel and a 20 MHz gap, the minimum back off of 15 dB is sufficient to guaranty that the second ACLR power with 50 dB duplexer attenuation meets -50 dBm/MHz as -30 dBm/MHz is guaranteed by default without any filtering.
Proposal 1: The -30 dBm/MHz MPR for the 10 dB antenna isolation is adopted as baseline DC_3_n3 2PA PC3 (with two PC3 PAs) MPR.
Potential Improvements for PC3
One aspect that has not been discussed is the potential improvement for PC3. If no improvement shall be anticipated for the ACLR region, for the narrow allocations, the IMD power should start at least 2dB lower than for PC2 (3dB power minus 1dB ACLR linearity). One way to mimic this is basically to use the PC2 13 dB isolation curve and use it for the PC3 10 dB curve.
Inflexion Points in the Back-off Curves
It may be seen as inconsequential, but the current inflexion points are not multiples of 180 kHz. Thus some allocation just fall off the cliff: for example the 1RB+2RB is 0.54 and thus see less AMPR but yet has a very similar PSD than the 1RB+1RB case same for 1RB 15 kHz + 1RB 30kHz. It would probably help to use 0.54, 1.08, 2.16 MHz for the first inflexion points.
Proposal 2:
· B = 0.5 MHz is changed to B = 0.54 MHz
· B = 1 MHz is changed to B = 1.08 MHz
· B = 2 MHz is changed to B = 2.16 MHz
· Other values can stay integer MHz
Potential Improvements for Inner Allocations
In the last meeting, we have discussed in [3, 4] the benefit of inner allocations for both contiguous and non-contiguous allocations. Especially these are the only ones that may allow reaching 29 dBm. Since then we had a look at non-contiguous case in the data measured for this meeting and we also had the data for contiguous case from last meeting
Figure 4 is taken from [3] for contiguous intra-band ENDC DC_(n)41 and Figure 5 from our partially analyzed data for non-contiguous case DC_41_n41.
In Figure 4:
· plain curves are outer allocations while dashed curves are inner allocations
· the black dashed curve is the 26 dBm power sharing curve
In Figure 5:
· light green and light blue curves are for outer CP-OFDM and DFT-s-OFDM 1RB+1RB allocations respectively
· dark green and dark blue curves are for inner CP-OFDM and DFT-s-OFDM 1RB+1RB allocations respectively
· the purple curve is the best case inner 1RB+1RB
· the red curve is the 26 dBm power sharing curve
[image: ]
Figure 4: Inner and outer allocations for contiguous case and narrow allocations
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Figure 5: Inner and outer allocations for non-contiguous case and narrow allocations
Since this is raw data the absolute values should not be interpreted as potential values for an AMPR proposal.
Still, the delta between inner and outer allocation is of interest, especially on the NR side. 
For the non-contiguous case at best 3 dB improvement can be anticipated for inner allocation but these are very constrained in terms of Gap to channel BW scenarios.
For the contiguous case up to 6 dB improvement may be feasible for inner allocation and these are more a significant proportion of all possible allocations for the contiguous case. Also note that for this case it is possible to exceed 26 dBm total, while it is not the case for the worst case inner allocations for the non-contiguous case.
Proposal 3: Given that the potential gain is lower and less frequent for the non-contiguous 2 UL case we propose to focus the study on inner allocation to the contiguous case.
Conclusions
In this contribution, we discuss in detail the different opportunities for back-off improvements. The measured data is not yet fully analyzed but a lot of observations are already valid and provided for the different cases. When feasible formal proposals are made.

Proposal 1: the -30dBm/MHz MPR for the 10 dB antenna isolation is adopted as baseline DC_3_n3 2PA PC3 (with two PC3 PAs) MPR.
Proposal 2:
· B = 0.5 MHz is changed to B = 0.54 MHz
· B = 1 MHz is changed to B = 1.08 MHz
· B = 2 MHz is changed to B = 2.16 MHz
· Other values can stay integer MHz

Proposal 3: Given that the potential gain is lower and less frequent for the non-contiguous 2 UL case we propose to focus the study on inner allocation to the contiguous case.

Many essential observations on ACLR, AMPR total behavior, improvement vs antenna isolation can be found in the body of the contribution. 
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Annex: Measurement Results
[bookmark: _GoBack]At the time of the contribution only partial analysis of the DC_41_n41 case for 10 dB and 13 dB antenna isolation is available. It is not in a form that can be given here. We will provide a later revision with enough data presented to support the discussion in the paper. This will include data for DC_(n)41 also.
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