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1. Introduction

In the last RAN4 #86 meeting, RAN4 agreed the WF on EN-DC_(n)71B UE RF reference architecture [1], and RAN4 will further discuss the antenna performance and require MPR/A-MPR requirements according to each RF architectures as below.
· RAN4 compares pros and cons of decide whether to define two sets of requirements, the 1st set of requirements based on the 1PA reference architecture as in [1], and adding the 2nd set of requirements based on the 2PA reference architecture in RAN4 #86-bis meeting.
· Companies are encouraged to provide A-MPR simulation results in RAN4 #86-bis meeting for both 1PA and 2PA reference architectures.
· RAN4 complete both sets of DC_(n)71B requirements by RAN4 #87.
Hence, in this paper, we provide our Antenna performance and MPR/A-MPR analysis on EN-DC_(n)71B UE according to two reference RF architectures.
2. Detail analysis of Antenna characteristics
In EN-DC_(n)71B UE, the following antenna configurations are considered as shown in Figure 1. 
Basically, we evaluate Tx and Rx antenna gain difference according to each RF architecture. 
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Figure 1. Antenna mounted position in EN-DC_(n)71B UE and gain performances based on two types UE
In Figure 1, the dot-line with red color show the Tx ant. gain of top-line for n71 Tx/Rx antennas. And the blue line show the gain of bottom main 1 Tx/Rx antenna. The maximum Tx antenna gain difference is about 4dB. The reason of the antenna gain difference is the antenna position since the lack of open area to guarantee antenna performance and there are more interfered signal from the earphone and speaker, so there was power imbalance between two separate antennas about 4dB. 
The second issue is that n71 Rx antenna has lower antenna gain compare to B71 DRx antenna since the top mounted n71 Tx antenna will be impact to the n71 Rx antenna design. Therefore 2.3dB Rx antenna gain will be reduced.
Furthermore, the top mounted Tx antenna will be impacted by human body effect specially head effect as shown in Figure 2.

[image: image3.png]



Figure 2. Antenna gain degradation by head effect according to antenna position in EN-DC_(n)71B UE
The top mounted antenna gain reduced about 9dB by head effect, the different offset is 4dB which level is higher loss compare to bottom mounted antenna loss. So the expected total antenna gain loss term is about 8dB compare to 1PA/1Ant. RF architecture.
So we can summarize the impact of antenna characteristics as below Table 1 by 2PA/2Ant. RF architecture.
Table 1. Tx/Rx antenna gain difference according to RF architectures
	
	1PA/1Ant. RF architecture
	2PA/2Ant. RF architecture

	Tx antenna gain
	X dB
	X - 4 dB

	Tx antenna gain by head effect
	X -5 dB
	(X- 4)- 9 dB = X-13dB

	DRx antenna gain
	Y dB
	Y- 2.3 dB


This antenna gain difference have serious problem to guarantee the reasonable uplink coverage. In means that LTE band 71 and NR n71 have same uplink coverage with 1PA/1Ant. RF architecture.

But, when RAN4 consider 2PA/2Ant. RF architecture, the uplink coverage has different between LTE and NR at same 600MHz frequency range.
Therefore, we recommend 1PA/1Ant. RF architecture is good reference RF architecture based on antenna characteristic and real UE form factor aspect between two RF architectures.
3. MPR analysis for EN-DC_(n)71B UE
In this session, we analyze the MPR/A-MPR requirements for EN-DC_(n)71B UE according to UE RF architecture.
To derive MPR/A-MPR level, we consider the follow simulation parameters and assumptions
· PA calibration point: QPSK 100 RB DFT-s-OFDM signal with 0.5 dB MPR

· LO leakage and IQ-Image = 28 dBc

· ALCR from 38.101-3, Table 6.5.3.2.4-1 (below)

· SEM from 38.101-3, Table 6.5.3.2.3.1-1 (according to our proposed correction [1]; below)

· NR general spurious limit from 38.101, Table 6.5.3.1-2
· Equal PSD for LTE and NR

· Same backoff reported for LTE and NR

Table 2: ACLR for intra-band EN-DC (contiguous sub-blocks)

	Parameter
	Unit
	Value

	EN-DCACLR
	dBc
	30

	Measurement bandwidth
	
	[0.95] ENBW

	Frequency offset of adjacent channel
	
	ENBW

/

-ENBW

	NOTE 1:
ENBW is the aggregated bandwidth in MHz of an E-UTRA sub-block and an adjacent NR sub-block; there is no frequency separation between the said sub-blocks. The sub-block bandwidths include any internal guard bands.

NOTE 2:
The frequency offset is that in between the centre frequencies of the measurement filters


Table 3: Additional requirements

	ΔfOOB
(MHz)
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement

[dBm]
	Measurement bandwidth

	0 MHz ( (f < 0.1 MHz
	0.015 MHz ( f_offset < 0.085 MHz
	-13
	30 kHz 

	0.1 MHz ( (f < ENBW
	0.15 MHz ( f_offset < ENBW – 0.05 MHz 
	-13
	100 kHz 

	ENBW ( (f < ENBW + 5 MHz
	ENBW+0.5 MHz ( f_offset < ENBW + 4.5 MHz
	-25
	1 MHz 

	NOTE 1:
ENBW is the aggregated bandwidth  of an E-UTRA sub-block and an adjacent NR sub-block; there is no frequency separation between the said sub-blocks. The sub-block bandwidths include any internal guard bands.


Based on these assumptions, we derive the MPR level for intra-band contiguous EN-DC with contiguous RB allocation and non-contiguous RB allocation.

Table 4: Required MPR for contiguous RB allocation according to RF architectures
	Contiguous RB(LTE+NR) EN-DC
	Comparison MPR levels

	LTE 10MHz BW
	NR 10MHz BW
	Ref. 5G NR MPR (CP-OFDM)
	EN-DC_(n)71B
Required MPR [dB]

	Waveform/
Modulation
	LTE RB
	Waveform/
Modulation
	NR RB
	
	

	
	
	
	
	1PA/1Ant.
	1PA/1Ant.
	2PA/2Ant.

	SC-FDMA/QPSK
	50
	CP-OFDM/QPSK
	50
	3dB
	3dB
	3dB


Table 5: Required MPR for non-contiguous RB allocation according to RF architectures
	Non-contiguous RB(LTE+NR) EN-DC
	Comparison MPR levels

	LTE
10MHz BW
	NR
10MHz BW
	Reference MPR

Intra-band LTE CA non-contiguous RB allocation (class B)
[dB]
	EN-DC_(n)71B

Required MPR 
[dB]

	Waveform/
Modulation
	LTE RB
	Waveform/
Modulation
	NR RB
	1PA/1Ant.
	1PA/1Ant.
	2PA/2Ant.

	SC-FDMA/QPSK
	1
	SC-FDMA/QPSK
	1
	10.0 dB
	8.5dB
	1dB

	SC-FDMA/QPSK
	5
	SC-FDMA/QPSK
	5
	9.0 dB
	3.5dB
	-

	SC-FDMA/QPSK
	10
	SC-FDMA/QPSK
	10
	7.0 dB
	2.5dB
	-

	SC-FDMA/QPSK
	15
	SC-FDMA/QPSK
	15
	6.5 dB
	2dB
	-

	SC-FDMA/QPSK
	20
	SC-FDMA/QPSK
	20
	5.5 dB
	1.5dB
	-


This required MPR levels are big different between 1PA/1Ant and 1PA/2Ant RF architectures for non-contiguous RB allocation at total 20MHz frequency range to satisfy the general RF requirements such as ACLR, SEM and SE at FR1. 
However, when we consider above antenna gain difference between two type UE, there are no big different between two RF architectures since the 8dB TRP loss will be bring to system performance degradations, even if RAN4 consider the EN-DC_(n)71B UE has the additional duplexer, RFIC and others for 2PA/2Ant. RF architecture.
From the analysis results we propose as follow 
Proposal 1: For the EN-DC_(n)71B UE, the reference RF architecture should consider 1PA/1Ant. RF architecture to derive MPR/A-MPR and MSD levels.
Also this required MPR levels for EN-DC UE can meet the MPR requirements for LTE intra-band CA class B for non-contiguous RB allocation. 
Therefore, we can reuse the LTE intra-band CA class B MPR requirements for EN-DC_(n)71B UE with 1PA/1Ant. RF architecture.
Proposal 2: MPR requirements for EN-DC_(n)71B UE can reuse the MPR requirements for LTE intra-band CA class B with non-contiguous RB allocation.
4. Conclusions


In this contribution, we provide further evaluation results on antenna gain characteristics based on two RF architectures for EN-DC_(n)71B UE. Also provide MPR results to satisfy the general RF requirements for EN-DC UE. From the analysis results, we proposed as below
Proposal 1: For the EN-DC_(n)71B UE, the reference RF architecture should consider 1PA/1Ant. RF architecture to derive MPR/A-MPR and MSD levels.
Proposal 2: MPR requirements for EN-DC_(n)71B UE can reuse the MPR requirements for LTE intra-band CA class B with non-contiguous RB allocation.
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