3GPP TSG RAN WG4 Meeting #82-Bis













R4-1703999
Spokane, USA, 3th – 7th April, 2017



Title: 
European LTE-NR band combinations, and coexistence analysis 
Source: 


Vodafone
Agenda item:
10.2.2
Document for:
Approval
1. Introduction

At RAN4#82, Vodafone proposed in [1] to allow band combinations for LTE 4CC + NR 1CC, covering B1_B3_B7_B20 in LTE, and 3.4-3.8GHz in NR. However, this was not formally agreed at the time because it was left for TSG RAN to decide how many CCs to consider within Release 15 timeframe.

Vodafone also proposed LTE 1CC + NR 1CC for B20 LTE + 700MHz (B28) in NR. 
This document aims to resolve the confusion from RAN#75, and looks at these combinations in more technical detail.

2. Discussion
2.1. Status following RAN#75

At RAN#75, it was agreed that more than 1CC for LTE can be considered within Rel-15 timeframe when combined with NR. However, there was some subsequent confusion because it was claimed that Vodafone did not actually make a proposal for LTE_4DL/1UL CC (B1,3,7,20) + NR_1DL/1UL CC (3.4-3.8GHz) at RAN4#82, due to it not being captured clearly in the agreed Way Forward.

Therefore, it seems necessary for RAN4 to reconfirm that Vodafone’s proposal was actually proposed. Hopefully that can be agreed quite quickly now that we have in principle agreed that this number of carriers is actually covered within the WI scope, so that Vodafone does not have to wait until June to treat this.
2.2. Structure and analysis for LTE-NR DC of LTECA_4DL/1UL:1A-3A-7A-20A + NR_1DL/1UL:3.4-3.8GHz

Vodafone provides more details and the coexistence analysis for this LTE-NR combination below. 

2.2.1. Operating bands for CA

Table 2.1.1‑1: Bands covered in E-UTRA_NR combination
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_1A-3A-7A-20A
	1
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	
	3
	2500 MHz 
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	

	
	7
	880 MHz 
	–
	915 MHz
	925 MHz 
	–
	960 MHz
	

	
	20
	832 MHz 
	–
	862 MHz
	791 MHz 
	–
	821 MHz
	

	NR Band
	X
	3400 MHz 
	–
	3800 MHz
	3400 MHz 
	–
	3800 MHz
	TDD


2.2.2. Channel bandwidths per operating band for CA

Table 2.1.2‑1: CA configurations under study
	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA Configuration
	Uplink
Band
	Bands
	x MHz
	x MHz
	x MHz
	x MHz
	x MHz
	x

MHz
	
	

	DC (E-UTRA 4DL/1UL_CA_1A-3A-7A-20A) AND (NR 1DL/1UL:3.4-3.8GHz)
	1A_3.4-3.8/
3A_3.4-3.8/
7A_3.4-3.8/
20A_3.4-3.8
(NOTE: whether all UL combinations need to be supported initially depends on further analysis)
	EUTRA_1
	
	
	
	
	
	
	X
	0

	
	
	EUTRA_3
	
	
	
	
	
	
	
	

	
	
	EUTRA_7
	
	
	
	
	
	
	
	

	
	
	EUTRA_20
	
	
	
	
	
	
	
	

	
	
	NR_3.4-3.8GHz
	
	
	
	
	
	
	
	


2.2.3. Co-existence studies

2.2.3.1. For the UE

UL 1A and UL B3.4-3.8GHz

Table below shows the frequency ranges for 2nd, 3rd 4th and 5th IM products and 2nd and 3rd harmonics for Band 1 and B3.4-3.8GHz UL carriers. It can be seen that

· the 2nd order harmonics may interfere with Band 3

· the 4th order IM products may interfere with Band 1

· The 5th order IM products may interfere Band 3

in the DL.
Table 2.1.3‑1: Impact of UL Harmonic Interference
	
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	3400
	3800

	2nd order harmonics (MHz) 
	3840
	3960
	6800
	7600

	3rd order harmonics (MHz)
	5760
	5940
	10200
	11400

	2nd order IM products
	(f2_low - f1_high)
	(f2_high - f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IM frequency limits (MHz)
	1420
	1880
	5320
	5780

	3rd order IM products
	(f2_low - 2*f1_high)
	(f2_high - 2*f1_low)
	(2*f2_low - f1_high)
	(2*f2_high - f1_low)

	IM frequency limits (MHz)
	40
	560
	4820
	5680

	 3rd order IM products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IM frequency limits (MHz)
	7240
	7760
	8720
	9580

	 4th order IM products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3*f2_high – f1_low|

	IM frequency limits (MHz)
	1960
	2540
	8220
	9480

	 4th order IM products
	|3*f1_low + f2_low|
	|3*f1_high + f2_high|
	|3*f2_low + f1_low|
	|3*f2_high + f1_high|

	IM frequency limits (MHz)
	9160
	9740
	12120
	13380

	 4th order IM products
	|2*f1_low – 2*f2_high|
	|2*f1_high – 2*f2_low|
	|2*f1_low + 2*f2_low|
	|2*f1_high + 2*f2_high|

	IM frequency limits (MHz)
	2840
	3760
	10640
	11560

	 5th order IM products
	|f1_low – 4*f2_high| 
	|f1_high – 4*f2_low|
	|f2_low – 4*f1_high|
	|f2_high – 4*f1_low|

	IM frequency limits (MHz)
	11620
	13280
	3880
	4520

	 5th order IM products
	|f1_low + 4*f2_low|
	|f1_high + 4*f2_high|
	|f2_low + 4*f1_low|
	|f2_high + 4*f1_high|

	IM frequency limits (MHz)
	15520
	17180
	11080
	11720

	 5th order IM products
	|2*f1_low – 3*f2_high|
	|2*f1_high – 3*f2_low|
	|2*f2_low – 3*f1_high|
	|2*f2_high – 3*f1_low|

	IM frequency limits (MHz)
	6240
	7560
	860
	1840

	 5th order IM products
	|2*f1_low + 3*f2_low|
	|2*f1_high + 3*f2_high|
	|2*f2_low + 3*f1_low|
	|2*f2_high + 3*f1_high|

	IM frequency limits (MHz)
	14040
	15360
	12560
	13540


UL 3A and UL B3.4-3.8GHz

Table below shows the frequency ranges for 2nd, 3rd 4th and 5th IM products and 2nd and 3rd harmonics for Band 3 and B3.4-3.8GHz UL carriers. It can be seen that

· the 2nd order harmonics may interfere with Band 3

· the 4th order IM products may interfere with Band 3

· The 5th order IM products may interfere Band 1 and 3

in the DL.
Table 2.1.3‑2: Impact of UL Harmonic Interference

	
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1785
	3400
	3800

	2nd order harmonics (MHz) 
	3420
	3570
	6800
	7600

	3rd order harmonics (MHz)
	5130
	5355
	10200
	11400

	2nd order IM products
	(f2_low - f1_high)
	(f2_high - f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IM frequency limits (MHz)
	1615
	2090
	5110
	5585

	3rd order IM products
	(f2_low - 2*f1_high)
	(f2_high - 2*f1_low)
	(2*f2_low - f1_high)
	(2*f2_high - f1_low)

	IM frequency limits (MHz)
	170
	380
	5015
	5890

	 3rd order IM products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IM frequency limits (MHz)
	6820
	7370
	8510
	9385

	 4th order IM products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3*f2_high – f1_low|

	IM frequency limits (MHz)
	1330
	1955
	8415
	9690

	 4th order IM products
	|3*f1_low + f2_low|
	|3*f1_high + f2_high|
	|3*f2_low + f1_low|
	|3*f2_high + f1_high|

	IM frequency limits (MHz)
	8530
	9155
	11910
	13185

	 4th order IM products
	|2*f1_low – 2*f2_high|
	|2*f1_high – 2*f2_low|
	|2*f1_low + 2*f2_low|
	|2*f1_high + 2*f2_high|

	IM frequency limits (MHz)
	3230
	4180
	10220
	11170

	 5th order IM products
	|f1_low – 4*f2_high| 
	|f1_high – 4*f2_low|
	|f2_low – 4*f1_high|
	|f2_high – 4*f1_low|

	IM frequency limits (MHz)
	11815
	13490
	3040
	3740

	 5th order IM products
	|f1_low + 4*f2_low|
	|f1_high + 4*f2_high|
	|f2_low + 4*f1_low|
	|f2_high + 4*f1_high|

	IM frequency limits (MHz)
	15310
	16985
	10240
	10940

	 5th order IM products
	|2*f1_low – 3*f2_high|
	|2*f1_high – 3*f2_low|
	|2*f2_low – 3*f1_high|
	|2*f2_high – 3*f1_low|

	IM frequency limits (MHz)
	6630
	7980
	1445
	2470

	 5th order IM products
	|2*f1_low + 3*f2_low|
	|2*f1_high + 3*f2_high|
	|2*f2_low + 3*f1_low|
	|2*f2_high + 3*f1_high|

	IM frequency limits (MHz)
	13620
	14970
	11930
	12955


UL 7A and UL B3.4-3.8GHz

Table below shows the frequency ranges for 2nd, 3rd 4th and 5th IM products and 2nd and 3rd harmonics for Band 7 and B3.4-3.8GHz UL carriers. It can be seen that

· the 4th order IM products may interfere with Band 1 and 3

in the DL.
Table 2.1.3‑3: Impact of UL Harmonic Interference

	
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	2500
	2570
	3400
	3800

	2nd order harmonics (MHz) 
	5000
	5140
	6800
	7600

	3rd order harmonics (MHz)
	7500
	7710
	10200
	11400

	2nd order IM products
	(f2_low - f1_high)
	(f2_high - f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IM frequency limits (MHz)
	830
	1300
	5900
	6370

	3rd order IM products
	(f2_low - 2*f1_high)
	(f2_high - 2*f1_low)
	(2*f2_low - f1_high)
	(2*f2_high - f1_low)

	IM frequency limits (MHz)
	1200
	1740
	4230
	5100

	 3rd order IM products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IM frequency limits (MHz)
	8400
	8940
	9300
	10170

	 4th order IM products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3*f2_high – f1_low|

	IM frequency limits (MHz)
	3700
	4310
	7630
	8900

	 4th order IM products
	|3*f1_low + f2_low|
	|3*f1_high + f2_high|
	|3*f2_low + f1_low|
	|3*f2_high + f1_high|

	IM frequency limits (MHz)
	10900
	11510
	12700
	13970

	 4th order IM products
	|2*f1_low – 2*f2_high|
	|2*f1_high – 2*f2_low|
	|2*f1_low + 2*f2_low|
	|2*f1_high + 2*f2_high|

	IM frequency limits (MHz)
	1660
	2600
	11800
	12740

	 5th order IM products
	|f1_low – 4*f2_high| 
	|f1_high – 4*f2_low|
	|f2_low – 4*f1_high|
	|f2_high – 4*f1_low|

	IM frequency limits (MHz)
	11030
	12700
	6200
	6880

	 5th order IM products
	|f1_low + 4*f2_low|
	|f1_high + 4*f2_high|
	|f2_low + 4*f1_low|
	|f2_high + 4*f1_high|

	IM frequency limits (MHz)
	16100
	17770
	13400
	14080

	 5th order IM products
	|2*f1_low – 3*f2_high|
	|2*f1_high – 3*f2_low|
	|2*f2_low – 3*f1_high|
	|2*f2_high – 3*f1_low|

	IM frequency limits (MHz)
	5060
	6400
	-910
	100

	 5th order IM products
	|2*f1_low + 3*f2_low|
	|2*f1_high + 3*f2_high|
	|2*f2_low + 3*f1_low|
	|2*f2_high + 3*f1_high|

	IM frequency limits (MHz)
	15200
	16540
	14300
	15310


UL 20A and UL B3.4-3.8GHz

Table below shows the frequency ranges for 2nd, 3rd 4th and 5th IM products and 2nd and 3rd harmonics for Band 7 and B3.4-3.8GHz UL carriers. It can be seen that

· the 2nd order IM products may interfere with Band 7

· the 3rd order IM products may interfere with Band 1 and 3

· the 4th order IM products may interfere with Band 20

in the DL.
Table 2.1.3‑3: Impact of UL Harmonic Interference

	
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	832
	862
	3400
	3800

	2nd order harmonics (MHz) 
	1664
	1724
	6800
	7600

	3rd order harmonics (MHz)
	2496
	2586
	10200
	11400

	2nd order IM products
	(f2_low - f1_high)
	(f2_high - f1_low)
	(f2_low + f1_low)
	(f2_high + f1_high)

	IM frequency limits (MHz)
	2538
	2968
	4232
	4662

	3rd order IM products
	(f2_low - 2*f1_high)
	(f2_high - 2*f1_low)
	(2*f2_low - f1_high)
	(2*f2_high - f1_low)

	IM frequency limits (MHz)
	1676
	2136
	5938
	6768

	 3rd order IM products
	(2*f1_low + f2_low)
	(2*f1_high + f2_high)
	(2*f2_low + f1_low)
	(2*f2_high + f1_high)

	IM frequency limits (MHz)
	5064
	5524
	7632
	8462

	 4th order IM products
	|3*f1_low – f2_high|
	|3*f1_high – f2_low|
	|3*f2_low – f1_high|
	|3*f2_high – f1_low|

	IM frequency limits (MHz)
	814
	1304
	9338
	10568

	 4th order IM products
	|3*f1_low + f2_low|
	|3*f1_high + f2_high|
	|3*f2_low + f1_low|
	|3*f2_high + f1_high|

	IM frequency limits (MHz)
	5896
	6386
	11032
	12262

	 4th order IM products
	|2*f1_low – 2*f2_high|
	|2*f1_high – 2*f2_low|
	|2*f1_low + 2*f2_low|
	|2*f1_high + 2*f2_high|

	IM frequency limits (MHz)
	5076
	5936
	8464
	9324

	 5th order IM products
	|f1_low – 4*f2_high| 
	|f1_high – 4*f2_low|
	|f2_low – 4*f1_high|
	|f2_high – 4*f1_low|

	IM frequency limits (MHz)
	12738
	14368
	48
	472

	 5th order IM products
	|f1_low + 4*f2_low|
	|f1_high + 4*f2_high|
	|f2_low + 4*f1_low|
	|f2_high + 4*f1_high|

	IM frequency limits (MHz)
	14432
	16062
	6728
	7248

	 5th order IM products
	|2*f1_low – 3*f2_high|
	|2*f1_high – 3*f2_low|
	|2*f2_low – 3*f1_high|
	|2*f2_high – 3*f1_low|

	IM frequency limits (MHz)
	8476
	9736
	4214
	5104

	 5th order IM products
	|2*f1_low + 3*f2_low|
	|2*f1_high + 3*f2_high|
	|2*f2_low + 3*f1_low|
	|2*f2_high + 3*f1_high|

	IM frequency limits (MHz)
	11864
	13124
	9296
	10186


2.2.3.2. For the BS

The 2nd and 3rd harmonic and IM products generated in the BS follow from those derived for the constituent 2DL and 3DL CA fall-back modes. 
3. Proposal

It is proposed that the LTE_4DL/1UL CC (B1,3,7,20) + NR_1DL/1UL CC (3.4-3.8GHz) proposal is now agreed by RAN4, and that the corresponding coexistence analysis is endorsed by RAN4.
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