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1   Background
As per the approved WF [1] in RAN4#93 meeting, RAN4 agreed to define demodulation performance requirements for intra-band contiguous CA with minimum channel spacing for FDD with applicable scenarios, but further study is needed to decide if the existing single carrier requirements can be reused.
In this contribution, we share our views as per the simulation investigations.

2   Discussion
As per the approved WF [1], the applicable scenarios for the related tests are:

· Applicable scenario:
· Scenario #1: Inter-band CA with ≥3 CCs, where Band 1 is with 1 CC and normal spacing (PCell) and Band 2 is with 2 intra-band contiguous CCs and minimum channel spacing (SCell). 
· Scenario #2: Band 1 is configured with 1CC and normal spacing, and UE accesses the CC on Band 1, and then handed over to Band 2 with 2 intra-band contiguous CCs and minimum channel spacing
As per the analysis, currently Band 1 and Band 3 have the requirement to use intra-band contiguous CA with minimum channel spacing to fully make use of the allocated limited spectrum resource, as per the core specification TS 36.101, we list the CA configurations including intra-band contiguous CA for Band 1 and Band 3 in Table 1:
Table 1: CA configurations including intra-band contiguous CA for Band 1 and Band 3

	FDD CA configuration
	Bandwidth combination for Band 1 or 3 intra-band contiguous CA (MHz)
	Bandwidth combination
	Maximum aggregated bandwidth

	CA_1A-3C
	2x20
	20+2x20
	60

	CA_1A-1A-3C
	2x20
	20+20+2x20
	80

	CA_1C-5A
	2x20
	10+2x20
	50

	CA_1C-3A
	2x20
	20+2x20
	60

	CA_3C-5A
	2x20
	10+2x20
	50

	CA_3C-7A
	2x20
	20+2x20
	60

	CA_3C-7C
	2x20
	2x20+2x20
	80

	CA_3C-8A
	2x20
	10+2x20
	50

	CA_3C-20A
	2x20
	20+2x20
	60

	CA_3C-28A
	2x20
	20+2x20
	60

	CA_3C-32A
	2x20
	20+2x20
	60

	CA_3C-38A
	2x20
	20+2x20
	60

	CA_3C-46A
	2x20
	20+2x20
	60

	CA_3C-46C
	2x20
	2x20+2x20
	80

	CA_3C-46D
	2x20
	2x20+3x20
	100

	CA_1A-1A-3C-5A
	
	20+20+2x20+10
	90

	CA_1C-3A-5A
	
	2x20+20+10
	70

	CA_1A-3C-5A
	
	20+2x20+10
	70

	CA_1A-1A-3C-7A
	
	20+20+2x20+20
	100

	CA_1A-1A-3C-7C
	
	20+20+2x20+2x20
	120

	CA_1A-3C-7A
	
	20+2x20+20
	80

	CA_1A-3C-7C
	
	20+2x20+2x20
	100

	CA_1A-3C-8A
	
	20+2x20+10
	70

	CA_1A-3C-20A
	
	20+2x20+20
	80

	CA_1A-1A-3C-28A
	
	20+20+2x20+20
	100

	CA_1A-3C-28A
	
	20+2x20+20
	80

	CA_1A-3C-40A
	
	20+2x20+20
	80

	CA_1A-3C-40C
	
	20+2x20+2x20
	100

	CA_3C-7A-20A
	
	2x20+20+20
	80

	CA_3C-7C-20A
	
	
	100

	CA_3C-7A-28A
	
	
	80

	CA_3C-7C-28A
	
	
	100

	CA_3C-7A-32A
	
	
	80

	CA_3C-7A-38A7
	
	
	80

	CA_3C-8A-38A
	
	
	70

	CA_3C-20A-28A12
	
	
	80

	CA_3C-28A-38A
	
	
	80

	CA_1A-3C-7A-8A
	
	
	90

	CA_1A-3C-7A-20A
	
	
	100

	CA_1A-3C-7A-28A
	
	
	100

	CA_1A-3C-7C-28A
	
	
	120

	CA_1A-1A-3C-7A-28A
	
	
	120

	CA_1A-3C-7A-38A9
	
	
	100


There are different CA band combinations including CA_3C or CA_1C, it is not necessary to test all band combinations listed above for testing minimum channel spacing, all band combinations can fallback to CA_3C or CA_1C, considering the test purpose is to test the intra-band contiguous CA with minimum channel spacing, it is enough to only test the fall backed CA_3C and CA_1C. As per the agreed applicable scenarios [1], another band with nominal channel spacing is needed for initial access to the network during the test. Scenario 1 is for CA, during the whole testing, the PCell with nominal channel spacing needs to be configured and used for HARQ-ACK, the specific test configurations need to be specified. For Scenario 2, Band 1 can be any supported band that is just used for initial access, after UE handovers to Band 2 with nominal channel spacing, Band 1 is not needed anymore, RAN4 does not need to specify the Band 1 related test configurations, RAN5 can use the generic test procedure to make UE enter the CONNECTED STATE by Band 1 and then handover to Band 2 for the following testing, it is an easy test operation method, we think that RAN4 can suggest RAN5 for the test setup by using scenario 2 for the test.
Proposal 1: Only check CA_1C and CA_3C performance requirements for intra-band contiguous CA with minimum channel spacing performance test.
Besides Test 15 for 20MHz bandwidth in Table 8.2.1.1.1-2 of TS 36.101, cases for other bandwidths: Test 10 for 5MHz, Test 11 for 10MHz and Test 14 for 15MHz in Table 8.2.1.1.1-2 with high modulation order and code rate of 64QAM with 3/4 CR [3] are extracted and summarized as in Table 2-1 below, the corresponding FRCs are defined in Table A.3.3.1-3 of TS 36.101 and extracted below for convenience:
Table 2-1: Single carrier performance for intra-band contiguous CA with minimum channel spacing
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	5MHz
	R.6 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.4

	10MHz
	R.7 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7

	15MHz
	R.8 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7

	20MHz
	R.9 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.6


Table A.3.3.1-3: Fixed Reference Channel 64QAM R=3/4 [TS 36.101]
	Parameter
	Unit
	Value

	Reference channel
	
	
	R.5 FDD
	R.6 FDD
	R.7 FDD
	R.8 FDD
	R.9 FDD

	Channel bandwidth
	MHz
	1.4
	3
	5
	10
	15
	20

	Allocated resource blocks
	
	
	15
	25
	50
	75
	100

	Allocated subframes per Radio Frame
	
	
	9
	9
	9
	9
	9

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	8504
	14112
	30576
	46888
	61664

	  For Sub-Frame 5
	Bits
	
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	
	6456
	12576
	28336
	45352
	61664

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	
	
	2
	3
	5
	8
	11

	  For Sub-Frame 5
	
	
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	
	
	2
	3
	5
	8
	11

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	11340
	18900
	41400
	62100
	82800

	  For Sub-Frame 5
	Bits
	
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	
	8820
	16380
	38880
	59580
	80280

	Max. Throughput averaged over 1 frame
	Mbps
	
	7.449
	12.547
	27.294
	42.046
	55.498

	UE Category
	
	
	≥ 1
	≥ 2
	≥ 2
	≥ 2
	≥ 3

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz.
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).


As per the way forward for TDD [3~4] with the consideration of practical RF implementation and equal power level for all CCs, the ACI (adjacent channel interference) is more crucial with smaller channel spacing under high SNR conditions (with high MCS), the digital front end filter design is crucial for ACI rejection, based on those assumptions and the use of digital front end filter for CA with minimum channel spacing, no significant impact is found for minimum channel spacing deployment compared to single carrier and deployment with nominal channel spacing based on the evaluations results [4]. Further considering the effect of image rejection [5], still no significant performance difference between the deployment of minimum and nominal channel spacing is observed. From our understanding, the similar observations are applicable for FDD. 
Proposal 2: Reuse the single carrier performance requirements for FDD intra-band contiguous CA with minimum channel spacing test:

	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	5MHz
	R.6 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.4

	10MHz
	R.7 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7

	15MHz
	R.8 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7

	20MHz
	R.9 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.6


3   Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:

Proposal 1: Only check CA_1C and CA_3C performance requirements for intra-band contiguous CA with minimum channel spacing performance test.
Proposal 2: Reuse the single carrier performance requirements for FDD intra-band contiguous CA with minimum channel spacing test:
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	5MHz
	R.6 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.4

	10MHz
	R.7 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7

	15MHz
	R.8 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.7

	20MHz
	R.9 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	17.6
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