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Introduction
In RAN4 #86bis, intra-band EN_DC combination for Band n71 was further defined in [2] and a way forward on finalizing this combination was agreed in [1]. This contribution provides input to the additional MSD test point that was agreed to in [1].
Discussion
In way forward [1], the following was agreed:
· There will be non-contiguous MSD defined.
· Companies to provide proposals to next meeting on non-contiguous MSD test points and requirement.
Band n71 MSD for Various Non-Contiguous LTE and NR UL Allocations
Since we needed to measure multiple UL allocation cases for n71 intra-band EN-DC to derive required back-off for ACLR, SEM and Band 12 and 29 protection, we also measured the UL noise generated in both LTE and NR DL bands.
Measurement assumptions:
PA calibration: In conformance with 3GPP practice, PA was calibrated for 22dBm and 30dBc ACLR at antenna with both LTE and NR fully allocated QPSK 20MHz DFT-s-OFDM waveforms.
Power sharing: As agreed, equal PSD power sharing was used.
Duplexer isolation: 55dB isolation is used, as already agreed for all Band 71 LTE and NR REFSENS specifications.
De-sense calculation: De-sense was calculated by comparing the noise power in LTE and NR DL channels measured for the non-contiguous allocation with the respective noise measured for contiguous allocations in [3].
As discussed in our previous papers, we made most of the measurements with CP-OFDM waveform on NR side, as there is little difference with DFT-s-OFDM since the PAPR is dominated by the fact that two carriers are used. Still some worst cases use both CP-OFDM and DFT-s-OFDM to confirm.
Cases measured: Permutations of 1RB, 20RB total and full allocations were measured with LTE below NR in frequency. LTE and NR allocations are chosen such that they are the furthest apart possible.
It is to be noted that, although this does not constitute the worst case, especially for LTE MSD. Still, for a 10RB/10MHz LTE + 10RB/10MHz NR combination, swapping the LTE and NR would result in LTE and NR MSD values being swapped within a few tens of a dB as their UL have equal power and DL have very similar BW.
Observation 1: Allocation where NR is above LTE in frequency does not constitute the worst case MSD for LTE. Still, the LTE worst case MSD can be extrapolated by looking at NR MSD for equal RB allocation cases (both equal PSD and equal power).
Nomenclature:
In the results, we have used shortened names for the waveforms that are tested, to the following:
· [L or N][channel BW]_[SCS]_[RB allocation]_[C or D][4] 
Where:
· [L or N]: L for LTE, N for NR
· [channel BW]: channel bandwidth in MHz
· [SCS]: sub-carrier spacing in kHz
· [RB allocation]: number of RB and position
· [C or D]: C for CP-OFDM, D for DFT-s-OFDM waveform
· [4]: number of states of the modulation: 4 is QPSK

Results:
The results are shown in Table 1 and Table 2 for 5MHz LTE and 15MHz NR combination and 10MHz LTE and 10MHz NR respectively. The table have LTE waveform in horizontal and NR waveform in vertical and associated LTE and NR RX noise in dBm and derived MSD in dB (highlighted in yellow). The NR and LTE waveforms in italic are the ones where RB allocation is proportional to the LTE/NR channel BW ratio and 20RB total, which have been used for the quasi-contiguous LTE/NR allocation MSD already specified.
Table 1: LTE and NR RX channel noise [dBm] and MSD [dB] for multiple 5MHz LTE and 15MHz NR EN-DC combinations.
	NR \ LTE waveform
	L5_1RB0_D4
	L5_5RB0_D4
	L5_25RB0_D4

	N15_15_1RB78_D4
	LTE
	-42.8 / 2.7
	 
	 

	
	NR
	-11.6 / 25.6
	 
	 

	N15_15_1RB78_C4
	LTE
	-42.4 / 2.9
	-41.8 / 3.2
	-29.8 / 12.6

	
	NR
	-10.0 / 27.1
	-12.5 / 24.6
	-18.1 / 19.0

	N15_15_15RB64_C4
	LTE
	-36.1 / 7.1
	-31.3 / 11.2
	-20.5 / 21.7

	
	NR
	-27.2 / 10.3
	-17.6 / 19.6
	-14.0 / 23.1

	N15_15_79RB0_C4
	LTE
	-30.5 / 12.0
	-29.4 / 13.1
	-27.4 / 15.0

	
	NR
	-22.2 / 15.1
	-21.2 / 16.0
	-19.2 / 18.1



Table 2: LTE and NR RX channel noise [dBm] and MSD [dB] for multiple 10MHz LTE and 10MHz NR EN-DC combinations.
	NR \ LTE waveform
	L10_1RB0_D4
	L10_10RB0_D4
	L10_50RB0_D4

	N10_15_1RB51_D4
	LTE
	-10.8 / 28.6
	 
	 

	
	NR
	-39.0 / 3.0
	 
	 

	N10_15_1RB51_C4
	LTE
	-10.4 / 29.1
	-21.8 / 17.6
	-28.8 / 11.0

	
	NR
	-38.9 / 3.1
	-16.1 / 22.9
	-23.6 / 15.5

	N10_15_10RB42_C4
	LTE
	-28.3 / 11.4
	-25.3 / 14.2
	-21.3 / 18.1

	
	NR
	-27.7 / 11.6
	-12.6 / 26.4
	-17.5 / 21.6

	N10_15_52RB0_C4
	LTE
	-32.5 / 7.7
	-25.4 / 14.2
	-24.3 / 15.2

	
	NR
	-29.0 / 10.4
	-21.7 / 17.4
	-20.7 / 18.4



As observed in past contributions, using CP-OFDM and DFT-s-OFDM waveform on NR side result in very similar MSD values with slightly worse values for CP-OFDM, so this is why CP-OFDM is used for all cases.
It must be noted that MSD close to 30dB are observed, which is significantly higher than what is currently specified for quasi-contiguous allocation. There is one particular case where LTE is de-sensed by more than 29dB, which is critical as LTE carries the control plane data.
No matter the allocation type, there is at least one RAT that will suffer in excess of 10dB MSD, and very small allocation that are likely at cell edge cause the worse measured MSD. Still, that may not be the worst-worst case as the IMD may not be centered or all within the RX channel as it could be done by slightly shifting the allocation.
Observation 2: Very significant MSD (30dB) are observed for both LTE and NR DL channels with a limited set of allocation permutations. At this level of de-sense we believe that only single switched UL or LTE only operation can work at cell edge for UL allocations that are not quasi-contiguous.
Proposed Test Point for Band n71 MSD for Non-Contiguous LTE and NR UL Allocations
As discussed above from the measured cases, the proportional to BW 20RB allocation split, nor the LTE below NR, nor the equal PSD split constitute the possible worst case MSD. 
Still, we believe that the justification for an additional MSD test point using non-contiguous LTE/NR allocation is to verify the intrinsic IMD5 and IMD7 transmit path behavior, while the quasi-contiguous test points verify the intrinsic noise figure of the receiver (de-sense is low and only related to TX wideband noise in these cases).
Consequently, we propose that a single test point is sufficient and is not necessarily the worst case as long as it is representative of the IMD5 and IMD7 TX behavior with MSD in both LTE and NR RX channels.
Furthermore, choosing the 20RB total 10MHz LTE and 10MHz NR case we can benefit from the following aspects:
· Allocation is consistent with the one chosen for the quasi-contiguous case with the opposite LTE and NR RB position.
· Valid for both equal PSD and equal power sharing (IMD products are symmetrical).
· Same TX BW and channel BW for LTE and NR which means that TLE and NR MSD can be swapped if the channel position was swapped.
· >10dB MSD for both LTE and NR, allowing the detection of both IMD5 and IMD7 issues. 

Finally, contrary to the quasi-contiguous case where the noise in LTE and NR RX channels is dominated by the PA wideband noise, in this non-contiguous case the noise is dominated by higher order IMD products with narrow tones which is highly dependent on PA technology, PA type (APT, ET, linear) and its AM/AM and AM/PM characteristics (cancellations is one example). To account for this, a 3dB margin is added which we believe is not very significant given the already large MSD values and enables all reasonable implementations to pass the test.

Proposal: The 10RB0 10MHz LTE QPSK and 10RB42 10MHz NR CP-OFDM QPSK is used as unique MSD test (highlighted in yellow) point to verify transmitter linearity impact in addition to existing test points with results and requirement as in following table.

Table 3: Currently defined and additional MSD test points for n71 intra-band EN-DC
	DC configuration
	E-UTRA/NR band
	FC (UL)
	Channel bandwidth
	UL
	FC (DL)
	Noise in Rx (dBm)
	MSD

	
	
	(MHz)
	(MHz)
	allocation [LCRB]
	(MHz)
	
	(dB)

	DC_71b_n71b
	71
	[665.5]
	5
	5 (RBend =24)
	[619.5]
	-53.7
	0.3*

	
	n71
	[675.5]
	15
	15 (RBstart = 0)
	[629.5]
	-41.7
	1.3

	DC_71b_n71b
	71
	[670.5]
	15
	15 (RBend = 74)
	[624.5]
	-45.6
	0.6*

	
	n71
	[680.5]
	5
	5 (RBstart = 0)
	[634.5]
	-45.3
	1.7

	DC_71b_n71b
	71
	[668]
	10
	10 (RBend = 49)
	[622]
	-48.5
	0.5*

	
	n71
	[678]
	10
	10 (RBstart = 0)
	[632]
	-42.2
	1.7

	DC_71b_n71b
	71
	[668]
	10
	10 (RBstart = 0)
	[622]
	-25.3
	17.2

	
	n71
	[678]
	10
	10 (RBend = 51)
	[632]
	-12.6
	29.4



Conclusions
In this contribution, we have presented multiple MSD results for non-contiguous LTE and NR n71 intra-band EN-DC, and discussed the selection of appropriate test point. We make the following proposal. 
Proposal: The 10RB0 10MHz LTE QPSK and 10RB42 10MHz NR CP-OFDM QPSK is used as unique MSD test (highlighted in yellow) point to verify transmitter linearity impact in addition to existing test points with results and requirement as in following table.

Table 3: Currently defined and additional MSD test points for n71 intra-band EN-DC
	DC configuration
	E-UTRA/NR band
	FC (UL)
	Channel bandwidth
	UL
	FC (DL)
	Noise in Rx (dBm)
	MSD

	
	
	(MHz)
	(MHz)
	allocation [LCRB]
	(MHz)
	
	(dB)

	DC_71b_n71b
	71
	[665.5]
	5
	5 (RBend =24)
	[619.5]
	-53.7
	0.3*

	
	n71
	[675.5]
	15
	15 (RBstart = 0)
	[629.5]
	-41.7
	1.3

	DC_71b_n71b
	71
	[670.5]
	15
	15 (RBend = 74)
	[624.5]
	-45.6
	0.6*

	
	n71
	[680.5]
	5
	5 (RBstart = 0)
	[634.5]
	-45.3
	1.7

	DC_71b_n71b
	71
	[668]
	10
	10 (RBend = 49)
	[622]
	-48.5
	0.5*

	
	n71
	[678]
	10
	10 (RBstart = 0)
	[632]
	-42.2
	1.7

	DC_71b_n71b
	71
	[668]
	10
	10 (RBstart = 0)
	[622]
	-25.3
	17.2

	
	n71
	[678]
	10
	10 (RBend = 51)
	[632]
	-12.6
	29.4



This proposal is based on the following observations.

Observation 1: Allocation where NR is above LTE in frequency does not constitute the worst case MSD for LTE. Still, the LTE worst case MSD can be extrapolated by looking at NR MSD for equal RB allocation cases (both equal PSD and equal power).
[bookmark: _GoBack]Observation 2: Very significant MSD (30dB) are observed for both LTE and NR DL channels with a limited set of allocation permutations. At this level of de-sense we believe that only single switched UL or LTE only operation can work at cell edge for UL allocations that are not quasi-contiguous.
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