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Introduction
A CR [1] was agreed to introduce the UE RF requirements for NR-U in Band n46 and Band n96.  However, a few of the specifications are in square bracket to enable further confirmation.  This contribution discusses reference sensitivity which was agreed in a square bracketed range.
Discussion
Reference sensitivity for Band n96
A value of reference sensitivity for Band n96 could not be agreed by consensus; rather, a range of values in square brackets was agreed as follows
[bookmark: _Hlk507958268]Table 7.3F.2-1: Two antenna port reference sensitivity QPSK PREFSENS
	Operating band / SCS / Channel bandwidth

	Operating Band
	SCS kHz
	20 MHz (dBm)
	40 MHz (dBm)
	60 MHz (dBm)
	80 MHz (dBm)

	n96
	15
	[-89.7 to - 87.3]
	[-86.6 to -84.2]
	
	

	
	30
	[-89.9 to -87.5]
	[-86.7 to -84.3]
	[-84.8 to -82.4]
	[-83.6 to -81.2]



The reference sensitivity values at the lower end of the range coincide with those of Band n46 [2], while those at the upper end of the range proposed by one company are degraded by additional 2.4 dB discussed during RAN4 #96-e and captured in the email discussion summary [3].  These value are obtained using noise figure (including FE loss) assumptions of 13 dB and 15.4 dB, respectively.
The justification for the lower value is given in [4].  
On the other hand, the following counter-arguments were asserted by one company in [3] and subsequent meeting discussion where the larger value was proposed.
1.  The analysis provided in [4] is applicable for module-based front-end solutions with small trace loss, but discrete solutions are expected to exhibit larger losses,
2.  The assumed front-end architecture assumes a single front-end signal path for both 5 GHz and 6 GHz frequency ranges; hence, a switch and its loss is needed to be able to separate the two (comment in [5])
3.  The reference sensitivity is not sufficient to accommodate the additional insertion loss of filters to enable simultaneous Tx/Rx operation between Band n96 and other bands
4.  The noise figure of the LNA increases at the higher Band n96 frequency range compared to Band n46 frequency range.

Noise figure assumption relative to other bands
Compared to Band n46, the same NF value of 13 dB is proposed for Band n96.  A NF of 13 dB represents the highest NF of any FR1 band.  This is due to the higher insertion losses, lower gains, and higher noise at the higher frequencies.  For reference, the NF for lower frequency FR1 bands is typically in the range of 9 to 12 dB.  At even higher frequencies in FR2, the assumed NF is also 9 dB at 28 GHz and possibly 13 dB at 47 GHz.  The FR2 assumptions reflect an expectation that the FR2 receiver front-end is simpler than the front-end for FR1 with fewer bands to multiplex and aggregate with increasing loss from 28 GHz to 47 GHz.  Thus, a proposed NF exceeding 13 dB does not appear justified for Band n96.
Insertion loss due to filtering requirement
One argument that has been made for increased NF in Band n96 is to accommodate the additional insertion loss when a front-end filter is required to enable concurrent Tx/Rx in a carrier aggregation or dual connectivity configuration with a band at 3.5 GHz.  Indeed, it is expected that the insertion loss will increase due to the need for additional filtering.  However, the effect of this additional insertion loss is not conventionally captured in the reference sensitivity requirement for the band, but rather as a DRIB allowance when the UE supports the CA or DC configuration.  It is also noted that the DRIB allowance is made available even under single carrier operation since the additional insertion loss in the front-end is always present in a UE that supports the CA or DC configuration.  Thus, the argument to degrade single carrier Band n96 reference sensitivity to accommodate potential CA or DC configurations is misplaced.  That argument should be made for determining DRIB values when CA/DC combinations are studied in the future.
Insertion loss due to front-end switching
Another argument to relax the NF is that the front-end architecture used in the evaluation is incorrect (see email summary comment in [5]).  The assumed front-end architecture does not properly include the necessary switch to isolate Band n79, n46, and n96 from one another.  Hence, the insertion loss of this switch is not included in the proposed NF.  In fact, the proponents of this argument further suggest that Band n79 reference sensitivity shall be revisited to account for the IL of the switch as a consequence of introducing Band n46 and n96.  There is merit to this argument as it is expected that the complexity of the front-end does increase as the number of supported bands increases.  In fact, there was discussion in the context of Rel-10 carrier aggregation that the allowed Tx and Rx relaxations might scale according to the number of bands supported by the UE.  However, no such concept could be agreed and instead, it was assumed that over time the number of supported bands would increase but the technology would also improve to reduce insertion loss.  These two effects might counteract one another.  Therefore, RAN4 has not generally agreed to increased relaxation when a new band is introduced requiring additional switching and complexity in the front-end.  
Other factors
Finally, other factors were also argued to justify a reference sensitivity relaxation.  For example, the summary on front-end loss presented in [4] is applicable to module-based designs, but discrete designs might have more loss.  The inherent noise figure achievable in the LNA at higher frequencies is larger.  Indeed, discrete designs may exhibit larger trace losses than those observed within modules; however, the incremental increase in insertion loss is not expected to be large since otherwise, discrete designs would not be competitive.  The NF does tend to diminish as the frequency increases; however, as noted above, the NF at 28 GHz is still assumed to be 9 dB.  As another data point, the noise figure has been evaluated in the Study Item for the 7 to 24 GHz frequency range where a NF of 9 dB was agreed for the UE at 10 GHz (TR 38.820, sub-clause 5.5.1.3.2).  Similarly, in the Study Item for 6 to 10 GHz frequency range, the same value of 9 dB NF has been proposed [6].  Thus, the previous studies did not find a justification to increase the NF beyond even 9 dB for frequencies of 6 GHz, 10 GHz, and 28 GHz.  Therefore, 13 dB NF already seems excessive with respect to these other conclusions and anything higher would be without basis.
Conclusion
This contribution discusses reference sensitivity for Band n96.  It is proposed to adopt the same value as already agreed for Band n46, which is already significantly relaxed compared to other 3GPP bands and compared to studies conducted by RAN4 in the context of IMT parameters in the same frequency range.  The counter-arguments regarding additional insertion loss due to filtering and switching are accommodated by DRIB allowances where it has already been agreed that these allowances do not scale according to the number of bands supported by the device.  Thus, there is insufficient technical justification to motivate an further dilution of reference sensitivity in Band n96.
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