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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 verifies that this approach and mechanism is valid with measurement, and assesses the additional 1dB AMPR and PSD check. Band 41 ENDC back-off requirements to protect Band 40 under non synchronous operation are analyzed versus NS04 AMPR.
2. Discussion
In the way forward [5] it was agreed to study AMPR for Band 41 in order to protect Band 40 at a -50dBm/MHz level for the case of asynchronous operation:

· RAN4 will study following options in next meeting for B40-n41 co-existence assuming asynchronous operation for contiguous RB allocations.
· RAN4 will also study A-MPR in next meeting for B40 – DC_41A-n41A EN-DC co-existence assuming asynchronous operation for non-contiguous RB allocations.
· Option 1: Restrict RB region with no A-MPR
· Option 2: Define A-MPR as a function of RB region and define offset frequency from low band edge for no A-MPR
· Assumptions:
· Define RB region in terms of RB_start frequency and TX allocation BW (12*SCS*LCRB).
· For non-contiguous resource allocations, determine A-MPR as a function of TX allocation BW.
· Simulation and measurement assumptions:
· Choose the middle [9.5] dB filter rejection
· LO leakage = -28dBc
· Image = -28dBc
· Choose CIM3 = -60dBc
· Choose CIM5 = -65dBc
· For EN-DC, we measure with 2PA option
This contribution focusses on the last ENDC case and assumes 10dB Band 41filter rejection.
2.1. Back-off for Band 40 Protection

There are two different cases for Band 40 Protection in asynchronous operation:

Contiguous UL channel case: 

· The maximum aggregated bandwidth is 120MHz and the Band 41 in China starts at 2515MHz (see Figure 1) which gives 116.845MHz between highest 20MHz LTE allocation in Band 40 and lowest 100MHz 30MHz SCS NR 100MHz channel allocation. 

· Within the 20MHz LTE and 100MHz NR 30kHz SCS contiguous aggregation the largest 1RB-1RB allocation distance is 118.155MHz thus only very small furthest LTE and NR allocation can have IMD3 falling in highest Band 40 DL channel allocations with very small overlap thus very little de-sense of Band 40. 

· This is anyhow further helped by the fact that the upper part of Band 40 benefits from higher filter rejection as closer to the 2.4GHz ISM band protection. 

· We thus propose that this small overlap is ignored or managed with allocation restriction within the first 2MHz of Band 41. Alternatively the amount of protection required in for the upper 5MHz of Band 40 could be reduced accounting for better filter performance at that edge.

· Considering this we propose that only IMD5 is considered for AMPR.

· These observations are even more valid for stand-alone 100MHz NR channel where only IMD5 should be a concern.
Non-contiguous UL channel case: The maximum aggregated bandwidth is 160MHz (see Figure 1) in Band 41 in China which starts at 2515MHz thus IMD3 can reach beyond the 115MHz distance to Band 40.
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Figure 1: Band 41 spectrum in China

Observation on IMD3 and 5:
· Given the very small overlap of Band 40 IMD3 overlap for DC_(n)41 and higher B41 filter rejection available, only IMD5 can be considered or small allocation restriction
· For DC_41_n41 IMD5 may only be considered in phase 1 and 2 but IMD3 is needed in phase 3 and should be considered.

· Note that these observations are further valid for stand-alone 100MHz NR channel AMPR for Band 40 protection where only IMD5 should be considered
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 Band 40 protection measurements:

· Peaks of IMD3 and IMD5 in 1MHz have been measured on both sides (IM3L, IM3H, IM5L, IM5H) and checked versus -40dBm/MHz limit assuming 10dB rejection from Band 41 filter

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: Band 40 protection which is an IMD5 issue as discussed above, and an emission level  < -40dBm/MHz is easily met assuming 10dB of B41 filter rejection in the case that B40 and B41 are not synchronous .
Observation 2 on DC_(n)41 UL using -13dBm/MHz AMPR for LTE20+NR40: -40dBm/MHz Band 40 protection is met assuming 10dB of B41 filter rejection for the case that B40 and B41 are not synchronous for all cases but the full + full allocation case even at low PSD difference where an extra 3dB back-off may be required.
Observation 3 on DC_41_n41 using -25dBm/MHz AMPR back-off for LTE20+NR40 with 20MHz gap: -40dBm/MHz Band 40 protection which is an IMD3 issue, it would require more back-off even at equal PSD for total RB allocation > 12. Further investigations where done to find appropriate back-off.
Observation 4 on DC_41_n41 UL using -13dBm/MHz AMPR for LTE20+NR40 with 20MHz gap: -40dBm/MHz is an issue for IMD3 for Band 40 protection and is failed even for small allocations as obvious when applying only the -13dBm/MHz NS04 AMPR.
For the Band 40 protection the following conclusions apply:

· It is safe to use -25 dBm/MHz NS04 Type 1 UE back-off for DC_(n)41 even when assuming a very pessimistic 10dB Band 41 rejection

· For DC_41_n41 it is better to assume a better filter providing at least 20dB rejection if total TX BW > 120MHz and then the -30dBm/MHz MPR is sufficient.

· Finally, it is important to understand if asynchronous operation of Band 40 and Band 41 is a valid scenario in China

In order to assess some of the back-off changes needed for small allocation IMD5 and IMD3 further back-off needs, some further investigation were conducted with smaller and larger back-off and measuring IMD5 and IMD3, these are provided in Table 1.

In Table 1, IMD3 and 5 have been measured for different back-off for less than 40 total allocations.

· For IMD5 (left result columns), less than 10/8/7dB back-off regions for B<2 are sufficient with margin for -40dBm/MHz and correct for Band 40 protection with 10dB filter rejection.
· For Band 40 protection with 10dB filter rejection and IMD3 (right result columns), it shows that less than 12/11/9dB back-off regions for B<2 are needed to meet -40dBm/MHz.
· No conclusion on extra back-off needed for IMD3 and larger total allocations with B>2
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 19.8 14.8 21.2 11.8 -55.3 -55.6 -55.7 -55.5 -44.5 -42.9

16.8 21.8 23.3 9.7 -53.7 -54.6 -54.3 -54.1 -39.1 -35.5 14.8 19.8 21.2 11.8 -54.9 -55.6 -55.6 -55.4 -43.2 -41.1

22.8 9.5 23.1 9.9 -54.2 -54.6 -54.6 -54.8 -47.7 -47.9 20.8 7.5 21.2 11.8 -55.5 -55.6 -55.8 -55.6 -50.8 -52.1

9.5 22.8 23.2 9.8 -52.9 -54.2 -53.7 -54.1 -48.1 -36.7 7.5 20.8 21.3 11.7 -54.8 -55.6 -55.5 -55.3 -52.0 -46.4

19.8 20.1 23.3 9.7 -54.1 -54.8 -54.5 -54.6 -39.5 -36.0 17.8 18.2 21.2 11.8 -55.0 -55.6 -55.7 -55.4 -41.7 -40.2

20.8 19.0 23.2 9.8 -54.2 -54.9 -54.5 -54.6 -41.0 -36.3 18.8 17.0 21.2 11.8 -55.2 -55.6 -55.7 -55.5 -42.3 -41.1

19.0 20.8 23.2 9.8 -54.0 -54.8 -54.4 -54.6 -38.7 -35.2 17.0 18.8 21.2 11.8 -55.1 -55.6 -55.6 -55.5 -41.8 -40.6

21.8 16.8 23.4 9.6 -54.3 -54.7 -54.6 -54.7 -43.2 -38.2 19.8 14.8 21.5 11.5 -55.3 -55.6 -55.6 -55.5 -44.7 -42.8

16.8 21.8 23.4 9.6 -53.6 -54.5 -54.2 -54.3 -38.8 -35.5 14.83 19.8 21.4 11.6 -54.9 -55.6 -55.5 -55.5 -42.9 -41.3

22.8 9.5 23.4 9.6 -54.2 -54.7 -54.7 -54.8 -48.4 -47.9 20.8 7.5 21.5 11.5 -55.3 -55.5 -55.7 -55.6 -51.0 -52.0

9.5 22.8 23.3 9.7 -52.8 -54.1 -53.8 -54.2 -47.5 -36.4 7.53 20.8 21.3 11.7 -54.9 -55.5 -55.3 -55.4 -51.8 -46.5

19.8 20.2 23.4 9.6 -54.0 -54.8 -54.4 -54.6 -39.4 -36.0 17.8 18.1 21.4 11.6 -55.1 -55.6 -55.6 -55.4 -41.6 -40.5

20.8 19.0 23.4 9.6 -54.2 -54.7 -54.6 -54.6 -41.3 -36.5 18.8 17.0 21.4 11.6 -55.2 -55.6 -55.7 -55.5 -42.4 -40.9

19.0 20.8 23.4 9.6 -53.9 -54.7 -54.4 -54.5 -38.7 -35.4 17.0 18.8 21.3 11.7 -55.0 -55.6 -55.5 -55.4 -41.5 -40.7

22.8 9.5 23.4 9.6 -54.3 -54.6 -54.6 -54.9 -48.2 -47.6 20.8 7.5 21.5 11.5 -55.3 -55.6 -55.7 -55.5 -50.8 -51.7

21.8 16.8 23.4 9.6 -54.2 -54.7 -54.6 -54.8 -43.2 -38.2 19.8 14.8 21.5 11.5 -55.2 -55.6 -55.6 -55.5 -44.4 -42.3

20.8 19.0 23.4 9.6 -54.2 -54.8 -54.5 -54.6 -40.9 -36.6 18.8 17.0 21.4 11.6 -55.2 -55.6 -55.6 -55.4 -42.3 -41.0

19.8 20.2 23.4 9.6 -54.0 -54.8 -54.5 -54.6 -39.3 -36.1 17.8 18.2 21.4 11.6 -55.0 -55.6 -55.6 -55.4 -41.5 -40.3

19.0 20.8 23.4 9.6 -53.9 -54.8 -54.4 -54.7 -38.6 -35.7 17.0 18.8 21.4 11.6 -55.1 -55.7 -55.5 -55.4 -41.4 -40.4

16.8 21.8 23.2 9.8 -53.7 -54.6 -54.3 -54.5 -38.7 -35.6 14.8 19.8 21.4 11.6 -55.0 -55.6 -55.5 -55.4 -42.9 -41.2

9.5 22.8 23.1 9.9 -53.3 -54.3 -53.8 -54.4 -47.6 -39.0 7.5 20.8 21.3 11.7 -54.8 -55.5 -55.4 -55.4 -51.7 -46.6

22.8 9.5 22.9 10.1 -56.6 -56.8 -56.9 -57.0 -51.8 -49.8 21.8 8.5 21.9 11.1 -57.1 -57.4 -57.4 -57.4 -52.5 -52.0

21.8 16.8 23.0 10.0 -56.4 -56.9 -56.8 -56.8 -45.6 -40.4 20.8 15.8 22.0 11.0 -56.9 -57.3 -57.4 -57.2 -46.0 -42.4

20.8 19.0 23.0 10.0 -56.3 -56.9 -56.6 -56.7 -43.0 -38.7 19.8 18.0 22.0 11.0 -56.9 -57.3 -57.2 -57.1 -43.6 -41.0

19.8 20.2 23.1 9.9 -56.2 -56.9 -56.6 -56.6 -41.6 -38.2 18.8 19.2 22.1 10.9 -56.8 -57.2 -57.2 -57.1 -42.6 -40.6

19.0 20.8 23.1 9.9 -56.0 -56.9 -56.5 -56.6 -41.0 -38.1 18.0 19.8 22.1 10.9 -56.6 -57.2 -57.2 -57.1 -42.5 -40.5

16.8 21.8 23.0 10.0 -55.8 -56.8 -56.5 -56.6 -41.4 -38.5 15.8 20.8 22.1 10.9 -56.5 -57.2 -57.1 -57.1 -43.6 -41.3

9.5 22.8 23.1 9.9 -55.6 -56.6 -56.2 -56.5 -50.6 -42.9 8.5 21.8 22.1 10.9 -56.4 -57.2 -56.9 -57.1 -52.6 -46.5

22.8 9.5 23.4 9.6 -56.3 -56.6 -56.6 -56.8 -50.9 -50.1 21.8 8.5 22.4 10.6 -56.9 -57.1 -57.3 -57.3 -52.4 -52.3

21.8 16.8 23.3 9.7 -56.3 -56.7 -56.6 -56.8 -45.5 -40.9 20.8 15.8 22.4 10.6 -56.9 -57.2 -57.2 -57.1 -46.1 -43.0

20.8 19.0 23.3 9.7 -56.2 -56.8 -56.5 -56.7 -43.2 -39.3 19.8 18.0 22.3 10.7 -56.7 -57.3 -57.1 -57.1 -43.7 -41.4

19.8 20.2 23.2 9.8 -56.2 -56.8 -56.4 -56.6 -41.5 -38.6 18.8 19.2 22.2 10.8 -56.7 -57.3 -57.1 -57.1 -42.6 -41.0

19.0 20.8 23.2 9.8 -56.1 -56.8 -56.5 -56.6 -40.7 -38.6 18.0 19.8 22.2 10.8 -56.6 -57.3 -57.1 -57.0 -42.2 -40.9

16.8 21.8 23.1 9.9 -56.0 -56.8 -56.4 -56.6 -40.9 -39.1 15.8 20.8 22.1 10.9 -56.5 -57.2 -57.0 -57.1 -43.0 -41.7

9.5 22.8 23.1 9.9 -55.8 -56.7 -56.2 -56.7 -49.7 -43.6 8.5 21.8 22.0 11.0 -56.5 -57.2 -56.9 -57.1 -52.1 -47.2

24.8 11.5 24.6 8.4 -55.2 -55.8 -55.7 -56.0 -45.6 -46.7 22.8 9.5 22.5 10.5 -56.5 -56.8 -56.9 -56.9 -53.3 -51.4

23.8 18.8 24.6 8.4 -55.2 -55.9 -55.1 -55.7 -43.4 -38.0 21.8 16.8 22.6 10.4 -56.5 -56.8 -56.8 -56.9 -48.0 -42.4

22.8 21.0 24.7 8.3 -55.2 -55.8 -55.1 -55.2 -43.8 -36.1 20.8 19.0 22.7 10.3 -56.4 -56.9 -56.7 -56.8 -45.5 -40.7

21.8 22.2 24.8 8.2 -55.1 -55.9 -55.1 -54.5 -42.9 -34.6 19.8 20.2 22.8 10.2 -56.4 -56.9 -56.7 -56.7 -43.7 -40.3

21.0 22.8 24.8 8.2 -55.0 -55.9 -55.1 -53.8 -41.7 -33.4 19.0 20.8 22.8 10.2 -56.3 -56.8 -56.6 -56.7 -43.0 -40.1

18.8 23.8 24.9 8.1 -54.9 -55.8 -55.0 -53.7 -40.1 -30.8 16.8 21.8 22.8 10.2 -56.2 -56.9 -56.5 -56.6 -43.1 -40.5

11.5 24.8 25.0 8.0 -54.6 -55.7 -54.9 -55.4 -47.2 -33.1 9.5 22.8 23.0 10.0 -56.2 -56.8 -56.3 -56.7 -51.7 -44.5

25.8 12.5 25.8 7.2 -54.6 -55.3 -54.9 -55.4 -44.6 -48.0 23.8 10.5 23.7 9.3 -56.0 -56.4 -56.2 -56.4 -53.8 -52.4

24.8 19.8 25.8 7.2 -54.5 -55.2 -54.3 -55.1 -43.4 -40.3 22.8 17.8 23.8 9.2 -55.9 -56.4 -56.2 -56.4 -51.0 -44.7

23.8 22.0 25.9 7.1 -54.5 -55.3 -54.2 -54.4 -44.4 -38.0 21.8 20.0 23.8 9.2 -55.9 -56.5 -56.1 -56.3 -49.3 -43.1

22.8 23.2 25.9 7.1 -54.5 -55.2 -54.3 -53.2 -45.5 -35.1 20.8 21.2 23.9 9.1 -55.8 -56.3 -55.9 -56.3 -47.8 -42.4

22.0 23.8 25.9 7.1 -54.4 -55.1 -54.3 -52.6 -44.9 -33.3 20.0 21.8 23.9 9.1 -55.8 -56.4 -55.9 -56.2 -46.8 -42.0

19.8 24.8 26.0 7.0 -54.2 -55.1 -54.3 -52.8 -43.2 -30.7 17.8 22.8 24.0 9.0 -55.5 -56.4 -55.7 -56.1 -46.3 -41.4

12.5 25.8 26.1 6.9 -54.0 -55.1 -54.2 -55.1 -48.7 -33.7 10.5 23.8 24.1 8.9 -55.5 -56.3 -55.6 -56.4 -52.6 -44.7
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2.3. Proposals for Band 40 Protection
Assuming that non synchronous operation between Band 40 and Band 41 in China is a reality we have shown that:

· For DC_(n)41 and 10dB filter rejection the Type 1 UE -13dBm/MHz NSO4 IMD3 AMPR is almost sufficient for Band 40 protection, it would only require 1dB extra back-off for total allocations with B>2.

· However, for DC_41_n41 we have not found an easy way to reuse existing NS04 AMPR assuming 10dB filter rejection. If for the particular cases of total TX BW>120MHz 20dB filter rejection can be assumed which is feasible using the proper filter technology, the -30dBm/MHz MPR would be sufficient.

· In any case it is essential that the UE is signaled by the network if B40 and B41are operated in a synchronous or asynchronous way. Consequently, network signaling thereto should be provided.
Proposal: Only synchronous Band 40 and Band 41 operation is assumed and Band 40 protection should reflect a level such that -30dBm/MHz MPR value is sufficient.
If not agreed we observe the following:
· Network Signaling is needed for UE to know if Band 40 and Band 41 are operated synchronously
· Reduction of Band 41 spectrum in China starting at 2515MHz and better than 10dB B41 filter rejection at top of Band 40 is assumed.
· for DC_(n)41 UL AMPR: type 1 UE NS04 IMD3 -13dBm/MHz AMPR values may be used for total back-off with 1dB additional back-off  for AMPR (NSXX) for B>2.
· for DC_ 41n41 UL AMPR: type 1 UE NS04 IMD3 -25dBm/MHz AMPR values may be used for total back-off for AMPR (NSXX) with addition of 1dB for the last section (MA=13dB for B>2) for total TX bandwidth< 120MHz.
· 20dB filter rejection is assumed if total TX BW > 120MHz must be supported and -30dBm/MHz MPR is sufficient.
3. Conclusions

In this contribution, required back-off needed to meet Band 40 protection at -40dBm/MHz assuming 10dB rejection from B41 filter 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 emissions in Band 40 of -40dBm/MHz which allowed the following proposals.

Observation on IMD3 and 5:
· Given the very small overlap of Band 40 IMD3 overlap for DC_(n)41 and higher B41 filter rejection available, only IMD5 can be considered

· For DC_41_n41 IMD5 may only be considered in phase 1 and 2 but IMD3 is needed in phase 3 and should be considered.

· Note that these observations are further valid for stand-alone 100MHz NR channel AMPR for Band 40 protection where only IMD5 should be considered
Proposals for Band 40 protection in asynchronous operation:
Proposal: Only synchronous Band 40 and Band 41 operation is assumed and Band 40 protection should reflect a level such that -30dBm/MHz MPR value is sufficient.
If not agreed we observe the following:
· Network Signaling is needed for UE to know if Band 40 and Band 41 are operated synchronously.
· Reduction of Band 41 spectrum in China starting at 2515MHz and better than 10dB B41 filter rejection at top of Band 40 is assumed.
· for DC_(n)41 UL AMPR: type 1 UE NS04 IMD3 -13dBm/MHz AMPR values may be used for total back-off with 1dB additional back-off  for AMPR (NSXX) for B>2.
· for DC_ 41n41 UL AMPR: type 1 UE NS04 IMD3 -25dBm/MHz AMPR values may be used for total back-off for AMPR (NSXX) with addition of 1dB for the last section (MA=13dB for B>2) for total TX bandwidth< 120MHz.
· 20dB filter rejection is assumed if total TX BW > 120MHz must be supported and -30dBm/MHz MPR is sufficient.
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