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Introduction
Band n46 is to be introduced for NR-U, analogous to Band 46 for LAA/eLAA.  Reference sensitivity is one of the key receiver requirements to be specified.  In this contribution, we evaluate reference sensitivity for Band n46 using Band 46 specifications as a starting point.
Discussion
There are several aspects to be considered when evaluating reference sensitivity for Band n46.  These are described below.
Noise figure 
For LAA Band 46 defines reference sensitivity requirements for 10 MHz and 20 MHz channels as -93 dBm and -90 dBm respectively.  Technical justification for this value is provided in [1], [2], [3] for example with the following considerations
· Insertion loss of a ceramic filter at 5 GHz covering Band 46 and providing 35 – 40 dB rejection into licensed bands,
· Diplexer to enable sharing the antenna with 2.4 GHz and 5 GHz WiFi, 
· T/R switch and trace loss at 5 GHz higher frequency when compared with 3.5 GHz bands, i.e., Band 42 and 43.
It was recognized that due to the lossier components at 5 GHz and the switching, duplexing, and filtering required, the front-end loss would be approximately 3 dB higher than that for Band 42 and 43 at 3.5 GHz.  An effective noise figure of approximately 13 dB leads to the reference sensitivity specification for LAA Band 46 which can be represented as follows
-174 dBm/Hz + 10*log10(18 MHz) + 13 dB NF and FE loss + 2.5 dB implementation margin -1 dB demod SNR – 3 dB diversity gain = -90 dBm.
For NR-U in Band n46, since the frequency range and front-end configuration is the same, the effective noise figure from LAA can be reused.  When scaled for bandwidth, the following reference sensitivity specifications are obtained 
Table 1.  Reference sensitivity values for Band n46.
	Operating Band
	SCS kHz
	20
MHz
(dBm)
	40
MHz
(dBm)
	60
MHz
(dBm)
	80
MHz
(dBm)

	n46
	15
	-89.7
	-86.6
	
	

	
	30
	-89.9
	-86.7
	-84.8
	-83.6

	
	60
	-90.1
	-86.9
	-85.0
	-83.6



Wideband operation
NR-U can operate in up to 80 MHz channels composed of four 20 MHz sub-bands.  Reference sensitivity is typically defined with the downlink channel fully allocated since the requirement is primarily a verification of noise figure rather than narrowband response.  Following this convention, it can be expected that for wideband operation, all sub-bands should be scheduled and fully allocated to verify reference sensitivity.  On the other hand, due the nature of NR-U operating in shared spectrum the possibility of scheduling only a fraction of sub-bands within the channel for downlink is possible in the field.  Therefore, it should be discussed whether reference sensitivity also needs to be verified under configurations where only a portion of the sub-bands are scheduled for downlink.  For example, in an 80 MHz channel, should reference sensitivity be verified not only for the full 80 MHz downlink, but also for all or some possible partial sub-band configurations?  
If it is agreed that partial sub-band configurations are to be verified for reference sensitivity, a number of issues need to be addressed.  First, the number of configurations can be large.  For 80 MHz channel with four 20 MHz sub-bands, there are 14 possible configurations where partial sub-bands are scheduled.  Moreover, assuming an 80 MHz wideband receiver, the sensitivity for various configurations would need to be verified.  In case only three of four sub-bands are allocated, for example, should the reference sensitivity be the same as the reference sensitivity for a 60 MHz channel with all sub-bands allocated?  Would this conclusion differ depending on which sub-bands are allocated, for example, edge sub-bands compared to interior sub-bands?  It is expected that the reference sensitivity would differ depending on the number of sub-bands allocated and possibly on their location.  While the SNR normalized per tone is only dependent on the number of tones allocated, assuming uncorrelated white noise, the receive processing of the time domain signal before separation into tones would be subjected to increased noise.  Additionally, it is noted that reference sensitivity is always defined with all downlink RB’s allocated despite the fact that only a subset of RB’s is expected to be scheduled for any particular UE in the field.  
On the other hand, if only fully allocated sub-band configurations are verified, there is an implication to other receiver requirements such as ACS and blocking.  For other receiver requirements, the power of the wanted signal is generally determined by applying an offset to reference sensitivity; for example, refsens + 14 dB for ACS.  If reference sensitivity is not defined for partial sub-band configurations, then other Rx requirements such as ACS and blocking can also not easily be defined for partial sub-band configurations.  It would not be consistent to verify reference sensitivity with only full sub-band configurations, but other receiver requirements with partial sub-band configuration.  
Since reference sensitivity is fundamentally a verification of receiver noise figure and due to the additional complexity of evaluating reference sensitivity requirements for the condition where not all downlink sub-bands are allocated, it is proposed that reference sensitivity requirements are only defined for the case where all sub-bands in the downlink channel are fully allocated.  This agreement would also carry over to other Rx requirements that are dependent upon reference sensitivity.
Carrier aggregation and EN-DC
For carrier aggregation and EN-DC, both inter-band for CA and EN-DC and intra-band CA reference sensitivity specifications are needed.  Inter-band CA and DC are needed for the non-standalone use-case where Band n46 is paired with a licensed band.  In this case, the standalone reference sensitivity as described above can be leveraged.  In case of harmonic, harmonic mixing, or uplink intermodulation interference, an MSD (reference sensitivity exception) evaluation is needed.  Since Band n46 is such a large band, most paired bands will generate interference over at least a portion of the band.  It is assumed that synchronization between Band n46 and licensed TDD bands is not possible due to the shared nature of the NR-U band and the requirement for LBT.
Band n46 combinations listed in [4] include
NR CA: Band n1, n38, n78, n25, n66, n48
EN-DC:  Band 2, 48, 66
	Intra-band CA (downlink):  n46B, n46C, n46D, n46E, n46I
Table 2.  Band n46 combinations requiring MSD evaluation
	Configuration
	Paired band
	Harmonic order
	Harmonic mixing order
	IMD order

	NR CA
	n1
	3
	
	5

	
	n38
	2
	2
	

	
	n78
	
	5
	

	
	n25 (DL CA only)
	3
	3
	

	
	n66 (DL CA only)
	
	3
	

	
	n48
	
	5
	

	EN-DC
	B2
	3
	3
	3, 5

	
	B48
	
	5
	

	
	B66
	3
	
	3



The calculation of MSD values is FFS.
Conclusion
This contribution discusses the reference sensitivity requirement for NR-U in Band n46.  It is proposed that the effective noise figure assumption used for Band 46 is also adopted for Band n46 since the frequency range and expected front-end loss are the same.  This is the same approach used for other NR bands.  For wideband operation, the unique aspect of NR-U is that the channel is composed of 20 MHz sub-bands.  Therefore, it is possible for the UE to be scheduled to operate in partial sub-bands.  However, it is proposed that since reference sensitivity is fundamentally a noise figure requirement and to avoid unnecessary specification work, reference sensitivity shall be defined only with all sub-bands and all RB’s scheduled.  In fact, this is the convention for all reference sensitivity requirements for LTE and NR where all downlink RB’s are scheduled.  Other Rx requirements dependent on reference sensitivity would then also be defined with all sub-bands and RB’s scheduled.  Lastly, for CA and EN-DC, MSD is required when there is harmonic, mixing, and UL IM interference due to the uplink in the paired band.
Proposal 1.  Reference sensitivity values according to Table 1 are agreed.
Proposal 2.  Reference sensitivity and all other Rx requirements dependent on reference sensitivity for NR-U are defined with all sub-bands allocated and all downlink RB’s fully allocated.
Proposal 3.  MSD requirements are to be defined for CA and EN-DC configurations as identified in Table 2.
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