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1. Introduction

In RAN #72, revised basket work item on LTE advanced intra-band uplink carrier aggregation of band 7 and band 7 had been approved [1]. In This contribution we will provide our detailed spectrum combination and intermodulation analysis of uplink CA_7A_7A.
2. Discussion

2.1 CA_7A_7A uplink CA needs on business side
LTE traffic is increasing continuously for every year from commercial launching and it seems to be continued in future. We have analyzed detailed traffic usage manner from our customer and found uplink traffic is increasing for every year as expected shown like graph 2.1. Uplink 64QAM and mc-PUSCH are deployed in commercial field and those are of benefit to customer and resource allocation, but spectrum extension is needed to solve traffic issue basically. For this, frequency is allocated to operator 6 months ago in Korea, we are able to use 2 Band 7 spectrum. We face a difficulty to provide better uplink experience to our customer and we are needed to make the best use of our spectrum for enhanced customer experience.
Observation 1: UL traffic is increasing continuously and operator is encouraging to make the best use of their spectrum for customer

Graph 2.1: Uplink traffic usage increase in this year
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2.2 General harmonics and IMD analysis on uplink CA_7A_7A

Currently, 2UL 7A-7A is analyzed in diverse way and it’s handled like impossible to achieve performance via 1 Tx RF chain. But analysis is based on whole spectrum in band 7 like above Table 2.1. In this analysis, we can find 3rd IMD and 5th IMD are fall into band 7 Rx spectrum obviously and it will influence significantly to band 7 Rx. In RAN4 #80bis meeting, discussion paper was provided about this analysis [2]. Therefore, previous study and analysis are acceptable and we need to study furthermore.

Observation 2: UL CA in intra B7 has 3rd and 5th IMD issue with 1 Tx RF architecture, and it is needed to study in the future more
Table 2.2.1: Band 7 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2500
	2570
	2500
	2570

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	5000 – 5140
	5000 – 5140

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	7500 – 7710
	7500 – 7710

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	70
	5070

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2430 – 2640
	2430 – 2640

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	7570 – 7710
	7570 – 7710

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	2480 – 2590
	2480 – 2590

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|

	IMD frequency limits (MHz)
	4930 – 5210
	4930 – 5210

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	

	IMD frequency limits (MHz)
	140
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|

	IMD frequency limits (MHz)
	10070 – 10210
	

	Two-tone 4th order IMD products
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|
	

	IMD frequency limits (MHz)
	10000 – 10280
	

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	7430 – 7780
	7430 – 7780

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	2360 – 2710
	2360 – 2710

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	12500 – 12850
	12500 – 12850

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	12500 – 12850
	12500 – 12850


2.3 Carrier specific harmonics and IMD analysis on uplink CA_7A_7A
SK telecom operate two Band 7 from ’16 may and table 2.3.1 shows specific spectrum. 
Table 2.3.1: Carrier specific Band 7 NC spectrum
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	BS receive / UE transmit
	Channel BW (MHz)
	BS transmit / UE receive
	Channel BW (MHz)
	

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_7-7
	7
	2500 MHz
	–
	2520 MHz
	5,10, 15, 20
	2620 MHz
	–
	2640 MHz
	5, 10, 15, 20
	FDD

	
	7
	2540 MHz
	–
	2550 MHz
	5, 10
	2660 MHz
	–
	2670 MHz
	5, 10
	


We can find only 5th IMD product fall into the part of Rx band like table 2.3.2. Thus we expect there is less MSD needs to be specified and it is able to overcome with current RF component. It is strongly needed to deploy uplink CA_7A_7A in present and analysis on whole band in the future.
Table 2.3.2: Carrier specific Band 7 and Band 7 UL harmonics and IMD products

	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	2500
	2520
	2540
	2550

	2nd harmonics frequency limits
	2*fx_low
	2*fx_high
	2* fy_low
	2* fy_high

	2nd harmonics frequency limits (MHz) 
	5000 – 5040
	5080 – 5100

	3rd harmonics frequency limits
	3*fx_low
	3*fx_high
	3* fy_low
	3* fy_high

	3rd harmonics frequency limits (MHz)
	7500 – 7560
	7620 – 7650

	2nd order IMD products
	|fy_low – fx_high|
	|fy_high – fx_low|
	|fy_low + fx_low|
	|fy_high + fx_high|

	IMD frequency limits (MHz)
	20 – 50
	5040 – 5070

	Two-tone 3rd order IMD products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	IMD frequency limits (MHz)
	2450 – 2500
	2560 – 2600

	Two-tone 3rd order IMD products
	|2*fx_low + fy_low|
	|2*fx_high + fy_high|
	|2*fy_low + fx_low|
	|2*fy_high + fx_high|

	IMD frequency limits (MHz)
	7540 – 7590
	7580 – 7620

	Two-tone 3rd order IMD products
	(fx_low – max BW fy)
	(fx_high + max BW fy)
	(fy_low – max BW fx)
	(fy_high + max BW fx)

	IMD frequency limits (MHz)
	2480 – 2540
	2520 – 2570

	Two-tone 4th order IMD products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|

	IMD frequency limits (MHz)
	4950 – 5020
	5100

	Two-tone 4th order IMD products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	

	IMD frequency limits (MHz)
	40 – 100
	

	Two-tone 4th order IMD products
	|3*fx_low +1* fy_low|
	|3*fx_high + 1*fy_high|
	|3*fy_low + 1*fx_low|

	IMD frequency limits (MHz)
	10040 – 10110
	

	Two-tone 4th order IMD products
	|2*fx_low +2* fy_low|
	|2*fx_high +2* fy_high|
	

	IMD frequency limits (MHz)
	10080 – 10140
	

	Two-tone 5th order IMD products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	IMD frequency limits (MHz)
	7640 – 7700
	7450 – 7540

	Two-tone 5th order IMD products
	|2*fx_low - 3*fy_high|
	|2*fx_high - 3*fy_low|
	|2*fy_low - 3*fx_high|
	|2*fy_high -3*fx_low|

	IMD frequency limits (MHz)
	2580 – 2650
	2400 – 2480

	Two-tone 5th order IMD products
	|fx_low + 4*fy_low|
	|fx_high + 4*fy_high|
	|fy_low + 4*fx_low|
	|fy_high + 4*fx_high|

	IMD frequency limits (MHz)
	12660 – 12720
	12540 – 12630

	Two-tone 5th order IMD products
	|2*fx_low + 3*fy_low|
	|2*fx_high + 3*fy_high|
	|2*fy_low + 3*fx_low|
	|2*fy_high + 3*fx_high|

	IMD frequency limits (MHz)
	12620 – 12690
	12580 – 12660


Observation 3: Specific operator’s spectrum has less IMD product than whole band
3. Conclusion
In this contribution issue with intra-band NC 2UL CA 7A-7A. The following is observed:

Observation 1: UL traffic is increasing continuously and operator is encouraging to make the best use of their spectrum for customer. 
Observation 2: UL CA in intra B7 has 3rd and 5th IMD issue with 1 Tx RF architecture, and it is needed to study in the future more
Observation 3: Specific operator’s spectrum has less IMD product than whole band

Proposal: Keep 2UL NC intra-band CA 7A-7A work item and study deeply with specific spectrum
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