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Introduction
In Release 15, intra-band contiguous and non-contiguous ENDC MPR/AMR studies where focused on DC_(n)41, DC_41_n41 and DC_(n)71. As a result the specification only cover 1PA architecture AMPR for DC_(n)71 as benefits of 2PA is questionable due to low isolation and performance of antennas and 2 PA architecture MPR/AMR for band n41 cases. As a result no MPR is yet specified for a 1PA architecture, in this contribution we provide a first set of data covering contiguous and non-contiguous cases, PC2 and PC3 cases and inner outer allocations as defined in [1] for this architecture.
Discussion
Assumptions for Back-off Evaluation and Measurement Plan
As is normally the case for 3GPP studies, the PA is calibrated for 1 dB MPR for 100RB0 20 MHz DFT-s-OFDM QPSK waveform and 30 dBc ACLR for PC3 and 31 dBc for PC2. The  
· Transceiver impairments of 28 dBc image and carrier leakage are added => reveals critical issue for in gap ACLR
· Single transmit path
· P_ENDC=P_LTE+PNR is varied for P_LTE and P_NR power pairs such that P_LTE-P_NR is selected from 17.9, 13.3, 9.1, 5.9, 3.8, 2.3, 0.9, 0.0, -0.9, -2.3, -3.8, -5.9, -9.1, -13.3, -17.9 dB therby allowing to verify back-off needed across various P_LTE and P_NR pairs and define related contours but also the need to drop NR for large PSD differences
· LTE CC is 20 MHz and NR CC 40 MHz with 15 kHz SCS, contiguous case (denoted as L20N40G0) and  non-contiguous case with 20 MHz gap (denoted as L20N40G20)
· On NR side, CP-OFDM QPSK waveforms are predominantly used but DFT-s-OFDM behavior is also verified for 1RB+1RB and full allocation.
· SEM, ACLR and spurious emissions are assessed for NS01 and NS04 and IMD order 3, 5 and 7 peaks measured in 1 MHz to assess inner and outer allocation types spurious performances
· Back-off is evaluated for inner and outer definitions as seen in chapter 2.1.2 and 2.2.2 of [1]
· Measured allocations in size order for both contiguous and non-contiguous intra-band ENDC inner and outer assessment as follows:
· Worst case outer: LTE 20 MHz 1RB0 + NR 40 MHz 1RB215 CP-OFDM and DFT-s-OFDM
· Best case inner: LTE 20 MHz 1RB99 + NR 40 MHz 1RB0 CP-OFDM and DFT-s-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 1RB0 + NR 40 MHz 2RB214 CP-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 2RB0 + NR 40 MHz 1RB215 CP-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 2RB0 + NR 40 MHz 2RB214 CP-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 3RB0 + NR 40 MHz 3RB213 CP-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 2RB0 + NR 40 MHz 4RB212 CP-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 6RB0 + NR 40 MHz 6RB210 CP-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 8RB0 + NR 40 MHz 4RB212 CP-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 1RB0 + NR 40 MHz 20RB196 CP-OFDM
· Outer, inner based on IMDs: LTE 20 MHz 20RB0 + NR 40 MHz 20RB196 CP-OFDM
· Measured allocations in size order for both contiguous and non-contiguous intra-band ENDC outer only as follows:
· LTE 20 MHz 1RB99 + NR 40MHz 108RB108 CP-OFDM: specific for LTE ACLR due to IMD3
· LTE 20 MHz 50RB0 + NR 40MHz 108RB108 CP-OFDM
· LTE 20 MHz 100RB0 + NR 40MHz 108RB0 CP-OFDM specific for in gap  LTE ACLR due to NR image in non-contiguous case
· Full allocation: LTE 20 MHz 100RB0 + NR 40 MHz 216RB0 CP-OFDM and DFT-s-OFDM
Measurements are done in Band n41 as it has been the main driver for these studies in Release 15, but the NS01 results are transposable to bands above >1 GHz, notably DC_3_n3.

These measured results are not as exhaustive as simulation might be, but this measurement set already provides a large amount of data and since for 2CC case there is no real “triangle” presentation feasible. To ease the analysis, the results are provided for inner and outer cases with either P_ENDC versus P_LTE-PNR or P_LTE and P_NR back-off contours.

It is hoped that these results and especially the inner outer definitions and results encourages more companies to contribute with measurements and/or simulations.

For the analysis beyond the ACLR, SEM and spurious the following analysis is performed on IMD products:
· NS01 DC_(n)41 outer: IM3 < -13 dBm/MHz and IM5 < -30 dBm/MHz
· NS01 and NS04 DC_(n)41 inner: IM5 < -13 dBm/MHz and IM3 level reported to gage in band performance
· NS04 DC_(n)41 outer: IM3 < -13 dBm/MHz and IM5 < -25 dBm/MHz
· NS04 DC_(n)41 OOB: IM3 < -25 dBm/MHz
· NS01 DC_41_n41 outer: IM3 < -30 dBm/MHz
· NS01 and NS04 DC_41_n41 inner: IM3 < -13 dBm/MHz and IM5 < -30 dBm/MHz 
· NS04 DC_41_n41OOB: IM3 < -25 dBm/MHz
PC2 DC_(n)41 NS01 Results
The results are provided with the different figures below focusing on particular allocation types:
· Figure 1a (top left) provides P_LTE and P+NR contours for worst case outer, best case and worst case inner for 1RB+1RB
· Figure 1b (top right) provides P_LTE and P+NR contours for inner and outer for small allocations from 2 to 4 RB total
· Figure 1c (bottom left) provides P_LTE and P+NR contours for inner and outer for small allocations from 6 to 40 RB total
· Figure 1d (bottom right) provides P_LTE and P+NR contours for large allocations up to full 100+216 RB total
· Figure 2a (top) provides back-off vs P_LTE-P_NR contours for allocations that can fulfill inner criteria
· Figure 2b (top) provides back-off vs P_LTE-P_NR contours for large allocations
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Figure 1: a) (top left) 1R+1RB cases, b) (top right) up to 4RB cases, c) (bottom left) up to 40RB cases, d) large allocations
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Figure 2: Back-off versus P_LTE-P_NR for outer and inner allocations a) (top) and for large allocation b) (bottom)
Observations for NS01 PC2 contiguous case (only relative back-off behavior is important and not the absolute values at this time) are as follows:
· Outer allocations require at least 11 dB back-off while inner allocations would benefit from at least 5 dB
· The outer allocations still needs more than 8 dB back-off for large allocations (see LTE 50RB0 + NR 108RB108) => case where IMD3 of whole allocation fall into ACLR measurement bandwidth
· For full allocation, it is confirmed that 6 dB is needed for ACLR limited cases
· The power sharing behavior is far from a P_ENDC max behavior for small outer allocations
· At equal power point, there is 5 to 6 dB difference in required back off between inner and outer cases of the same allocation (nRBx+mRBy with same n and m but x,y, for inner or outer)
· Some inner allocations get very close to the maximum power especially for non-equal power cases
· For NS04, inner performance should be same as NS01 as long as IM5 does not exceed the -25 dBm/MHz in OOB region
· For NS04, outer IM3 has to meet -25 dBm/MHz in some OOB cases versus -13 dBm/MHz for NS01 and requires a larger back-off
PC2 DC_41_n41 NS01 Results
The results are provided with the different figures below focusing on particular allocation types:
· Figure 3a (top left) provides P_LTE and P+NR contours for worst case outer, best case and worst case inner for 1RB+1RB
· Figure 3b (top right) provides P_LTE and P+NR contours for inner and outer for small allocations from 2 to 4 RB total
· Figure 3c (bottom left) provides P_LTE and P+NR contours for inner and outer for small allocations from 6 to 40 RB total
· Figure 3d (bottom right) provides P_LTE and P+NR contours for large allocations up to full 100+216 RB total
· Figure 4a (top) provides back-off vs P_LTE-P_NR contours for allocations that can fulfil inner criteria
· Figure 4b (top) provides back-off vs P_LTE-P_NR contours for large allocations
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Figure 3: a) (top left) 1R+1RB cases, b) (top right) up to 4RB cases, c) (bottom left) up to 40RB cases, d) large allocations
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Figure 4: Back-off versus P_LTE-P_NR for outer and inner allocations a) (top) and for large allocation b) (bottom)
Observations for NS01 PC2 non-contiguous case (only relative back-off behavior is important and not the absolute values at this time) are as follows:
· Outer allocations require at least 19 dB (probably 20) back-off while inner allocations could use at least 13 dB. Results are consistent with LTE non-contiguous UL CA at 18 dB considering that CP-OFDM and PC2 should be worse
· The large allocations still needs more than 14 dB back-off for large allocations and in some case suffer from the image issue illustrates in [2]: The 100RB+108RB cases is truncated as it is not possible to find a back-off to meet ACLR in some cases due to the Image of the NR signal falling into the ACLR gap region
· The power sharing behavior is far from a P_ENDC max behavior for all allocation. Using Ptotal ENDC will force NR to be dropped for much earlier than needed for non-equal power cases
· At equal power point there is 6 to 7 dB difference in required back off between inner and outer cases of the same allocation (nRBx+mRBy with same n and m but x,y, for inner or outer)
· For NS04, performance should be slightly better than NS01 as IM3/IM5 limits will be -25 dBm/MHz instead of -30d Bm/MHz
PC3 DC_(n)41 NS01 Results
The results are provided with the different figures below focusing on particular allocation types:
· Figure 5a (top left) provides P_LTE and P+NR contours for worst case outer, best case and worst case inner for 1RB+1RB
· Figure 5b (top right) provides P_LTE and P+NR contours for inner and outer for small allocations from 2 to 4 RB total
· Figure 5c (bottom left) provides P_LTE and P+NR contours for inner and outer for small allocations from 6 to 40 RB total
· Figure 5d (bottom right) provides P_LTE and P+NR contours for large allocations up to full 100+216 RB total
· Figure 6a (top) provides back-off vs P_LTE-P_NR contours for allocations that can fulfil inner criteria
· Figure 6b (top) provides back-off vs P_LTE-P_NR contours for large allocations
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Figure 5: a) (top left) 1R+1RB cases, b) (top right) up to 4RB cases, c) (bottom left) up to 40RB cases, d) large allocations
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Figure 6: Back-off versus P_LTE-P_NR for outer and inner allocations a) (top) and for large allocation b) (bottom)
Observations for NS01 PC3 contiguous case (only relative back-off behavior is important and not the absolute values at this time) are as follows:
· Outer allocations require at least 11 dB back-off while inner allocations could use at least 4 dB
· The outer allocations still needs more than 7 dB back-off for large allocations (see LTE 50RB0 + NR 108RB108)
· The power sharing behavior is far from a P_ENDC max behavior for small outer allocations
· At equal power point there is 6 to 7 dB difference in required back off between inner and outer cases of the same allocation (nRBx+mRBy with same n and m but x,y, for inner or outer)
· Some inner allocation get very close to the maximum power especially for non-equal power cases
· For NS04 inner performance should be same than NS01 as long as IM5 does not exceed the -25 dBm/MHz in OOB region (TBC)
· For NS04 outer IM3 has to meet -25 dBm/MHz in some OOB cases versus -13 dBm/MHz for NS01 and requires a larger back-off

PC3 DC_41_n41 NS01 Results
The results are provided with the different figures below focusing on particular allocation types:
· Figure 7a (top left) provides P_LTE and P+NR contours for worst case outer, best case and worst case inner for 1RB+1RB
· Figure 7b (top right) provides P_LTE and P+NR contours for inner and outer for small allocations from 2 to 4 RB total
· Figure 7c (bottom left) provides P_LTE and P+NR contours for inner and outer for small allocations from 6 to 40 RB total
· Figure 7d (bottom right) provides P_LTE and P+NR contours for large allocations up to full 100+216 RB total
· Figure 8a (top) provides back-off vs P_LTE-P_NR contours for allocations that can fulfil inner criteria
· Figure 8b (top) provides back-off vs P_LTE-P_NR contours for large allocations

[image: ][image: ][image: ][image: ]
Figure 7: a) (top left) 1R+1RB cases, b) (top right) up to 4RB cases, c) (bottom left) up to 40RB cases, d) large allocations
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Figure 8: Back-off versus P_LTE-P_NR for outer and inner allocations a) (top) and for large allocation b) (bottom)
Observations for NS01 PC3 non-contiguous case (only relative back-off behavior is important and not the absolute values at this time) are as follows:
· Outer allocations require at least 18 dB back-off while inner allocations could use at least 12 dB. Results are consistent with LTE non-contiguous UL CA at 18 dB. Higher PAPR for CP-OFDM may make that number slightly worse.
· The large allocations still needs more than 12 dB back-off for large allocations and in some case suffer from the image issue illustrates in [2]: the labels are swapped, the issue is for 100RB0 LTE + 20 MHz gap + 40 MHz 108RB0 NR: the image of NR allocation fall fully onto the in gap ACLR region.
· The power sharing behavior is far from a P_ENDC max behavior for all allocation. Using Ptotal ENDC will force NR to be dropped for much earlier than needed for non-equal power cases
· At equal power point there 5 dB difference in required back off between inner and outer cases of the same allocation (nRBx+mRBy with same n and m but x,y, for inner or outer)
· For NS04 performance should be slightly better than NS01 as IM3/IM5 limits will be -25 dBm/MHz instead of -30 dBm/MHz
Summary of Study and Proposed Way Forward
To summarize the large amount of data, we will not propose any MPR/AMPR numbers but rather we can conclude from the study that inner allocations as proposed in [2] can provide from 5 to 7 dB improvement in power. Also, it is important to further look into the power sharing aspects as the application of the current Ptotal approach is detrimental for non-equal power cases.
Finally, the 1PA architecture measurements has revealed major issues with in gap ACLR due to image but also there is issue for large allocation configurations where the IM3 falls into one of the outer ACLR range and requires large back-off, this was not visible in a 2PA case and solutions should be developed in RAN4.
Proposal for intra-band contiguous and non-contiguous 1PA ENDC MPR evaluation are:
· Inner and outer allocations (as in [2]) are evaluated for different MPR (at least for QPSK and 16QAM)
· To finalize inner allocation assessment, the need for in band-emissions and EVM requirements in 2CC configuration must be decided
· The issue with image falling in gap needs resolution for non-contiguous case in one of the following alternatives:
· Alternative 1: relax in gap ACLR by 3dB as it is comparable to two separate UEs transmitting next to each other
· Alternative 2: assume that 1PA ENDC capability is associated with UL 256QAM support and use 35dBc
· Alternative 3: Remove in gap ACLR requirement for 1PA case.
Conclusions
In this contribution, we provide an initial set of back-off measurements for 1PA PC2 and PC3 architecture for intra-band contiguous and non-contiguous ENDC using inner/outer allocation definitions from [2]. NS01 back-off behavior versus power sharing is presented with possible optimization using inner/outer allocations concept. Due to time limitations, NS04 performance was not analyzed in detail, but difference to NS01 are discussed.

Proposal for intra-band contiguous and non-contiguous 1PA ENDC MPR evaluation are:
· Inner and outer allocations (as in [2]) are evaluated for different MPR (at least for QPSK and 16QAM)
· To finalize inner allocation assessment, the need for in band-emissions and EVM requirements in 2CC configuration must be decided
· The issue with image falling in gap needs resolution for non-contiguous case in one of the following alternatives:
· Alternative 1: relax in gap ACLR by 3dB as it is comparable to two separate UEs transmitting next to each other
· Alternative 2: assume that 1PA ENDC capability is associated with UL 256QAM support and use 35dBc
· Alternative 3: Remove in gap ACLR requirement for 1PA case.
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