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1. Introduction

MSD for LTE CA combinations between Band 2 and Band 71 were agreed recently [1].  For NR+LTE EN-DC NSA combinations between Band 2 and Band n71, similar analysis should apply.  However, some differences do exist and should be considered.  Ultimately, it is reasoned that the differences coming from higher spectrum utilization for NR in Band n71 do not impact the MSD for this band combination.
2. Discussion

2.1. Harmonic MSD with uplink in Band n71
In the study of MSD for LTE CA between Band 2 and Band 71, it was discovered that when the uplink is present in Band 71, there can be third harmonic interference into the downlink of Band 2.  In particular, this effect is observed for the lowest frequency channels in Band 71 aggregated with the highest frequency channels in Band 2.  

In [2], the third harmonic noise from LTE Band 71 uplink was measured in the Band 2 receive downlink bandwidth.  This harmonic noise contribution, added together with thermal noise in the Band 2 receive path, was combined across primary and diversity receivers to compute an MSD.  The same approach can be applied for NR.  However, there is one important difference to consider.  For NR, the spectrum utilization is improved compared to LTE.  As a result, the guard bands from the transmission bandwidth configuration to the edge of the channel has been reduced compared to LTE.  For this case, reduction of the guard band implies that the uplink in the NR n71 channel will be closer to the band edge and its third harmonic will extend more closely into the Band 2 downlink channel.  Thus, it is expected that there will be more harmonic noise in the receive band for NR compared to LTE.

However, it is observed that the spectrum utilization for 5 MHz NR channels is unchanged from LTE.  Therefore, the MSD values computed for LTE CA can be directly reused for EN-DC when the channel bandwidth in Band n71 is 5 MHz.  For channel bandwidths in Band n71 larger than 5 MHz, it is expected that the harmonic noise will increase as described above.  There are two mechanisms studied for the introduction of harmonic noise into the receive channel.  The first is due to spectral spreading of the harmonic most prevalent for fully allocated uplink waveforms.  The second is harmonics and spurious intermodulation products of LO and IQ image present at thrice the uplink frequency.  Both of these mechanisms were described in [2] and [3].  With the increased SU of NR in Band n71, there is potential for increased spectral regrowth due to wide allocations.  However, the dominant mechanism for harmonic noise was found not to be the wide allocation, but rather the single RB.  This can be seen in the noise measurements reported in Table 1 of [2] where it can be seen that the noise from single RB is larger than the noise from full allocation as well as in Table 6 of [3] that describes the specific harmonic and intermodulation products of discrete components falling into the receive channel.  A pictorial illustration is shown below
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It is not expected the that increased SU of NR in Band n71 will lead to higher harmonic noise due to single RB transmissions.  The worst case noise contribution from single RB transmissions is observed when the largest number of these discrete products fall into the receive channel (for example, Table 6 of [3] describes which products fall into the receive band for all bandwidth combinations).  For most bandwidth combinations, this worst case occurs when two such spurious products fall into the receive band.  It is not expected that increased SU for NR will result in more than two spurious products impinging; if anything, the increased SU may slightly shift the location of the spurious products but will not impact the worst case level of interference.  For this reason, it is proposed that the same MSD derived for LTE CA is reused for EN-DC between Band 2 and Band n71.

Table 3.  Summary of MSD for all aggressor and victim bandwidths

	Band 71 CBW
	Band 2 CBW
	MSD

	5
	5
	4.6

	5
	10
	1.0

	5
	15
	0.6

	5
	20
	0.5

	10
	5
	1.2

	10
	10
	1.0

	10
	15
	0.7

	10
	20
	0.6

	15
	5
	1.1

	15
	10
	0.6

	15
	15
	0.7

	15
	20
	0.6

	20
	5
	1.2

	20
	10
	0.6

	20
	15
	0.4

	20
	20
	0.6


2.2. Harmonic interference with uplink in Band 2
Another means by which harmonic interference may occur for the band combination between Band 2 and Band n71 is when the 3rd harmonic of the Rx LO in Band n71 mixes with the uplink transmission in Band 2.  This was also investigated for the LTE CA combination between Band 2 and Band 71 [4].  The conclusion was that with a LPF in the Band 71 primary Rx path to provide attenuation at Band 2 Tx frequencies, the Tx power at the Band 71 LNA input after Rx mixing was computed to be -62.5 dBm and -67.7 dBm at the primary and diversity receivers referred to the antenna port (see Table 2-2 of [4]).  The reference sensitivity for Band 71 after diversity combining in the receiver was computed to be -70.4 dBm for LTE.  For NR, much of this can be reused.  However, the reference sensitivity for NR will slightly differ from that of LTE due to the higher spectrum utilization and therefore the wider receiver channel bandwidth in Band n71 [5].  The harmonic mixing noise level of -62.5 dBm and -67.7 dBm can be reused, but the thermal noise component will slightly differ for NR.  Nonetheless, the final reference sensitivity is dominated by the harmonic mixing noise level since this level is more than 20 dB larger than that of thermal and Tx noise.  Therefore, the slight difference in thermal noise component of NR Band n71 is insignificant and the LTE reference sensitivity of -70.4 dBm can be reused.
Proposal:  LTE CA MSD values between Band 2 and Band 71 for interference due to uplink harmonic in Band 71 as well as Rx harmonic mixing with uplink in Band 2 can be reused for the EN-DC combination of Band 2 and Band n71.
3. Conclusion

This contribution considers the MSD required for the EN-DC combination between LTE in Band 2 and NR in Band n71 due to harmonics.  The similar analysis already performed for the LTE CA combination between these two bands is leveraged, but with consideration to the differences that NR brings.  It is proposed that despite the NR changes primarily due to increased spectrum utilization, for this particular band combination, the MSD’s computed for LTE can be reused for NR.  The conclusions in this contribution apply to both 15 kHz and 30 kHz SCS in Band n71.
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