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1. Introduction
In RAN#82, a pair of CRs [1, 2] has been approved to translate RAN4 agreements in RAN4#89 on the total AMPR and power sharing mechanism for intra-band ENDC. This contribution uses this framework to assess Band 41 ENDC back-off requirements to meet -30dBm/MHz spurious emissions versus NS04 AMPR in [3,4] and propose safe related back-off values for release 15.
2. Discussion
As the -25dBm/MHz and -13dBm/MHz back-off values from NS04 AMPR can be reused for SEM for DC_41_n41 as they are subject to IMD3 we focus this contribution on MPR back-off needed for the -30dBm/MHz spurious emissions specification for DC_(n)41 and DC_41_n41 outside the US. However MPR for SEM and ACLR for DC_(n)41 are needed to have a complete picture on MPR.
2.1. MPR back-off for -30dBm/MHz

There are two different cases for MPR for intra-band 41 ENDC:

· Contiguous UL channel case DC_(n)41:  Using the aggregated LTE and NR bandwidth, the -30dBm/MHz limit only applies in the ENDC ACLR2 region which is subject of IMD5 and above products of the two UL.
· Non-contiguous UL channel case DC_41_n41: The -30dBm/MHz limit applies in the LTE or NR ACLR2 regions which are subject of IMD3 and above products of the two UL. The maximum aggregated bandwidth is 175MHz in Band 41 in China which starts at 2515MHz thus IMD3 can reach beyond the 115MHz distance to band 40.
From this it can be concluded that NS04 -25dBm/MHz IMD3 AMPR total back-off is:

· Too large for DC_(n)41 as it provides -25dBm/MHz protection for IMD3 and we are looking for -30dBm/MHz for IMD5 and at >6dB back-off the difference between IMD3 and IMD5 is >>5dB.
· Too small for DC_41_n41 as it provides -25dBm/MHz protection for IMD3 and we are looking for -30dBm/MHz for IMD3 which requires at least 2-3dB extra back-off.
2.2. Verification Across Various P_LTE and P_NR and DC_(n)41 and DC_41_n41 measurements
The analysis and measurements were conducted essentially reusing measurements performed for band 41 ENDC AMPR verification which covers up to 30000 test points for several channel and allocation configurations for both contiguous and non-contiguous UL cases:

· Test procedure and analysis of worst case scenarios can be found in [3].
· Full set of measurement results can be found in [4].
Specific MPR measurements:

· Peaks of IMD3 and IMD5 in 1MHz have been measured on both sides (IM3L, IM3H, IM5L, IM5H) and checked versus -30dBm/MHz limit. 
· Edges of the -30dBm/MHz MPR spurious emission OOB regions on both sides (M30L, M30H).
The Measured channel configurations and QPSK SC-FDMA LTE and CP_OFDM NR waveform allocations results and analysis are covered in [3] with the following observations for the DC_(n)41 and DC_41_n41 UL worst case scenario:
Observation 1 on DC_(n)41 UL using -25dBm/MHz AMPR back-off for LTE20+NR40: -30dBm/MHz MPR region that is only an issue for IMD5 in case of contiguous UL channels, is met easily with -25dBm/MHz NS04 back-off.
Observation 2 on DC_(n)41 UL using -13dBm/MHz AMPR for LTE20+NR40: -30dBm/MHz MPR region is met in all case but one marginal one (PSD difference > 16dB) with the -13dBm/MHz NS04 back-off.

Observation 3 on DC_41_n41 using -25dBm/MHz AMPR back-off for LTE20+NR40 with 20MHZ gap: -30dBm/MHz MPR region that is an issue for IMD3 in case of non-contiguous UL channels, has marginal cases for large allocations where an extra dB back-off would be required. Using -25dBm/MHz NS04 AMPR but with a plateau at 13dB rather than 12dB seems appropriate and would work with PSD difference >6dB.
Observation 4 on DC_41_n41 UL using -13dBm/MHz AMPR for LTE20+NR40 with 20MHz gap: -30dBm/MHz MPR region that is an issue for IMD3, is failed even for small allocations as obvious when applying only the -13dBm/MHz NS04 AMPR.
This set of measurements provides evidence that the Type 1UE AMPR and power sharing mechanism specification for Release 15 approved in [1, 2] is appropriate to enable UEs to meet the -30dBm/MHz general spurious emissions requirements provided some adjustments:

· Back-off values can work across the full range of LTE and NR power in almost all the cases.
· The measurements also show that PSD check is necessary in some corner cases but can probably allow a higher threshold than 6dB for the PSD difference.

In order to assess some of the margin for small allocations, some further investigation were conducted with smaller back-off and measuring IMD5 and IMD3, these are provided in table 1.

In Table 1 IMD3 and 5 have been measured for reduced back-off versus NSO4 AMPR for small allocations with less than 40RB total allocations.

· For IMD5, less than 10/8/7dB back-off regions for B<2 are sufficient with margin for -30dBm/MHz
· For -30dBm/MHz and IMD3 it shows that less than 10/8/7dB back-off regions may be sufficient
Table 1: lower back-off investigation for MPR
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21.8 16.8 23.2 9.8 -54.3 -54.7 -54.7 -54.8 -43.2 -38.3

16.8 21.8 23.3 9.7 -53.7 -54.6 -54.3 -54.1 -39.1 -35.5

22.8 9.5 23.1 9.9 -54.2 -54.6 -54.6 -54.8 -47.7 -47.9

9.5 22.8 23.2 9.8 -52.9 -54.2 -53.7 -54.1 -48.1 -36.7

19.8 20.1 23.3 9.7 -54.1 -54.8 -54.5 -54.6 -39.5 -36.0

20.8 19.0 23.2 9.8 -54.2 -54.9 -54.5 -54.6 -41.0 -36.3

19.0 20.8 23.2 9.8 -54.0 -54.8 -54.4 -54.6 -38.7 -35.2

21.8 16.8 23.4 9.6 -54.3 -54.7 -54.6 -54.7 -43.2 -38.2

16.8 21.8 23.4 9.6 -53.6 -54.5 -54.2 -54.3 -38.8 -35.5

22.8 9.5 23.4 9.6 -54.2 -54.7 -54.7 -54.8 -48.4 -47.9

9.5 22.8 23.3 9.7 -52.8 -54.1 -53.8 -54.2 -47.5 -36.4

19.8 20.2 23.4 9.6 -54.0 -54.8 -54.4 -54.6 -39.4 -36.0

20.8 19.0 23.4 9.6 -54.2 -54.7 -54.6 -54.6 -41.3 -36.5

19.0 20.8 23.4 9.6 -53.9 -54.7 -54.4 -54.5 -38.7 -35.4

22.8 9.5 23.4 9.6 -54.3 -54.6 -54.6 -54.9 -48.2 -47.6

21.8 16.8 23.4 9.6 -54.2 -54.7 -54.6 -54.8 -43.2 -38.2

20.8 19.0 23.4 9.6 -54.2 -54.8 -54.5 -54.6 -40.9 -36.6

19.8 20.2 23.4 9.6 -54.0 -54.8 -54.5 -54.6 -39.3 -36.1

19.0 20.8 23.4 9.6 -53.9 -54.8 -54.4 -54.7 -38.6 -35.7

16.8 21.8 23.2 9.8 -53.7 -54.6 -54.3 -54.5 -38.7 -35.6

9.5 22.8 23.1 9.9 -53.3 -54.3 -53.8 -54.4 -47.6 -39.0

22.8 9.5 22.9 10.1 -56.6 -56.8 -56.9 -57.0 -51.8 -49.8

21.8 16.8 23.0 10.0 -56.4 -56.9 -56.8 -56.8 -45.6 -40.4

20.8 19.0 23.0 10.0 -56.3 -56.9 -56.6 -56.7 -43.0 -38.7

19.8 20.2 23.1 9.9 -56.2 -56.9 -56.6 -56.6 -41.6 -38.2

19.0 20.8 23.1 9.9 -56.0 -56.9 -56.5 -56.6 -41.0 -38.1

16.8 21.8 23.0 10.0 -55.8 -56.8 -56.5 -56.6 -41.4 -38.5

9.5 22.8 23.1 9.9 -55.6 -56.6 -56.2 -56.5 -50.6 -42.9

22.8 9.5 23.4 9.6 -56.3 -56.6 -56.6 -56.8 -50.9 -50.1

21.8 16.8 23.3 9.7 -56.3 -56.7 -56.6 -56.8 -45.5 -40.9

20.8 19.0 23.3 9.7 -56.2 -56.8 -56.5 -56.7 -43.2 -39.3

19.8 20.2 23.2 9.8 -56.2 -56.8 -56.4 -56.6 -41.5 -38.6

19.0 20.8 23.2 9.8 -56.1 -56.8 -56.5 -56.6 -40.7 -38.6

16.8 21.8 23.1 9.9 -56.0 -56.8 -56.4 -56.6 -40.9 -39.1

9.5 22.8 23.1 9.9 -55.8 -56.7 -56.2 -56.7 -49.7 -43.6

24.8 11.5 24.6 8.4 -55.2 -55.8 -55.7 -56.0 -45.6 -46.7

23.8 18.8 24.6 8.4 -55.2 -55.9 -55.1 -55.7 -43.4 -38.0

22.8 21.0 24.7 8.3 -55.2 -55.8 -55.1 -55.2 -43.8 -36.1

21.8 22.2 24.8 8.2 -55.1 -55.9 -55.1 -54.5 -42.9 -34.6

21.0 22.8 24.8 8.2 -55.0 -55.9 -55.1 -53.8 -41.7 -33.4

18.8 23.8 24.9 8.1 -54.9 -55.8 -55.0 -53.7 -40.1 -30.8

11.5 24.8 25.0 8.0 -54.6 -55.7 -54.9 -55.4 -47.2 -33.1

25.8 12.5 25.8 7.2 -54.6 -55.3 -54.9 -55.4 -44.6 -48.0

24.8 19.8 25.8 7.2 -54.5 -55.2 -54.3 -55.1 -43.4 -40.3

23.8 22.0 25.9 7.1 -54.5 -55.3 -54.2 -54.4 -44.4 -38.0

22.8 23.2 25.9 7.1 -54.5 -55.2 -54.3 -53.2 -45.5 -35.1

22.0 23.8 25.9 7.1 -54.4 -55.1 -54.3 -52.6 -44.9 -33.3

19.8 24.8 26.0 7.0 -54.2 -55.1 -54.3 -52.8 -43.2 -30.7

12.5 25.8 26.1 6.9 -54.0 -55.1 -54.2 -55.1 -48.7 -33.7
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2.3. Proposals for MPR
In order to seek completeness of Release 15 specification for these band 41 ENDC combinations, and guarantee release 15 UE behavior in networks outside the US it is proposed to have an MPR specification to in order to meet -30dBm/MHz spurious emissions requirements. For completeness howerver MPR for Em and ACLR for the contiguous case would be needed and NS04 -13dBm/MHz and -25dBm/MHz back-off can be used for DC-41_n41 MPR. 
Proposal 1 for DC_(n)41 UL: type 1 UE NS04 IMD3 -13dBm/MHz AMPR values are used for total back-off for -30dBm/MHz MPR which provides margin at low total allocation values but is necessary for large total allocations including associated PSD check.
Proposal 2 for DC_41_n41 UL MPR: type 1 UE NS04 IMD3 -25dBm/MHz AMPR values are used for total back-off for -30dBm/MHz MPR with addition of 1dB for the last section (MA=13dB for B>2).
Observation: 

· for DC_41_n41 type 1 UE NS04 IMD3 -25dBm/MHz AMPR values and type 1 UE NS04 IMD3 -13dBm/MHz AMPR values can be reused for MPR related to corresponding limits as they are subject to IMD3 issues as well.
· For DC_(n)41 MPR for SEM needs further study.
3. Conclusions

In this contribution, required back-off needed to meet general spurious emissions at -30dBm/MHz was studied based on measurements over a large set of channel configurations, RB allocation and across the valid ENDC power sharing between LTE and NR using NS04 defined AMPR. The results have been gaged against MPR spurious emissions of -30dBm/MHz which allowed the following proposals.
Proposals for MPR:

Proposal 1 for DC_(n)41 UL: type 1 UE NS04 IMD3 -13dBm/MHz AMPR values are used for total back-off for -30dBm/MHz MPR which provides margin at low total allocation values but is necessary for large total allocations including associated PSD check.

Proposal 2 for DC_41_n41 UL MPR: type 1 UE NS04 IMD3 -25dBm/MHz AMPR values are used for total back-off for -30dBm/MHz MPR with addition of 1dB for the last section (MA=13dB for B>2).

Observation: 

· for DC_41_n41 type 1 UE NS04 IMD3 -25dBm/MHz AMPR values and type 1 UE NS04 IMD3 -13dBm/MHz AMPR values can be reused for MPR related to corresponding limits as they are subject to IMD3 issues as well.

· For DC_(n)41 MPR for SEM needs further study.
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