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1. Introduction
In this document, we discuss the 8-20_n1, 8-20_n3, and 8-20_n28 LB-LB-MB/LB combinations in terms of MSD and feasibility of UE form factor design. The work is requested for the need for higher DL thruput as in LTE, but with the added twist of the added impact of an extra UL for NR [1]. Additionally, we discuss MSD and feasibility [2].
2. Discussion
2.1. LB_LB_MB MSD

2.1.1.  DC_8_20_n1 IMD4 MSD

· Architecture to use would be 2 x 2 on 2 antennas making use of a quadplexer for 8-20.
· MSD is already defined DC_1-20_n8 for IMD4 into B20 (3*n8 TX – 1*B1 TX = B20 RX as well as DC_5-13_n66 for a similar IMD4 product line. The MSD for these band combinations are 9.4dB and 11.5dB respectively.
· It is uncertain whether the MSD for DC_1-20_n8 defined tin the spec was using a 2 x 2 on 4 antennas architecture, which will give a better MSD result than using 2 x 2 on 2 antennas with a quadplexer because the IMD products on the former architecture are most likely very similar on the primary and diversity antennas, whereas on the latter architecture, the IMD product will be worse on the primary than the diversity depending on the quality of quadplexer and the PCB isolation for the forward IMD4 components.
· Nevertheless, we propose the following budget for similar MSD based on quadplexer performance to make up for the extra IMD attenuation provided by the diplexer. The final MSD result turns out to be 9.4dB and 11.3dB for the 2x2 on 4 antennas and 2x2 on 2 antennas respectively. See IMD4 budget below:
· Table 2.1.1-1: MSD test points due to dual uplink operation for EN-DC in NR FR1 (three bands)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL

LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_8A-20A_n1A
	8
	910
	5
	25
	955
	N/A
	N/A

	
	20
	846
	5
	25
	805
	11.3
	IMD4

	
	n1
	1925
	5
	25
	2115
	N/A
	N/A


[image: image1.emf]At LNA

FIMD_PA  at B20 -69.5 -79.5 -85.2 -95.2 -79.5 -79.5 -95.2 -95.2

FIMD_PA  at n3/n1 -69.5 -79.5 -227.2 -237.2 -79.5 -79.5 -237.2 -237.2

RIMD_PA at n3/n1 PA -81.5 -91.5 -205.5 -215.5 -91.5 -91.5 -215.5 -215.5

RIMD_PA at B20 PA -82 -92 -98 -108 -92 -92 -108 -108

PRX LNA -69.5 -84.5 -79.5 -94.5

DRX_LNA -79.5 -94.5 -79.5 -94.5

Referred to Antenna

IMDn_Emission_dBm -60.5 -70.5 -80.7 -90.7 -70.5 -70.5 -90.7 -90.7

TX_IM2 -111.0 -111.0 -111.0 -111.0 -111.0 -111.0 -111.0 -111.0

Tx_noise -99.1 -99.1 -99.1 -99.1 -99.1 -99.1 -99.1 -99.1

TX_total -60.5 -70.5 -80.7 -90.1 -70.5 -70.5 -90.1 -90.1

Themal -96.0 -96.0 -96.0 -96.0 -96.0 -96.0 -96.0 -96.0

Composite -60.5 -70.5 -80.5 -89.1 -70.5 -70.5 -89.1 -89.1

MRC REFSENS -70.0 -88.7 -71.5 -90.6

REFSENS -97 -100 -97 -100

MSD 27.0 11.3 25.5 9.4

DC_8_20_n1

IMD4->B20

2 x 2 on 2 antennas 2 x 2 on 4 antennas

IMD2 -> B8, B20 IMD4->B20

DC_8_20_n3 DC_8_20_n1 DC_8_20_n3

IMD2 -> B8, B20


· Proposal 1: Use IMD4 MSD as in Table 2.1.1-1.
2.1.2.  DC_8_20_n3 IMD2 MSD

· Using a similar argument made in section 2.1.1
· DC_3-20_n8 is already defined in the specification, but it is unclear which architecture was used to derive the MSD of 27dB. MSD for DC_8-20_n3 was defined as follows
· 2 x 2 on 4 antennas was 25.4dB
· 2 x 2 on 2 antennas using the 8-20 quadplexer was 27dB
· See IMD2 budget in table above.
· Table 2.1.2-1: MSD test points due to dual uplink operation for EN-DC in NR FR1 (three bands)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL

LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	DC_8A-20A_n3A
	8
	910
	5
	25
	955
	N/A
	N/A

	
	20
	851
	5
	25
	810
	27
	IMD2

	
	n3
	1720
	5
	25
	1815
	N/A
	N/A

	
	8
	885
	5
	25
	930
	27
	IMD2

	
	20
	840
	5
	25
	799
	N/A
	N/A

	
	n3
	1770
	5
	25
	1865
	N/A
	N/A


· Proposal 2: Use IMD2 MSD as in Table 2.1.2-1.
2.2. LB_LB_LB Feasibility
· DC_8-20_n28 is a difficult combination with 3 LBs on a single antenna with the addition complication of IM3 product falling into B8 RX. 2*B20 TX – 1*n28 TX = B8 RX. The MSD could be as high as 20dB similar to the MSD for a MB-MB-MB combination.
· Currently 4 antennas must be used for 2 x 2 operation, and a pitch was made to investigate the use of a pentaplexer to make use of 2 x 2 operation on 2 antennas. 4 antennas still require 2 triplexers (20T, 20/28R, 28T) on 2 different antennas with a duplexer (8T/8R) on a 3rd antenna. Alternatively, at least a qaudplexer (8/20) and a triplexer (20T, 20/28R, 28T) on each different antenna would be required. This increases UE front end complexity.
· Pentaplexer was discussed as a possibility but the bandwidth seems very wide for LB operation and the insertion loss will be impacted on the low frequency side (n28TX) of the antenna port or the high frequency side of the antenna port (B8 RX). Fixing the insertion loss may impact coexistence requirements of nearby bands or effect the T-R isolation of the individual bands. The Tx-TX rejection between B28 TX and n28 TX could impact the IM3 performance as well.
· Furthermore, the antenna itself will need to be tuned over a very wide frequency range of 257MHz centered at 804.5MHz. The VSWR could be extreme (6:1) at the low and high frequency of the low band antenna leading to poor EIRP and coverage loss. This will impact TIS and possibly certification. Multiple tuning could be considered but may not be possible on all antenna ports considering UE form factor. A more careful study before the next RAN4 meeting would be required.
Observation 1: 2 x 2 on 2 antennas is currently not possible due to the required wideband tuning of the antenna as well potential design issues of a pentaplexer.
Proposal 3: MSD to be defined for DC_8_20_n28 for the next meeting with a more detailed study on the feasibility on pentaplexer and wide low band antenna design.
3. Conclusion

Proposal 1: Use IMD4 MSD as in Table 2.1.1-1.
Proposal 2: Use IMD2 MSD as in Table 2.1.2-1.
Observation 1: 2 x 2 on 2 antennas is currently not possible due to the required wideband tuning of the antenna as well potential design issues of a pentaplexer.

Proposal 3: MSD to be defined for DC_8_20_n28 for the next meeting with a more detailed study on the feasibility on pentaplexer and wide low band antenna design.
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