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1
Introduction
In the RAN4 #84 meeting, NR reached a WF for reference sensitivity at mm-wave [1]. Several things were agreed in a WF on UE reference architecture [2]. This paper details current agreements on REFSENS for mm-wave and provides our views on an initial framework to define the necessary parameters for sensitivity equation for alignment discussion.

2
Discussion

2.1
Background

REFSENS equations and test parameters have been discussed to derive REFSENS RF requirements in mm-wave. Based on discussions, alignment is needed on this equation and its parameters for testing.
From RAN4 #83  REF _Ref485282885 \r \h 
[3]: 
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From RAN4 #84  REF _Ref485283130 \r \h 
[1]:
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The sensitivity equation parameters have a lot of overlap with those described in mm-wave power class definition. These were agreed on the WF for power class and CDF from RAN4 #84 [4]. The list of relevant parameters is found below in Table 1.
Table 1: Antenna-related parameters

	Parameter
	Unit
	Value

	Number of antennas in array
	
	4

	Element gain
	dBi
	4.0

	Ideal array gain
	dB
	10.0

	Gain variation with frequency
	dB
	-1.0 

	Case losses (not including beam pointing loss)
	dB
	-2.5

	Array gain
	dB
	6.5

	Implementation losses (IL)
	dB
	-2.0

	Polarization gain
	dB
	2.2


The total antenna gain for 4-elements (under ideal conditions) is 10 dB. The diversity gain used will depend on the number of Rx chains used (e.g. 3 dB for 2Rx). Its current value at 3 dB is greater than the 2.2 dB quoted for diversity gain (related to polarization gain) in the power class table (Table 1). This difference can be accounted for in losses (perhaps those associated with noise leaking into the receiver). The difference can also be attributed to the fact that this is only a polarization gain and a more general diversity gain may include additional diversity schemes.
Proposal 1: Since it is not consistent to assume two different diversity gain values for the power class and RESENS discussions, it is proposed to align on the diversity gain value of 2.2 dB, and specify the diversity schemes included in the gain.
Proposal 2: The array gain parameter in the sensitivity equation is understood to include losses associated with the implementation of individual antenna elements and the case losses associated with the integration of an array into the form factor.
Proposal 3: The implementation losses parameter in the sensitivity equation is understood to include losses associated with the implementation and integration of the array from the chip perspective, which also include conducted losses in the antenna feed network.
2.2
Sensitivity equation parameters and EIS calculation

From the agreed WF for UE mandatory channel bandwidth [5], the list of chosen channel bandwidths per subcarrier spacing option still contain open or TBD aspects. Coupling these agreements with the outcome of the spectrum utilization discussion in [6], it is likely that the REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing.

Observation 1: The REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing.

The noise figure term is frequency dependent, and as such is left open for now and should be later specified according to the chosen frequency. At lower frequencies, the NF used in LTE is 9 dB and it is expected to be higher as we go up in frequencies.

Observation 2: Noise figure values need to be chosen on desired mm-wave frequencies.

Likewise, and more complicated, is the situation with SNR. This term can be derived based on 1 Rx chain, or 2 and 4 chains. Thus, it is left as for future study as its definition in mm-wave is agreed upon. Lastly, before a reasonable figure for the implementation margin losses can be chosen, a thorough definition of what term includes needs to be discussed (e.g. feed losses, cover losses, etc.).
Because a value associated with 2 Rx chains has been assumed for the diversity gain term in the sensitivity equation, the demodulation assumption for the SNR simulation is 1 Rx. We note that this is not the most straightforward approach, since demodulation scenarios for 2 Rx scenarios model both receivers in the baseband simulation and include the diversity gain in the baseband result. However, the current approach is also possible, provided the diversity gain is not counted twice.
Proposal 4: Because a value associated with 2 Rx chains has been assumed for the diversity gain term in the sensitivity equation, the demodulation assumption for the SNR simulation is 1 Rx.
2.3
REFSENS requirement definition

After the necessary terms have been agreed upon, we can address how to define the REFSENS requirement. Several options were presented on the WF [1]. These are shown below:

· Option 1: Defined as Beam Peak EIS or
· Option 2: Defined as a CDF EIS 
· [A %] EIS CDF: The percentile and # of points of CDF curve will be FFS.
· Option 3 : Defined as Beam Peak and CDF EIS combinations
Option 1 makes little sense because it is focused on peak boresight value alone. Beamforming depends on antenna topology, and not all directions are expected to be equally distributed. This means the proper definition for the REFSENS requirement should provide more than just the peak EIS value. A spherical distribution with steering away from boresight provides a more realistic picture of coverage. As defined in option 2, this one should include percentile points and ultimately create an EIS mask. Given the level of detail included in such a mask, there is no need for option 3.  

Proposal 5: Define the REFSENS requirement as an EIS CDF mask with 50% percentile point
3
Conclusions

This paper shared our position on REFSENS requirements and the necessary parameters to define these. The following observations and proposals have been made:

Proposal 1: Since it is not consistent to assume two different diversity gain values for the power class and RESENS discussions, it is proposed to align on the diversity gain value of 2.2 dB, and specify the diversity schemes included in the gain.

Proposal 2: The array gain parameter in the sensitivity equation is understood to include losses associated with the implementation of individual antenna elements and the case losses associated with the integration of an array into the form factor.
Proposal 3: The implementation losses parameter in the sensitivity equation is understood to include losses associated with the implementation and integration of the array from the chip perspective, which also include conducted losses in the antenna feed network.
Observation 1: The REFSENS requirement may be defined as a function of bandwidth and subcarrier spacing.

Observation 2: Noise figure values need to be chosen on desired mm-wave frequencies.

Proposal 4: Because a value associated with 2 Rx chains has been assumed for the diversity gain term in the sensitivity equation, the demodulation assumption for the SNR simulation is 1 Rx.

Proposal 5: Define the REFSENS requirement as an EIS CDF mask with 50% percentile point
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Agreements


In Rel-15 UE in the 28GHz mm-wave range NR


REFSENS requirement shall be based on DL MRC diversity (rank 1 with two receivers).


FFS whether this apply to all directions.


UE architecture shall support minimum dual layer (same as LTE rank 2) for demodulation performance requirement. 


FFS whether this apply to all directions.


RF architecture support for higher order DL layers is optional.





Agreements: 


Definition of Sensitivity equation in mm-wave


RAN4 can derive the REFSENS requirement based on alignment on peak EIS level equation and options listed in slide #6


Sensitivity = -174dBm(kT) + 10*log(Max. RX BW) + NF – Total Ant. gain – diversity gain + SNR + ILs


Total ant. gain = element gain + beamforming gain


ILs: Implementation Losses


Max. RX BW: Max. Received BandwidthOption1: Defined as Beam Peak EIS or


Detail REFSENS requirements will be discussed and decided


Option 1: Defined as beam peak EIS or


Option 2: Defined as a CDF EIS 


[A %] EIS CDF: The percentile and # of points of CDF curve will be FFS.


Option3 : Defined as Beam Peak and CDF EIS combinations
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