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1. Introduction

In the last RAN4 #83 meeting, WF on UE reference architecture in mmWave was agreed [3] as below. 
· In Rel-15 UE in the 28GHz mmWave 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.
Hence, in this paper, we provide our views on the NR UE REFSENS requirements for both range1 and range2 UE based on agreed WF [3].
2. REFSENS requirements 
In rel-15 NR WI, RAN has been considering both standalone NR UE type and LTE + NR (NSA) NR UE type. Basically, shared antenna RF architectures are considered on LTE + sub-6GHz NR UE RF architecture. And different antenna and RFIC architecture are considered for LTE+ mmW NR UE.
1.1 REFSENS in range1
To derive the REFSENS in range1, we considered LTE basic RF architecture in range 1. For the additional parameters, we consider implementation possibility and phone factor devices.
· Basic Assumption for range 1
· Noise figure : 9dB, CH_BW: 20MHz

· SINR : -1dB for QPSK r=1/3
· Number of Rx ant. = 2
· 2Rx diversity Gain
· Ant. element gain = 0dB

· Option1: array gain +element gain = 3dB
· Option2: array gain + element gain + polarization gain =6dB

· Implementation margin (IM) : 2.5dB

· REFSENS = KTB + 10log10(CH_BW) + NF + SINR+ IM – diversity gain =-174 + (73) +9 + (-1) +2.5 -3 = -93.5 dBm
Based on the above assumption, the required REFSENS for range 1 can be derived as below Table 1.
Table 1. Candidate REFSENS requirements in Range 1
	
	Channel BW

	REFSENS
	20MHz
	40MHz
	50MHz
	100MHz

	2Rx w/o cross polarization
	-93.5
	-90.5
	-89.5
	-86.5

	2Rx w cross polarization
	-96.5
	-93.5
	-92.5
	-89.5


For the NSA NR UE in range1, harmonics problems will be impacted to the own NR band [6]. Hence RAN4 need to define MSD level for NR band. Also, RAN4 need to study how to protect legacy LTE band when NSA UE transmit with dual uplink. One possible solution is that eNB does schedule to avoid the IMD impact into LTE band by adjusting of the NR UE fc and allocated RB position for uplink transmission. 
1.2 REFSENS in range 2

 For REFSENS in mmWave, we considered the agreed WF [3] for mmWave NR UE RF architecture.
· Basic Assumption for range 2

· Noise figure : 10dB, CH_BW: 100MHz

· SINR : 3dB for QPSK r=1/3
· Number of Rx ant. = 2

· 2Rx diversity Gain 

· Ant. Element gain =5dB 
· Option1: array gain + element gain = 8dB
· Option2: array gain + element gain + polarization gain = 11dB
· Implementation margin : 3.5dB

· REFSENS = KTB + 10log10(CH_BW) + NF + SINR+ IM – diversity gain =-174 + (80) +10 + 3+3.5 -8 = -88.5 dBm

Based on the above assumption, the required REFSENS for range 2 can be derived as below Table 2.
Table 2. Candidate REFSENS requirements in Range 2
	
	Channel BW

	REFSENS
	50MHz
	100MHz
	200MHz
	400MHz

	2Rx w/o cross polarization
	[-88.5]
	[-85.5]
	[-82.5]
	[-79.5]

	2Rx w/ cross polarization
	[-91.5]
	[-88.5]
	[-85.5]
	[-82.5]


For the target SINR point, RAN4 demodulation part can propose the consensual SINR level from each company’ simulation results to satisfy the target throughput based on agreed simulation parameters.
For the NSA NR UE in range2, harmonics problems are not critical impact to the mmW NR band due to over than 10th harmonic order [6]. Also the IMD product does not impact to NR band since there is simultaneous transmissions or simultaneous receptions in mmW NR TDD band. So In range2, RAN4 do not need to define MSD for any LTE and NR bands.
Based on the analysis of NR UE in mmW UE, we propose as follow

Proposal 1: For the REFSENS requirements, we propose to use the proposed REFSENS equations to derive REFSENS requirements for both the range 1 and range2.
· REFSENS = KTB + 10log10(CH_BW) + NF + SINR+ IM – diversity gain
Proposal 2: For NSA UE (LTE+ NR in range1), MSD should be defined in NR band by harmonics and IMDs problems. Furthermore, IMD products will be impacted in legacy LTE bands. So RAN4 need to study how can protect the legacy LTE band.

Proposal 3: For NSA UE (LTE+ NR in range2), there was no critical impact to LTE bands and NR bands by harmonics and IMD products. Hence, RAN4 do not need to study MSD in range2.
3. Conclusions


In this contribution, we provide our views on how to define REFSENS requirements for both range 1&2. Based on the analysis in session 2, we share our proposals as below
Proposal 1: For the REFSENS requirements, we propose to use the proposed REFSENS equations to derive REFSENS requirements for both the range 1 and range2.
· REFSENS = KTB + 10log10(CH_BW) + NF + SINR+ IM – diversity gain
Proposal 2: For NSA UE (LTE+ NR in range1), MSD should be defined in NR band by harmonics and IMDs problems. Furthermore, IMD products will be impacted in legacy LTE bands. So RAN4 need to study how can protect the legacy LTE band.

Proposal 3: For NSA UE (LTE+ NR in range2), there was no critical impact to LTE bands and NR bands by harmonics and IMD products. Hence, RAN4 do not need to study MSD in range2.
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