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1. Introduction
Discussion on sensitivity for sub6 5G NR. The proposal is subject to final MCS and coding which determines C/N for sensitivity.  The proposal is an overall typical NF including RF devices, front-end path-loss and implementation loss.  A block diagram with typical front-end components is recommended, the loss parameters for the front-end components are outlined and finally a reference noise figure is proposed.  It is assumed that any NR sub-6 bands that overlay or co-banded on existing LTE bands, will have the same NF. 
2. Discussion

Although the C/N requirements for decode at cell edge determine reference sensitivity, the MCS and the coding are still not defined.  This doesn’t stop RAN 4 in defining reference receiver options to determine overall system NF.  A front-end block diagram is proposed for sub-6 RF (Figure 1).  The proposed diagram is used to defined a reference NF but overall constraints and preference are still UE vendor specific -  3gpp defined sensitivity should not be a limiting factor.
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Figure 1: Typical Front-end for sub-6 RX
The block diagram assumes sub-6 band is split in two allowing two PAs to cover the 3.3 – 4.2 GHz region.  It is assumed that B42/B43 LTE, if required, will be cobanded on the 5G path and that WiFi/5G may also require the same antenna. Hence the need for the antenna switch. The diagram includes a block called ‘PCB & other losses’ and although a virtual block, it has been added to account for the real losses that occur in the PCB substrates and routing.
3. BOM parameters.

The diagram consists of blocks which individually contribute to the overall system NF.  The parameters are included in the below table.

	Blocks Specs

	 
	NF
	Insertion loss
	 

	Transceiver RX
	2.5
	 
	 dB

	SP3T
	 
	0.5
	 dB

	Band Filter
	 
	2
	 dB

	Antenna Switch
	 
	1.5
	 dB

	
	
	
	 


Table 1: Front-end Component Parameters
4. Noise Figure Calculation:

As all Front-end components provide a loss, simply adding the loss to the IC NF provides the overall system NF.  In the calculation, PCB losses were added and allocation for implementation.  An implementation loss is included as actual architecture could be different to allow for cost vs performance trade-offs – UE vendor specific.
	 
	3gpp reference
	 

	 
	 
	 

	Transceiver IC -NF
	2.5
	dB

	 
	 
	 

	SP3T
	0.5
	dB

	Filter
	2
	dB

	PCB loss
	1
	dB

	Antenna Switch
	1.5
	dB

	 
	 
	 

	Implementation 
	2
	dB

	 
	 
	 

	Composite NF
	9.5
	dB












Table 2: Composite System Noise Figure

Proposal:  Sub-6 reference NF for 3 – 5 GHz bands is 9.5 dB

Reference Sensitivity:

Once the system NF is known, the only unknown is the C/N requirement for the reference sensitivity – still TBD.  The following table details reference sensitivity which simply needs to be updated with the C/N to complete the reference sensitivity proposal for Sub-6.  LTE sensitivity is included for comparison purposes only.
	 
	BW MHz

	 
	LTE
	NR
	NR
	 

	 
	20
	50
	100
	MHz

	kTB
	-100.9
	-97.0
	-94
	dBm

	diversity
	-2.5
	-2.5
	-2.5
	dB 

	NF
	9.5
	9.5
	9.5
	dB

	C/N
	-1
	TBD
	TBD 
	dB

	sensitivity
	-94.9
	TBD
	TBD
	dBm









Table 3: Reference Sensitivity
5. Conclusion
A typical front-end RX architecture has been proposed and the Noise figure calculated along with implementation margin.  The proposed overall system NF, including 2dB for implementation is 9.5dB.  Once the C/N requirements for reference sensitivity are known, Table 3: Reference Sensitivity, can be updated. Also it is assumed that any NR sub-6 bands that overlay or co-banded on existing LTE bands, will have the same NF. 
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