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1   Background
During RAN#84 meeting, new WI on NR performance requirement enhancement was approved [1] with the following NR UE demodulation performance requirements to be discussed:
	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


In this contribution, we share our views on the UE demodulation requirements for CA related shown above.

2   Discussion

2.1   CA PDSCH demodulation requirements
2.1.1   NR CA
Currently the latest Rel-16 TS 38.101-1/2/3 version 15.6.0 specifications have been issued, and more and more band and band combinations will be added in Rel-16 specification in release independent manner, but we would like to discuss the CA PDSCH demodulation requirements based on the current Rel-15 core specification TS 38.101-1/2/3.
Proposal 1: Define the CA PDSCH normal demodulation requirements based on the Rel-15 core specifications TS 38.101-1/2/3.
By checking TS 38.101-1[2] and TS 38.101-2[3] version of 15.6.0, we can know that the following maximum transmission bandwidth were defined for FR1 and FR2:

	Table 5.3.2-1: Maximum transmission bandwidth configuration NRB [2]
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Table 5.3.2-1: Maximum transmission bandwidth configuration NRB [3]
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For demodulation performance requirements for NR CA, we think the method of per CC structure agreed in LTE can be reused. To cover all possible CA band combinations and ensure future-proof, we prefer to define the corresponding performance requirements for all channel bandwidths shown in Table 5.3.2-1 of TS 38.101-1[2] and TS 38.101-2[3] for FR1 and FR2. Considering the real network deployment, the release 15 demodulation requirements should focus on 15kHz SCS for FR1 FDD and 30kHz SCS for FR1 TDD as did for single carrier in release 15. 

Proposal 2: Define performance requirements for all channel bandwidths listed in Table 5.3.2-1 of TS 38.101-1[2] and TS 38.101-2[3] for FR1 and FR2 by focusing on 15kHz SCS for FR1 FDD, 30kHz SCS for FR1 TDD and 120kHz SCS for FR2 TDD by reusing LTE per CC structure for NR Rel-16 CA PDSCH performance requirements.
2.1.1.1   NR CA for FR1
For the specific test configurations, NR Rel-15 UE demodulation requirements defined several different scenarios, we would like to propose to choose the test configurations specified for test case 1-2 for both FDD and TDD for PDSCH Mapping Type A with Rank 1 for 2Rx and 4Rx, i.e.
	Table 5.2.2.1.1-3: Minimum performance for Rank 1

Test num.

Reference channel

Bandwidth (MHz) / Subcarrier spacing (kHz)

Modulation format and code rate
Propagation condition

Correlation matrix and antenna configuration

Reference value

Fraction of maximum throughput (%)

SNR (dB)

1-1

R.PDSCH.1-1.1 FDD

10 / 15

QPSK, 0.30

TDLB100-400

2x2, ULA Low

70

-0.8
1-2
R.PDSCH.1-1.2 FDD

10 / 15

QPSK, 0.30

TDLC300-100

2x2, ULA Low

70

0.2
Table 5.2.2.2.1-3: Minimum performance for Rank 1

Test num.

Reference channel

Bandwidth (MHz) / Subcarrier spacing (kHz)
Modulation format and code rate
TDD UL-DL pattern

Propagation condition

Correlation matrix and antenna configuration

Reference value

Fraction of maximum throughput (%)

SNR (dB)

1-1

R.PDSCH.2-1.1 TDD

40 / 30

QPSK, 0.30

FR1.30-1A
TDLB100-400

2x2, ULA Low

70

-1.1
1-2
R.PDSCH.2-1.2 TDD

40 / 30

QPSK, 0.30

FR1.30-1
TDLC300-100

2x2, ULA Low

70

0.2
Table 5.2.3.1.1-3: Minimum performance for Rank 1

Test num.

Reference channel

Bandwidth (MHz) / Subcarrier spacing (kHz)
Modulation format and code rate
Propagation condition

Correlation matrix and antenna configuration

Reference value

Fraction of maximum throughput (%)

SNR (dB)

1-1

R.PDSCH.1-1.1 FDD

10 / 15

QPSK, 0.30
TDLB100-400

2x4, ULA Low

70

-3.5
1-2
R.PDSCH.1-1.2 FDD

10 / 15

QPSK, 0.30
TDLC300-100

2x4, ULA Low

70

-2.9
Table 5.2.3.2.1-3: Minimum performance for Rank 1

Test num.

Reference channel

Bandwidth (MHz) / Subcarrier spacing (kHz)
Modulation format and code rate
TDD UL-DL pattern

Propagation condition

Correlation matrix and antenna configuration

Reference value

Fraction of maximum throughput (%)

SNR (dB)

1-1

R.PDSCH.2-1.1 TDD

40 / 30

QPSK, 0.30

FR1.30-1A
TDLB100-400

2x4, ULA Low

70

-4.1
1-2
R.PDSCH.2-1.2 TDD

40 / 30

QPSK, 0.30

FR1.30-1
TDLC300-100

2x4, ULA Low

70

-2.7



Proposal 3: Define NR Release 16 CA PDSCH UE demodulation requirements for FR1 with the following configurations:
· Antenna configuration: 2x2 and 2x4, ULA Low
· Modulation and Code rate: QPSK and 0.30
· Propagation condition: TDLC300-100
· TDD UL-DL pattern: FR1.30-1, i.e. 7DS2U with S=6:4:4
The maximum aggregated channel bandwidths defined for FR1 in TS 38.101-1 [2] Table 5.5A.1-1 for intra-band contiguous CA and Table 5.5A.3-1 for inter-band CA are as following:
Table 2.1-1: CA configuration summary for FR1 defined in TS 38.101-1[2]
	Frequency Range
	CA
	NR CA configuration
	Duplex Mode
	Maximum Channel Bandwidth combination

	FR1
	Intra-band contiguous CA
	CA_n41C
	TDD
	80+100

	
	
	CA_n77C,
CA_n78C,
CA_n79C
	TDD
	2x100

	
	
	CA_n77D,
CA_n78D, 
CA_n79D
	TDD
	3x100

	
	
	CA_n77E, 
CA_n78E, 
CA_n79E
	TDD
	4x100

	
	Inter-band CA
	CA_n3A-n77A,
CA_n3A-n78A,
CA_n3A-n79A
	FDD-TDD
	30MHz/15kHz SCS + 100MHz/30kHz SCS

	
	
	CA_n8A-n75A,
CA_n28A-n75A
	FDD-TDD
	20MHz/15kHz SCS + 20MHz/30kHz SCS

	
	
	CA_n8A-n78A,
CA_n8A-n79A,
CA_n28A-n78A
	FDD-TDD
	20MHz/15kHz SCS + 100MHz/30kHz SCS

	
	
	CA_n75A-n78A
	SDL-TDD
	20MHz/30kHz SCS + 20MHz/30kHz SCS

	
	
	CA n76A-n78A
	SDL-TDD
	5MHz/15kHz SCS + 100MHz/30kHz SCS

	
	
	CA_n41A-n78A,
CA_n77A-n79A,
CA_n78A-n79A
	TDD-TDD
	100MHz/30kHz SCS + 100MHz/30kHz SCS


For SUL configuration defined in Table 5.5C-1 of TS 38.101-1[2], only one band is used for DL transmission, from UE demodulation requirements point of view, the requirements defined for single CC can be used, no additional CA requirements need to be defined. By summarizing the bandwidth and SCS combinations defined so far and as shown in Table 2.1-1 above, we can derive the following NR CA UE PDSCH normal demodulation tests for FR1 with selecting all the largest aggregated bandwidth for CA configuration with different number of DL CCs by using the LTE test structure. 
Table 5.2.3.3.1-x1: Minimum performance (FRC) based on single carrier performance for CA with 2 DL CCs
	Test num.
	Duplex Mode
	CA Bandwidth/SCS combination (MHz/kHz)
	Requirement

	1
	TDD-TDD
	80/30 + 100/30
	As specified in Table 5.2.3.2-1 per CC

	2
	TDD-TDD
	100/30 + 100/30
	As specified in Table 5.2.3.2-1 per CC

	3
	FDD-TDD
	20/15 + 20/30
	As specified in Table 5.2.3.2-1 per CC

	4
	FDD-TDD
	20/15 + 100/30
	As specified in Table 5.2.3.2-1 per CC

	5
	FDD-TDD
	30/15 + 100/30
	As specified in Table 5.2.3.2-1 per CC

	6
	SDL-TDD
	20/30 + 20/30
	As specified in Table 5.2.3.2-1 per CC

	7
	SDL-TDD
	5/15 + 100/30
	As specified in Table 5.2.3.2-1 per CC


Table 5.2.3.3.1-x2: Minimum performance (FRC) based on single carrier performance for CA with 3 DL CCs
	Test num.
	Duplex Mode
	CA Bandwidth/SCS combination (MHz/kHz)
	Requirement

	1
	TDD-TDD
	100/30 + 100/30 + 100/30
	As specified in Table 5.2.3.2-1 per CC


Table 5.2.3.3.1-x3: Minimum performance (FRC) based on single carrier performance for CA with 4 DL CCs
	Test num.
	Duplex Mode
	CA Bandwidth/SCS combination (MHz/kHz)
	Requirement

	1
	TDD-TDD
	100/30 + 100/30 + 100/30 + 100/30
	As specified in Table 5.2.3.2-1 per CC


2.1.1.2   NR CA for FR2
The maximum aggregated channel bandwidth defined for FR2 in TS 38.101-2 [3] Table 5.5A.1-1 for intra-band contiguous CA, Table 5.5A.2-1 and Table 5.5A.2-2 for intra-band non-contiguous CA are as following:

Table 2.1-2: Intra-band contiguous CA configuration summary for FR2 defined in TS 38.101-2[3]
	Frequency Range
	CA
	NR CA configuration
	SCS
	Maximum Channel Bandwidth combination

	FR2
	Intra-band contiguous CA
	CA_n257B
CA_n260B
CA_n261B
	
	400+400

	
	
	CA_n260C
	
	400+400+400

	
	
	CA_n261C1
	
	50+400+400

	
	
	CA_n257D
CA_n260D
CA_n261D
	
	200+200

	
	
	CA_n257E
CA_n260E
CA_n261E
	
	200+200+200

	
	
	CA_n257F
CA_n260F
CA_n261F
	
	200+200+200+200

	
	
	CA_n257G
CA_n260G
CA_n260O
CA_n261G
CA_n261O
	
	100+100

	
	
	CA_n257H
CA_n260H
CA_n260P
CA_n261H
CA_n261P
	
	100+100+100

	
	
	CA_n257I
CA_n260I
CA_n260Q
CA_n261I
CA_n261Q
	
	100+100+100+100

	
	
	CA_n257J
CA_n260J
CA_n261J
	
	100+100+100+100+100

	
	
	CA_n257K
CA_n260K
CA_n261K
	
	100+100+100+100+100+100

	
	
	CA_n257L
CA_n260L
CA_n261L
	
	100+100+100+100+100+100+100

	
	
	CA_n257M
CA_n260M
CA_n261M
	
	100+100+100+100+100+100+100+100

	NOTE 1:
The maximum bandwidth of band n261 is 850MHz.


Table 2.1-2: Intra-band contiguous CA with single bandwidth class summary for FR2 defined in TS 38.101-2[3]
	Frequency Range
	CA
	NR CA configuration
	SCS
	Maximum Channel Bandwidth combination

	FR2
	Intra-band non-contiguous CA with single CA bandwidth class
	CA_n257(2A)

CA_n260(2A)

CA_n261(2A)
	60
	200+200

	
	
	
	120
	400+400

	
	
	CA_n260(3A)
	60
	200+200+200

	
	
	
	120
	400+400+400

	
	
	CA_n260(4A)
	60
	200+200+200+200

	
	
	
	120
	400+400+400+400

	
	
	CA_n261(3A)1
	60
	200+200+200

	
	
	
	120
	3*{50,100,200,400} = 700

	
	
	CA_n261(4A)1
	60
	4*{50,100,200} = 700

	
	
	
	120
	4*{50,100,200,400} = 700

	NOTE 1:
Parameter value accounts for both, the maximum frequency range of band n261 (850 MHz), and the minimum frequency gaps in between non-contiguous component carriers.


Table 2.1-3: Intra-band contiguous CA with two bandwidth classes summary for FR2 defined in TS 38.101-2[3]
	Frequency Range
	CA
	NR CA configuration
	Number of CC
	Maximum Aggregated Channel Bandwidth

	FR2
	Intra-band non-contiguous CA with two CA bandwidth classes
	CA_n260(A-I)
	1+4
	800

	
	
	CA_n260(D-G)
CA_n261(D-G)
	2+2
	600

	
	
	CA_n260(D-H)
CA_n261(D-H)
	2+3
	700

	
	
	CA_n260(D-I)
CA_n261(D-I)
	2+4
	800

	
	
	CA_n260(D-O)
CA_n261(D-O)
	2+2
	600

	
	
	CA_n260(D-P)
CA_n261(D-P)
	2+3
	700

	
	
	CA_n260(D-Q)
CA_n261(D-Q)
	2+4
	800

	
	
	CA_n260(E-O)
CA_n261(E-O)
	3+2
	800

	
	
	CA_n260(E-P)
	3+3
	8001

	
	
	CA_n260(E-Q)
	3+4
	1000

	
	
	CA_n260(G-I)
	2+4
	600

	
	
	CA_n261(E-P)
	3+3
	900

	
	
	CA_n261(E-Q)
	3+4
	8001

	NOTE 1:
Parameter value accounts for both, the maximum frequency range of band n261 (850 MHz), and a minimum frequency gap in between non-contiguous component carriers.


From LTE specification drafting experience, we know there is heavy burden for the maintenance of addition other largest aggregation bandwidth with more and more CA configurations introduced, lots of time needs to be spent to figure out other newly introduced largest aggregation bandwidths among many CA configurations. Also more and more CA bandwidth classes and fallback group are introduced for NR in core specification TS 38.101-1[2] and TS 38.101-2[3], it becomes very very difficult to list all supported largest aggregated bandwidth for different CA configurations and band combinations compared to LTE. But the basic principle is to select the largest aggregated bandwidth among all supported CA configurations and bandwidth combinations sets, actually this selection can be left to UE under test to choose during the test, from the specification drafting point of view, RAN4 should focus on the performance requirements definition and just needs to give the clear test applicability rule as depicted in LTE section 8.1.2.3 of TS 36.101 for different CA configurations and bandwidth combination sets to guide the real testing.

Proposal 4: Not list all specific largest aggregated bandwidth combination for CA configurations with different number of DL CCs and just give the following test applicability rule to make the specification maintenance easier:

· For UEs supporting different CA configurations and bandwidth combination sets, choose any one of the supported CA capabilities with the largest aggregated CA bandwidth combination. 
The test configurations for FR2 CA PDSCH normal demodulation requirements can use the general test configurations for Test 1-1 as shown below but with TDD UL-DL pattern FR2.120-1. 
Table 7.2.2.2.1-3: Minimum performance for Rank 1 (FRC)

	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNRBB (dB)

	1-1
	R.PDSCH.5-1.1 TDD
	100 / 120
	QPSK, 0.30
	FR2.120-1A
	TDLC60-300
	2x2 ULA Low
	70
	-0.4

	1-2
	R.PDSCH.5-2.1 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x2 ULA Low
	30
	1.7


Proposal 5: Define NR Release 16 CA PDSCH UE demodulation requirements for FR2 with the following configurations:

· Subcarrier spacing: 120kHz
· Antenna configuration: 2x2, ULA Low
· Modulation and Code rate: QPSK and 0.30
· Propagation condition: TDLC60-300
· TDD UL-DL pattern: FR2.120-1, i.e. DDDSU with S=10:2:2
2.1.2   EN-DC and NGEN-DC
As per the 5G architecture options depicted in TR 38.801[6] for EN-DC and NGNE-DC as shown below, both EN-DC and NGEN-DC include at least one E-UTRA operating band, the main difference is LTE eNB or eLTE eNB used for the connection setup, as per WID [1] “No additional LTE requirements will be introduced” and the PDSCH and PDCCH requirements for EN-DC defined in section 9.2B and section 9.3B of TS 38.101-4[5], we know that the NR CA PDSCH performance requirements for EN-DC and NGNE-DC can use the NR single CC performance requirements by using per CC structure during the test without considering the LTE requirements test.
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Figure 7.2-2: Options 3 and 3A
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Figure 7.2-5: Options 7 and 7A


Proposal 6: No additional requirements need to be defined for NR CA PDSCH demodulation requirements for EN-DC and NGEN-DC, i.e. reuse the existing requirements defined in section 9.2B.1 and 9.3B.1 for EN-DC of TS 38.101-4.
3   Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:

Proposal 1: Define the CA PDSCH normal demodulation requirements based on the Rel-15 core specifications TS 38.101-1/2/3
Proposal 2: Define performance requirements for all channel bandwidths listed in Table 5.3.2-1 of TS 38.101-1[2] and TS 38.101-2[3] for FR1 and FR2 by focusing on 15kHz SCS for FR1 FDD, 30kHz SCS for FR1 TDD and 120kHz SCS for FR2 TDD by reusing LTE per CC structure for NR Rel-16 CA PDSCH performance requirements.
Proposal 3: Define NR Release 16 CA PDSCH UE demodulation requirements for FR1 with the following configurations:

· Antenna configuration: 2x2 and 2x4, ULA Low
· Modulation and Code rate: QPSK and 0.30
· Propagation condition: TDLC300-100
· TDD UL-DL pattern: FR1.30-1, i.e. 7DS2U with S=6:4:4
Proposal 4: Not list all specific largest aggregated bandwidth combination for CA configurations with different number of DL CCs and just give the following test applicability rule to make the specification maintenance easier:

· For UEs supporting different CA configurations and bandwidth combination sets, choose any one of the supported CA capabilities with the largest aggregated CA bandwidth combination.  
Proposal 5: Define NR Release 16 CA PDSCH UE demodulation requirements for FR2 with the following configurations:

· Subcarrier spacing: 120kHz
· Antenna configuration: 2x2, ULA Low
· Modulation and Code rate: QPSK and 0.30
· Propagation condition: TDLC60-300
· TDD UL-DL pattern: FR2.120-1, i.e. DDDSU with S=10:2:2
Proposal 6: No additional requirements need to be defined for NR CA PDSCH demodulation requirements for EN-DC and NGEN-DC, i.e. reuse the existing requirements defined in section 9.2B.1 of TS 38.101-4.
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