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1. Introduction

In the last RAN4 #85 meeting, WF on UE REFSENS at mmWave was agreed as below. 
· REFSENS WF at mmWave
· Verify alignment on equation parameters for beam peak EIS calculation
· Companies are encouraged to provide additional analysis to finalize beam peak EIS definition 
· For 28 GHz, the beam peak EIS range is [-92.1 to -85.4] dBm
· For 39 GHz, the beam peak EIS range is [-91.8 to -82.6] dBm

· For testability, discussion and agreement on an approach to take place during RAN4 AH #1801. 
 Hence, in this paper, we provide our views on the NR UE REFSENS requirements for mmWave UE based on agreed WF.
2. Peak EIS REFSENS requirements 
Basically, we consider different RFIC and different antenna between sub-6GHz and mmWave as RF architectures for NSA UE.
To derive the peak EIS REFSENS in range2, we considered the detail RF performance and parameters based on antenna type (patch and/or dipole) based on implementation possibility as phone factor devices. 

The target SNR level will be discussed and decided in demodulation session, then we will revise the SNR point according to the code rate of channel coding schemes. Before the decision, RAN4 agreed to use the tentative SNR value as -1dB.
Table 1. Basic Assumption for NR band at range 2
	RF parameters
	n257

(26.5~29.5GHz)
	n258

(24.25~27.5GHz)
	n260 

(37 ~40.0GHz)

	CBW
	50MHz
	50MHz
	50MHz

	Max. RX_BW
	47.52 MHz 

(SCS 15kHz)
	47.52 MHz 

(SCS 15kHz)
	47.52 MHz 

(SCS 15kHz)

	Noise Figure
	10
	10
	11

	No. Rx ant.
	4
	4
	4

	Total Ant. Gain1
	10 dB (5+6-1)
	10 dB (5+6-1)
	9 dB (4+6-1)

	Diversity Gain
	0.0 dB
	0.0 dB
	0.0 dB

	Implementation IL2
	8.5dB
	8.5dB
	9.5dB

	SNR point
	-1 dB
	-1 dB
	-1 dB

	Expected REFSENS
	-89.73dB
	-89.73dB
	-86.73 dB

	Note 1: Effective realized antenna array gain includes realized array gain + roll-off

Note 2: Implementation loss includes RF feeding loss, cover loss, Phase-shifter loss and antenna efficiency.


· REFSENS = -174dBm(kT) + 10*log(Max. RX BW) + NF – Total Ant. gain - diversity gain + SNR + ILs = -174 + (76.8) + 10 – 10-0 - 1 +8.5 = -89.7 dBm
Based on the above assumption, the required REFSENS at mmWave can be derived as below Table 2.
Table 2. Proposed Peak EIS requirements
	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	[-89.7]
	[-86.7]
	[-83.7]
	[-80.7]

	n258
	[-89.7]
	[-86.7]
	[-83.7]
	[-80.7]

	n260
	[-86.7]
	[-83.7]
	[-80.7]
	[-77.7]


Based on the analysis we propose as below

Proposal 1: For the REFSENS requirements at mmWave, we propose peak EIS levels in Table 2 for NR UE at mmWave according to the operating bands and supported CBW.
3. CDF based REFSENS requirements

In last RAN4 #84BIS meeting, RAN4 has discussed the CDF based EIS requirements to guarantee the spherical coverage. 
However, some companies propose not to specify the spherical coverage EIS requirements for aligned beam reciprocity between received beam and transmitted beam.

Also RAN4 discussed the beam correspondence test methodology to verify the beam correspondence at last RAN4 meeting. 
Generally, beam correspondence will depends on the structure of UE antenna architecture such as antenna array, antenna panel and number of antenna.
In beam locked case with peak EIRP beam direction, the beam correspondence will be aligned between Tx and Rx beam since TX and RX are on the same panel and the number of TXU equals the number of RXU.
So if RAN4 specify the beam correspondence RF requirements in TS38.101-2, RAN4 do not need to make additional EIS requirements for spherical coverage since it will be guaranteed by EIRP requirements for spherical coverage.
This approach is quite useful to save OTA test time when the UE’s beam reciprocity is guaranteed by beam correspondence test. Based on the analysis we proposed as below
Proposal 2: The EIS requirements for spherical coverage at mmWave, will be guaranteed by EIRP spherical coverage test when the beam reciprocity is verified by beam correspondence test.

4. Conclusions


In this contribution, we provide peak EIS and CDF based test point for spherical coverage for REFSENS requirements according to NR best and worst UEs at mmWave. Based on the analysis in session 2, we share our proposals as below
Proposal 1: For the REFSENS requirements at mmWave, we propose peak EIS levels in Table 2 for NR UE at mmWave according to the operating bands and supported CBW.
Proposal 2: The EIS requirements for spherical coverage at mmWave, will be guaranteed by EIRP spherical coverage test when the beam reciprocity is verified by beam correspondence test.
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