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1. Introduction
In RAN4#86, there were many discussions regarding potential architecture issues with DC_(n)71B regarding power control and MSD [3,4,5] which, resulted in way forward [1]. In this contribution, we complement our studies in [2,6] by performing further MSD, ACLR and emission measurements for 1TX and 2TX architectures.
2. Discussion
2.1. Measurement Plan and Setup
It is essential that measurements cover a large part since simulation approach is not validated for the 2Tx case. In order to explore a significant part of the possible allocations and to cover the different use cases the following measurement plan was conducted, it is essential that measurements cover a large part since simulation approach is not validated for the 2Tx case:

· LTE 10MHz CC1 + NR 10MHz CC2.

· LTE 5MHz CC1 + NR 15MHz CC2.

· Both forward (1TX) and reverse (2TX) measurements.

· DFT-s-OFDM waveforms for NR as it has been shown that they are the worst case for MSD and in any case the 2CC PAPR is similar to CP-OFDM.

· Permutations of 20RB shared proportionally to BW in each CC as agreed for REFSENS UL configuration, allocations are either top or bottom of channel (note that this may not produce the worse MSD).
· Addition of 1R and full allocation for emission measurements.
· Two types of back-off scenario: LTE and NR CC together, or NR only.

The measurements are based on the following:

· PA calibration: 1dB MPR with LTE 20MHz 100RB QPSK waveform at 30dBc ACLR.
· Post-PA losses of 4dB, antenna isolation for 2TX case of 10dB

· EN-DC ACLR measured below and above the aggregated CCs using a measurement BW of 95% of the aggregated BW (i.e. 19MHz).

· Adjacent power is compared to the sum of the power of the two CCs.
· Exact peak of IMD products frequency was calculated based on the resource allocation and measured in 1MHz BW.
· A 1 MHz BW measurement was done every 5MHz below and above each CC.

· Measurements are performed over a frequency range of up to 150MHz and do not account for the duplexer attenuation (aside from MSD out of band emissions that are flagged as an issue will be practically be OK).

It is to be noted that although the 3GPP assumption is 10dB antenna isolation, it is probably unrealistic to assume that such isolation is available for all UE implementation.
Measurement limitations:

· The output power was targeted based on the PA gain.
· At maximum power there is some cross-compression between the two carriers.

· Power was stepped in order to mitigate this and targeted power is obtained within 0.5 dB.

· This obviously affects the 1TX case more.

· The measurement floor is around -55dBm/MHz, thus it limits the ability of measuring low MSD levels but can detect properly MSD level > 10dB.
Acronyms used in the contribution:

· L10 = 10MHz LTE, LTE5 = 5MHz LTE, N10 = 10MHz NR, N15 = 15MHz NR.  

· 1TX single transmit path and antenna implementation, 2TX dual transmit path and antenna implementation.

· Ptot = PLTE + PNR, BO_LTE is LTE CC back-off vs PCmax-3dB, BO_NR is NR CC back-off vs PCmax-3dB, BO_tot is Ptot back-off vs PCmax.

· RXleak = TX leackage measured in RX channel, ACLR = ACLR measurement, IM = 1MHz BW measurement at calculated IMD peak, EM = 1MHz BW measurement at 10MHz intervals.

· FW = forward injected (CC injected at PA input), RV = reverse injected (CC injected at PA output).
This large plan of experiment results in thousands of measurement points with hours of measurement time. These results have been available right before the contribution deadline, thus all the data could not be compiled and analyzed. If allowed, these will be provided in a revision before the meeting. At this time, the contribution focuses on the L10 + N10 case with 1TX and 2TX.

Measurement presentation:

· Since it would be cumbersome to read the measurement values, the tables only pass-fail criteria.

· OK (green) means ACLR or -30dBm/MHz emissions are met or no MSD.

· ACLRKO (red) means ACLR is not met.

· MSD>20dB (red) means measured TX leakage in RX band will result in >20dB MSD, at this level the measurement noise floor is valid.

· MSD10-20dB (orange) means measured TX leakage in RX band will result in 10dB to 20dB MSD, at this level the measurement noise floor is valid.

· MSD<10dB (yellow) means measured TX leakage in RX band may result in <10dB MSD, at this level the measurement noise floor is too high and there may be no MSD in practice.

· EMKO (orange) means that emission level is >-25dBm/MHz, it is to be noted though that this may happen at an offset where this limit does not apply. This further analysis will be provided in a revision of the document.

· -25OK (yellow) means -25dBm/MHz is met but -30dBm/MHz general emissions is failed, it is to be noted though that this may happen at an offset where this limit does not apply. This further analysis will be provided in a revision of the document.
· Measurement has been done at fixed frequencies (on the left of the table), but the offset to channel edge is also given next, which with time would allow us to derive if there is a real issue and for which position.

· Next to this the measurement type is provided.

· LTE and NR CC positions have not been permutated, it is to be noted that LTE above NR will constitute a worst case for MSD as it would affect the Pcell. 
· The header show the relative back-off to PCmax-3dB for both LTE CC (top) and NR CC (bellow) and next, the relative back-off to PCmax of Ptot.

· Given the large amount of data the tables are large and the font rather small. This was the only way to fit within this contribution and still have a visual rendering of the results.
Observation from measurement setup:

· Although the 3GPP assumption is 10dB antenna isolation, it is probably unrealistic to assume that such isolation is available for all UE implementation.
· Duplexer attenuation is not accounted for and aside from MSD, out of band emissions that are flagged as an issue will be practically OK.

· The measurement floor is around -55dBm/MHz, thus it limits the ability of measuring low MSD levels but can detect properly MSD>10dB.
· Some of the flagged emission issues may not be valid because of their offset, this will require further confirmation.
2.2. L10+N10 1TX Measurements
10RB LTE + 10RB NR Allocation Permutation to Verify MSD
Table 1 displays the 1TX results hierarchically for:

· L10+N10 arrangement

· LTE+NR 0dB back-off (baseline), NR only back-off of 4/8/12dB, LTE+NR back-off of 4/8dB

· bottom 10RB LTE + bottom 10RB NR (top/left)
· top 10RB LTE + bottom 10RB NR (top/right)

· bottom 10RB LTE + top 10RB NR (bottom/left)

· top 10RB LTE + top 10RB NR (bottom/right)

Table 1: 1TX, L10 +N10 measurement
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Observations from the 1TX case:

· Back-off on both CC is more efficient.
· The result for quasi contiguous allocation (top/right) used as UL configuration for REFSENS show little or no MSD as already agreed.
· To the opposite when the allocations are further apart like in the extreme case (bot/left) MSD in excess of 20dB is generated from IMD products. Note that this position is not the worst possible. 12dB NR only back-off or 8dB back-off on both CC are not sufficient to obtain low MSD on NR but may be OK for LTE.
· ACLR is failed in all cases but the quasi contiguous one and will require A-MPR.
· Although some emission level issues are flagged, they can be ignored:

· Within RX band thanks to duplexer further attenuation. 
· Within the ACLR region since not at a valid offset. 
· Still IMD3 cases falling in UL band or its edges are true fails and will require A-MPR.
Proposal for baseline 1TX architecture: 

· A-MPR should cover ACLR..

· A second UL configuration with moderate MSD is specified to verify IMD behavior of the UE, 10RB both at bottom of the channel seems to be a good compromise. It is not advised to use A-MPR to solve MSD issue.
· A-MPR due to emissions is needed for IMD3/5 cases in UL band.
Measurements with 1RB and full RB Allocation for Emission
Due to lack of time for analysis of the large amount of data, this part was not ready for the deadline. If allowed, it will be provided in a further revision of the document.
2.3. L10+N10 2TX Measurements

10RB LTE + 10RB NR Allocation Permutation to Verify MSD
Table 1 displays the 1TX results hierarchically for:

· L10+N10 arrangement

· LTE+NR 0dB back-off (baseline), NR only back-off of 4/8/12dB, LTE+NR back-off of 4/8dB

· LTE FW + NR RV (left) and LTE RV + NR FW (right) are presented side by side for easy comparison
· bottom 10RB LTE + bottom 10RB NR (top/left)

· top 10RB LTE + bottom 10RB NR (top/right)

· bottom 10RB LTE + top 10RB NR (bottom/left)

· top 10RB LTE + top 10RB NR (bottom/right)
Table 2: 2TX, L10 +N10 measurement
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Observations from the 2TX cases:

· Given the measurement noise floor, the only case that would result for sure in MSD is the LTE bottom and NR top allocation case (bottom/left).

· Although some emission level issues are flagged, they can be ignored since they are within the ACLR region.

· Still IMD3 cases falling in UL band or its edges are true fails like for IMD3 cases falling around 700MHz for the bottom two LTE reverse cases.
Proposal if requirement is developed for 2TX architecture: 

· For REFSENS, UL configuration should at least use 10RB LTE bottom + 10RB NR top configuration and MSD is FFS. It is not advised to use A-MPR to solve MSD issue.

· A-MPR due to emissions is needed for IMD3/5 cases in UL band.

· Validity of antenna coupling and performance is FFS.
Measurements with 1RB and Full RB Allocation for Emission
Due to lack of time for analysis of the large amount of data, this part was not ready for the deadline. If allowed, it will be provided in a further revision of the document.
2.4. L5+N15 1TX Measurements

Due to lack of time for analysis of the large amount of data, this part was not ready for the deadline. If allowed, it will be provided in a further revision of the document.
2.5. L5+N15 2TX Measurements

Due to lack of time for analysis of the large amount of data, this part was not ready for the deadline. If allowed, it will be provided in a further revision of the document.
3. Conclusion
This contribution provides measurements for DC_(n)71B in terms of MSD, ACLR and Emissions. Due to lack of time, all cases have not been analyzed and some issues require confirmations. Nevertheless it provides enough insight to propose the following:

Proposal for baseline 1TX architecture: 

· A-MPR should cover ACLR.
· A second UL configuration with moderate MSD is specified to verify IMD behavior of the UE, 10RB both at bottom of the channel seem a good compromise. It is not advised to use A-MPR to solve MSD issue.

· A-MPR due to emissions is needed for IMD3/5 cases in UL band.
Proposal if requirement is developed for 2TX architecture: 

· For REFSENS, UL configuration should at least use 10RB LTE bottom + 10RB NR top configuration and MSD is FFS. It is not advised to use A-MPR to solve MSD issue.

· A-MPR due to emissions is needed for IMD3/5 cases in UL band.

· Validity of antenna coupling and performance is FFS.
Further analysis and back-off experimentation will be needed to conclude on A-MPR.

The above is based on the following observations on measurement setup and results:
Observation from measurement setup:

· Although the 3GPP assumption is 10dB antenna isolation, it is probably unrealistic to assume that such isolation is available for all UE implementation.
· Duplexer attenuation is not accounted for and aside from MSD, out of band emissions that are flagged as an issue will be practically OK.

· The measurement floor is around -55dBm/MHz, thus it limits the ability of measuring low MSD levels but can detect properly MSD>10dB.
· Some of the flagged emission issues may not be valid because of their offset, this will require further confirmation.
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