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1. Introduction
In RAN#84 meeting, a new WI on NR performance requirement enhancement [1] was approved with the following objectives:
	UE demodulation and CSI reporting requirements:

•
NR CA PDSCH normal demodulation requirements for NR CA, EN-DC, NE-DC, NR-DC

−
No additional LTE requirements will be introduced. 

•
Requirements for the number of TX ports larger than 8 and up to 32

−
Type of requirements: RAN4 should further decide if only PMI and/or CRI reporting needs to defined or both PMI and/or CRI reporting and PDSCH demodulation requirements are needed

•
LTE-NR co-existence demodulation test cases for TDD mode

BS demodulation requirements:

•
To study the tests coverage of PUSCH requirements for 30% TP test point. Limited test cases will be introduced if the existing test coverage is insufficient. 

•
Additional BS demodulation requirements

−
For FR2 PUSCH 2T2R 16QAM, specify requirements for MCS lower than 16, considering the OTA testability limit, to replace the existing requirements for MCS 16.


In this contribution, we discuss the CA PDSCH normal demodulation requirements.
2. Discussion
As agreed in the WID, only CA PDSCH normal demodulation requirements will be discussed in Rel-16 WI.

In LTE, the flexible carrier aggregation requirements are introduced from Rel-12 for different types of CA requirements. Regarding CA normal demodulation requirements, single carrier approach was applied. The following tables are examples for LTE CA normal demodulation requirements in TS36.101: single carrier performance is specified for each bandwidth, and CA performance refers to the single carrier.
In order to reduce the simulation workload and make it more future-proof for more than 2 CCs, we propose to specify NR CA normal demodulation requirements based on the single carrier approach similar as LTE.

Proposal 1: It is proposed to specify NR normal demodulation requirements based on the single carrier approach similar as NR.

Table 8.2.1.1.1-5: Single carrier performance for multiple CA configurations (TS 36.101)
	Band-width
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1.4MHz
	R.4 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.3

	3MHz
	R.42-1 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.1

	5MHz
	R.42-2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.0

	10MHz
	R.2 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.7

	15MHz
	R.42-3 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.6

	20MHz
	R.42 FDD
	OP.1 FDD
	EVA5
	1x2 Low
	70
	-1.7


Table 8.2.1.1.1-6: Minimum performance (FRC) based on single carrier performance for CA with 3DL CCs (TS 36.101)
	Test num.
	CA Band-width combination
	Requirement
	UE category

	1
	3x20MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	2
	20MHz+20MHz+15MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	3
	20MHz+20MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	4
	20MHz+15MHz+15MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	5
	20MHz+15MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	6
	20MHz+10MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	7
	15MHz+15MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	8
	20MHz+10MHz+5MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	9
	20MHz+15MHz+5MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	10
	10MHz+10MHz+5MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	11
	5MHz+5MHz+20MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	12
	3x10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	13
	5MHz+5MHz+10MHz
	As specified in Table 8.2.1.1.1-5 per CC
	≥5

	NOTE 1:
The applicability of requirements for different CA configurations and bandwidth combination sets is defined in 8.1.2.3

NOTE 2:
30usec timing difference between PCell and any SCell, which is not within the same band or sub-block as PCell, is applied in inter-band CA case, where PCell can be assigned on any CC.


2.1 FR1 CA
For NR, the maximum channel bandwidth is 100MHz and the minimum channel bandwidth is 5MHz for FR1. Below we list the supported bandwidth from UE side for FR1 under different SCSs.

· NR FR1: 

· 15KHz: 5MHz, 10MHz, 15MHz, 20MHz, 25MHz, 30MHz, 40MHz 50MHz

· 30KHz/60KHz: 10MHz, 15MHz, 20MHz, 25MHz, 30MHz, 40MHz, 50MHz, 60MHz, 80MHz, 90MHz, 100MHz.
It can be seen that for FR1, 12 bandwidths are specified. Considering different SCSs, the supported bandwidth number gets even larger. The number of NR supported bandwidths is significantly increased compared to LTE (6 bandwidths). In NR Rel-15, we only specify 10MHz/15KHz for FR1 FDD and 40MHz/30KHz for FR1 TDD in TS 38.101-4. However, if we define single carrier requirements for all possible bandwidths, the workload for simulation and specification will be also significantly increased. 
Observation 1: The number of NR supported bandwidths is significantly increased compared to LTE (6).
Proposal 2: It is proposed not to specify the single carrier requirements of all possible bandwidths for CA in order to reduce the high workload.
If we check the supported CA band combination in TS38.101-1 for FR1, for inter-band CA (section 5.5A.3), it can be summarized that the following bandwidth/SCS can cover all the inter-band CA band combinations
· FDD:

· 10MHz/15KHz
· 20MHz/30KHz
· TDD

· 40MHz/30KHz
· 10MHz/15KHz

For intra-band contiguous (section 5.5A.1) and non-contiguous CA (section 5.5A.2), the situation is a little complicated. Since the maximum single carrier bandwidth is 50MHz for 15KHz and 100MHz for 30KHz. The above listed bandwidth/SCS cannot cover the intra-band CA cases.
Table 5.5A.1-1 is the intra-band CA configuration table. It can be seen that except for the above bandwidth/SCS, at lease the following bandwidth/SCSs are needed:
· FDD
· 20MHz/15KHz is needed in order to support CA_n66B
· 5MHz/15KHz is needed in order to support CA_n71B

· TDD

· 100MHz/30KHz is needed in order to support CA_n77C/D/E, CA_n78C/D/E, CA_n79C/D/E.
Observation 2: According to TS 38.101-1, at least the following bandwidth/SCS performance for single carrier need to be specified in order to support FR1 CA

· FDD:

· 10MHz/15KHz
· 20MHz/15KHz
· 5MHz/15KHz
· 20MHz/30KHz
· TDD

· 40MHz/30KH
· 100MHz/30KHz
· 10MHz/15KHz

Table 5.5A.1-1: NR CA configurations and bandwidth combination sets defined for intra-band contiguous CA for fallback group 1
	NR CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	CA_n41C
	-
	40
	80, 100
	
	
	
	180
	0

	
	
	50
	60, 80, 100
	
	
	
	
	

	
	
	60
	50, 60, 80, 100
	
	
	
	
	

	
	
	80
	40, 50, 60, 80, 100
	
	
	
	
	

	
	
	100
	40, 50, 60, 80
	
	
	
	
	

	CA_n48B
	-
	51
	15, 20, 40
	
	
	
	50
	0

	
	
	10
	10, 15, 20, 40
	
	
	
	
	

	
	
	15, 20
	51, 10, 15, 20
	
	
	
	
	

	
	
	40
	51,10
	
	
	
	
	

	CA_n48C
	-
	10, 15
	90, 100
	
	
	
	150
	0

	
	
	20
	80, 90, 100
	
	
	
	
	

	
	
	40
	60, 80, 90, 100
	
	
	
	
	

	
	
	50
	50, 60, 80, 90, 100
	
	
	
	
	

	
	
	60
	40, 50, 60, 80, 90
	
	
	
	
	

	
	
	80
	20, 40, 50, 60
	
	
	
	
	

	
	
	90
	10, 15, 20, 40, 50, 60
	
	
	
	
	

	
	
	100
	10, 15, 20, 40, 50
	
	
	
	
	

	CA_n66B
	-
	5 2
	20, 40
	
	
	
	50
	0

	
	
	10
	15, 20, 40
	
	
	
	
	

	
	
	15
	10, 15, 20
	
	
	
	
	

	
	
	20
	5 2, 10, 15
	
	
	
	
	

	
	
	40
	5 2, 10
	
	
	
	
	

	CA_n71B
	
	5
	20
	
	
	
	25
	0

	
	
	10
	15
	
	
	
	
	

	
	
	15
	10
	
	
	
	
	

	
	
	20
	5
	
	
	
	
	

	CA_n77C

CA_n78C

CA_n79C
	-
	50
	60, 80, 100
	
	
	
	200
	0

	
	
	60
	60, 80, 100
	
	
	
	
	

	
	
	80
	80, 100
	
	
	
	
	

	
	
	100
	100
	
	
	
	
	

	CA_n77D, CA_n78D, CA_n79D
	-
	50
	60, 80, 100
	100
	
	
	300
	0

	
	
	60
	60, 80, 100
	100
	
	
	
	

	
	
	80
	80, 90, 100
	100
	
	
	
	

	
	
	90
	100
	100
	
	
	
	

	
	
	100
	100
	100
	
	
	
	

	CA_n77E, CA_n78E, CA_n79E
	-
	50
	60, 80, 100
	100
	100
	
	400
	0

	
	
	60
	60, 80
	100
	100
	
	
	

	
	
	80
	80, 90, 100
	100
	100
	
	
	

	
	
	90
	100
	100
	100
	
	
	

	
	
	100
	100
	100
	100
	
	
	

	NOTE 1: 
Unless otherwise stated, minimum requirements are applicable irrespective of the order of the component carriers.

NOTE 2: 
5 MHz is not applicable for 30/60 kHz SCS.


2.2 FR2 CA
For NR, the maximum channel bandwidth is 400MHz and the minimum channel bandwidth is 50MHz for for FR2. Below we list the supported bandwidth from UE side for FR2 under different SCSs.

· NR FR2: 

· 60KHz: 50MHz, 100MHz, 200MHz

· 120KHz: 50MHz, 100MHz, 200MHz, 400MHz.

FR2 bands have very large bandwidths, intra-band contiguous CA is specified from class A~Q in TS 38.101-2 Table 5.3A.4-1. Take class B as an example, 200MHz single carrier bandwidth is needed in order to support 400MHz~800Mz with 2CCs. Take class C as an example, 400MHz single carrier bandwidth is needed in order to support 800MHz~1200MHz with 3CCs. 
However, in NR Rel-15, only 100MHz/120KHz requirement is specified for FR2 in TS38.101-4. So at least the following bandwidth/SCSs are needed for CA.
· FR2 TDD

· 100MHz/120KHz
· 200MHz/120KHz

· 400MHz/120KHz
Observation 3: According to TS 38.101-2, at least the following bandwidth/SCS performance for single carrier need to be specified in order to support FR2 CA

· FR2 TDD

· 100MHz/120KHz

· 200MHz/120KHz

· 400MHz/120KHz

Table 5.3A.4-1: CA bandwidth classes

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ 400 MHz
	1
	 1,2,3,4

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	


	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz 
	3
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz 
	4
	

	NOTE 1:
Maximum supported component carrier bandwidths for fallback groups 1, 2, 3 and 4 are 400 MHz, 200 MHz, 100 MHz and 100 MHz respectively.

NOTE 2:
It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.


2.3 FR1+FR2 CA
According to TS38.101-3, for inter-band NR CA between FR1 and FR2, a carrier aggregation configuration is a combination of operating bands, each supporting a carrier aggregation bandwidth class as specified in clause 5.3A.5 of TS 38.101-1 and clause 5.3A.4 of TS 38.101-2 independently.

Hence, the observations in section 2.1 and 2.2 can also be applied to FR1+FR2 CA.
Observation 4: For FR1+FR2 CA, no additional bandwidth/SCS is needed compared to FR1 CA and FR2 CA.
3. Conclusion
In this contribution, we discuss how to define the NR CA PDSCH normal demodulation requirements. Our observations are:
Observation 1: The number of NR supported bandwidths is significantly increased compared to LTE (6).

Observation 2: According to TS 38.101-1, at least the following bandwidth/SCS performance for single carrier need to be specified in order to support FR1 CA

· FR1 FDD:

· 10MHz/15KHz
· 20MHz/15KHz
· 5MHz/15KHz
· 20MHz/30KHz
· FR1 TDD

· 40MHz/30KHz, 100MHz/30KHz

· 10MHz/15KHz

Observation 3: According to TS 38.101-2, at least the following bandwidth/SCS performance for single carrier need to be specified in order to support FR2 CA

· FR2 TDD

· 100MHz/120KHz

· 200MHz/120KHz

· 400MHz/120KHz

Observation 4: For FR1+FR2 CA, no additional bandwidth/SCS is needed compared to FR1 CA and FR2 CA.
Hence, we propose that:
Proposal 1: It is proposed to specify NR normal demodulation requirements based on the single carrier approach similar as NR.
Proposal 2: It is proposed not to specify the single carrier requirements of all possible bandwidths for CA in order to reduce the high workload.
Proposal 3: It is proposed to specify the following bandwidth/SCS in order to support CA normal demodulation requirements based on single carrier approach.
· FR1 FDD:

· 10MHz/15KHz
· 20MHz/15KHz
· 5MHz/15KHz
· 20MHz/30KHz
· FR1 TDD

· 40MHz/30KHz
· 100MHz/30KHz

· 10MHz/15KHz

· FR2 TDD

· 100MHz/120KHz

· 200MHz/120KHz

· 400MHz/120KHz
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