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1. Introduction
In RAN1#72bis meeting, the benefits of standalone NCT compared to non-standalone NCT was discussed.
Through the discussion, it was considered that “relative complexity for UEs to support CA vs NCT” is one of the key issues.
In this contribution, we present our view on the implementation complexity for UEs to support inter-band CA as UE manufacture.
2. Discussion
2.1. Implementation complexity for supporting inter-band CA
In the case of inter-band CA, one of the main issues is the interference between UL transmission signal and DL reception signal.
Especially, second, third harmonic and inter modulation of UL frequency may cause severe interference to DL reception signals [Annex A].

Therefore, UE manufactures have to confirm that DL performance meet required performance in the case that UL signal is transmitted at the same time. These tests have to be done for all the band combination cases as well as for each band.
In addition, DL performance varies depending on handset design or RF circuit design, therefore each handset model should undergo the above tests
Observation:
One of the main complexities for supporting inter-band CA comes from the test complexity to confirm required DL performance when UL is transmitted. 

One of the promising scenarios for NCT SCE scenario 2a/2b in which the small cell (with NCT) is on a different frequency band than macro cell.
As listed in Annex B, macro layer frequency is operated in diverse frequencies depending on countries and operators. Therefore, even if global bands are allocated as small cell layer frequency bands, the band combination of macro layer frequency and small cell frequency will be quite diverse. 

If UE supports inter-band CA capability with multiple band combinations, we have to have additional tests for all the band combinations in addition to the tests for non-CA connection.
Therefore, it is challenging to support inter-band CA capability with large number of band combination.

Proposal:

It should not be assumed that all UEs support inter-band CA with a large number of band combinations even if UE support non-CA reception in each band.

2.2. Test complexity difference between PHY layer function and RF function

As explained above, support of inter-band CA is considered as part of RF function.

Therefore, performance may be different depending on handset design or RF circuit design.
Moreover, performance might be band specific or band-combination specific requiring additional tests for all the band combinations in addition to the tests for non-CA connections.
On the other hand, PHY layer function, such as “support of standalone NCT”, is band agnostic so   additional testing under all band or band-combinations is not required.

Therefore, test complexity between PHY layer function and RF function is totally different from UE manufacturer’s point of view.
3. Conclusion

Based on the above discussion, Sharp proposes:
Observation:
One of the main complexities for supporting inter-band CA comes from the test complexity to confirm required DL performance when UL is transmitted. 

Proposal:

It should not be assumed that all UEs support inter-band CA with large number of band combinations even if UE support non-CA reception in each band.
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Annex A:
Table A: Examples of CA inter-band combination and possible impact on test complexity
	Band combination
	Region
	H2
	H3
	IM2
	IM3

	4+17
	US
	
	X
	
	

	4+12
	US
	
	X
	
	

	4+5
	US
	
	
	X
	

	3+5(2UL)
	Asia
	
	
	X
	

	8+20
	Europe
	
	
	
	X

	3+8
	Asia
	X
	
	
	


Annex B[1]:

Table B: Frequency bands and channel bandwidth of E-UTRA
	[hide]E-UTRA Operating Band
	Uplink (UL)
Operating Band
BS Receive
UE Transmit
	Downlink (DL)
Operating Band
BS Transmit
UE Receive
	Duplex Mode
	Channel
Bandwidths (MHz)
	Common Name
	Appr. Center Frequency
	Region(s)

	001 1
	192 1920 MHz to 1980 MHz
	211 2110 MHz to 2170 MHz
	FDD
	5, 10, 15, 20
	IMT
	2100 MHz
	Asia, Europe, Israel, Japan (NTT docomo, KDDI, SoftBank), South Korea (LG U Plus), Philippines (Smart)

	002 2
	185 1850 MHz to 1910 MHz
	193 1930 MHz to 1990 MHz
	FDD
	1.4, 3, 5, 10, 15, 20
	PCS
	1900 MHz
	Canada, Latin America, US

	003 3
	171 1710 MHz to 1785 MHz
	180 1805 MHz to 1880 MHz
	FDD
	1.4, 3, 5, 10, 15, 20
	DCS
	1800 MHz
	United Kingdom (EE), Finland,[17] Germany,[18] Australia, Hong Kong,[19]

 HYPERLINK "http://en.wikipedia.org/wiki/E-UTRA" \l "cite_note-20" [20] Japan (E MOBILE), Poland, South Africa, [21] Singapore,[22] South Korea, Kazakhstan,[23] New Zealand[24]

	004 4
	171 1710 MHz to 1755 MHz
	211 2110 MHz to 2155 MHz
	FDD
	1.4, 3, 5, 10, 15, 20
	AWS
	1700 MHz
	Canada, Latin America, US (AT&T Mobility, Big River Broadband, T-Mobile USA, Verizon Wireless, MetroPCS)

	005 5
	0824 824 MHz to 849 MHz
	0869 869 MHz to 894 MHz
	FDD
	1.4, 3, 5, 10
	CLR
	850 MHz
	Americas, South Korea (LG U Plus nationwide, SKT), Israel

	006 6
	0830 830 MHz to 840 MHz
	0875 875 MHz to 885 MHz
	FDD
	5, 10
	UMTS 800
	850 MHz
	

	007 7
	250 2500 MHz to 2570 MHz
	262 2620 MHz to 2690 MHz
	FDD
	5, 10, 15, 20
	IMT-E
	2600 MHz
	Canada,[25]

 HYPERLINK "http://en.wikipedia.org/wiki/E-UTRA" \l "cite_note-26" [26] EU, Latin America, Singapore,[22] Brazil,[27] Hong Kong,[28] Russian Federation, Malaysia [29]

	008 8
	0880880 MHz to 915 MHz
	0925925 MHz to 960 MHz
	FDD
	1.4, 3, 5, 10
	GSM
	900 MHz
	EU, Australia (Telstra), Latin America, Japan (SoftBank from 2014)

	009 9
	174 1749.9 MHz to 1784.9 MHz
	184 1844.9 MHz to 1879.9 MHz
	FDD
	5, 10, 15, 20
	UMTS 1800
	1800 MHz
	

	010 10
	171 1710 MHz to 1770 MHz
	211 2110 MHz to 2170 MHz
	FDD
	5, 10, 15, 20
	Extended AWS
(superset of band 4)
	1700 MHz
	Ecuador, Peru, Uruguay

	011 11
	142 1427.9 MHz to 1447.9 MHz
	147 1475.9 MHz to 1495.9 MHz
	FDD
	5, 10
	PDC
	1500 MHz
	Japan (KDDI)[30]

	012 12
	0699 699 MHz to 716 MHz
	0729 729 MHz to 746 MHz
	FDD
	1.4, 3, 5, 10
	lower SMH blocks A/B/C
	700 MHz
	US (C Spire and U.S. Cellular)

	013 13
	0777 777 MHz to 787 MHz
	0746 746 MHz to 756 MHz
	FDD
	5, 10
	upper SMH block C
	750 MHz
	US (Verizon Wireless)

	014 14
	0788 788 MHz to 798 MHz
	0758 758 MHz to 768 MHz
	FDD
	5, 10
	upper SMH block D
	750 MHz
	US (no licenses sold by FCC)

	017 17
	0704 704 MHz to 716 MHz
	0734 734 MHz to 746 MHz
	FDD
	5, 10
	lower SMH blocks B/C
(subset of band 12)
	700 MHz
	US (AT&T Mobility)

	018 18
	0815 815 MHz to 830 MHz
	0860 860 MHz to 875 MHz
	FDD
	5, 10, 15
	Japan lower 800
	850 MHz
	Japan (KDDI)

	019 19
	0830 830 MHz to 845 MHz
	0875 875 MHz to 890 MHz
	FDD
	5, 10, 15
	Japan upper 800
	850 MHz
	Japan (NTT docomo)

	020 20
	0832 832 MHz to 862 MHz
	0791 791 MHz to 821 MHz
	FDD
	5, 10, 15, 20
	EU's Digital Dividend
	800 MHz
	EU, Russian Federation

	021 21
	144 1447.9 MHz to 1462.9 MHz
	149 1495.9 MHz to 1510.9 MHz
	FDD
	5, 10, 15
	PDC
	1500 MHz
	Japan (NTT docomo)

	022 22
	341 3410 MHz to 3490 MHz
	351 3510 MHz to 3590 MHz
	FDD
	5, 10, 15, 20
	
	3500 MHz
	

	023 23
	200 2000 MHz to 2020 MHz
	218 2180 MHz to 2200 MHz
	FDD
	1.4, 3, 5, 10
	S-Band (a/k/a AWS-4)
	2000 MHz
	US (Dish Network)

	024 24
	162 1626.5 MHz to 1660.5 MHz
	152 1525 MHz to 1559 MHz
	FDD
	5, 10
	L-Band
	1600 MHz
	US (LightSquared)

	025 25
	185 1850 MHz to 1915 MHz
	193 1930 MHz to 1995 MHz
	FDD
	1.4, 3, 5, 10, 15, 20
	Extended PCS
(superset of band 2)
	1900 MHz
	US (Sprint)

	026 26
	0814 814 MHz to 849 MHz
	0859 859 MHz to 894 MHz
	FDD
	1.4, 3, 5, 10, 15
	ESMR + CLR
(includes bands 5, 6, 18 and 19)
	850 MHz
	US (Sprint)

	026 27
	0806 806 MHz to 824 MHz
	0851 851 MHz to 869 MHz
	FDD
	1.4, 3, 5, 10, 15
	ESMR
	850 MHz
	

	028 28
	0703 703 MHz to 748 MHz
	0758 758 MHz to 803 MHz
	FDD
	5, 10, 15, 20
	APAC 700
	750 MHz
	Australia (Optus, Telstra from 2015), New Zealand, Japan (NTT docomo, KDDI, E MOBILE from 2015), Mexico, Uruguay, Brazil (from 2016),[31] Chile

	028 29
	185 1850 MHz to 1910 MHz
or
171 1710 MHz to 1755 MHz
	0716 716 MHz to 728 MHz
	FDD
	5, 10
	lower SMH blocks D/E
	700 MHz
	US (AT&T Mobility carrier aggregation with uplink in bands 2 or 4)[32]

	WCS unnumbered
	2305 2305 MHz to 2315 MHz
	2350 2350 MHz to 2360 MHz
	FDD
	5, 10
	WCS blocks A/B
	2300 MHz
	US (AT&T Mobility)[33]

	033 33
	190 1900 MHz to 1920 MHz
	TDD
	5, 10, 15, 20
	
	
	EU

	034 34
	201 2010 MHz to 2025 MHz
	TDD
	5, 10, 15
	
	
	EU

	035 35
	185 1850 MHz to 1910 MHz
	TDD
	1.4, 3, 5, 10, 15, 20
	PCS uplink
	
	

	036 36
	193 1930 MHz to 1990 MHz
	TDD
	1.4, 3, 5, 10, 15, 20
	PCS downlink
	
	

	037 37
	191 1910 MHz to 1930 MHz
	TDD
	5, 10, 15, 20
	PCS guardband
	
	

	038 38
	257 2570 MHz to 2620 MHz
	TDD
	5, 10, 15, 20
	
	
	EU, Russian Federation

	039 39
	188 1880 MHz to 1920 MHz
	TDD
	5, 10, 15, 20
	
	
	China

	040 40
	230 2300 MHz to 2400 MHz
	TDD
	5, 10, 15, 20
	
	
	Australia, China, India

	041 41
	249 2496 MHz to 2690 MHz
	TDD
	5, 10, 15, 20
	BRS/EBS
	
	US (Clearwire), Japan (Wireless City Planning)

	042 42
	340 3400 MHz to 3600 MHz
	TDD
	5, 10, 15, 20
	
	
	

	043 43
	360 3600 MHz to 3800 MHz
	TDD
	5, 10, 15, 20
	
	
	

	044 44
	070 703 MHz to 803 MHz
	TDD
	5, 10, 15, 20
	APAC 700
	
	











