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1. Introduction

The following objective is included in the WID on NR performance requirement enhancement [1]. As scheduled, the discussion on CA CQI reporting requirements is started from this RAN4 meeting:
· NR CA PDSCH normal demodulation and CA CQI reporting requirements for NR CA, EN-DC, NE-DC, NR-DC

· All NR CA normal demodulation and CA CQI reporting requirements are applicable to EN-DC, NE-DC, NR-DC with CA. For EN-DC and NE-DC, EUTRA performance will not be verified. For NR-DC, no specific requirements will be specified.

· CA CQI reporting requirements will be defined under AWGN condition.
· Note: the work for CA CQI reporting requirements can be started from March 2020.
This paper discusses the test parameters for CA CQI reporting requirements.
2. Discussion
General methodology

In LTE CA CQI requirement, to verify UE perform independent CQI calculation in each CC, the difference between the wideband CQI indices of Pcell and the first Scell as well as the difference between the wideband CQI indices of the first Scell and the other Scell(s) (if any) are measured.
In general, this methodology is well used for LTE and can be reused for NR CA CQI reporting requirements.

Proposal 1: Following the methodology used in LTE, measure the difference between the wideband CQI indices of Pcell and the first Scell as well as the difference between the wideband CQI indices of the first Scell and the other Scell(s) (if any).
Duplex mode and SCS

The duplex mode and SCS combinations for defining NR CA PDSCH normal demodulation requirements has been decided while the test applicability is still under discussion [2].

For CA CQI reporting, we propose to reuse these duplex mode and SCS combinations for defining the requirements, and the test applicability can be discussed later, i.e., define CQI reporting requirements for the following duplex mode and SCS combinations:
· FR1
· FDD + FDD: FDD 15 kHz + FDD 15 kHz

· TDD + TDD: TDD 15 kHz + TDD 30 kHz, TDD 30 kHz + TDD 30 kHz

· FDD + TDD: FDD 15 kHz + TDD 30 kHz, FDD 15 kHz + TDD 15 kHz
· FR2
· TDD + TDD: TDD 120 kHz + TDD 120 kHz

Proposal 2: Define requirements for the following duplex mode and SCS combinations and discuss the test applicability later:
· FR1
· FDD + FDD: FDD 15 kHz + FDD 15 kHz

· TDD + TDD: TDD 15 kHz + TDD 30 kHz, TDD 30 kHz + TDD 30 kHz

· FDD + TDD: FDD 15 kHz + TDD 30 kHz, FDD 15 kHz + TDD 15 kHz
· FR2
· TDD + TDD: TDD 120 kHz + TDD 120 kHz

TDD pattern
For TDD pattern, we propose to reuse the TDD UL-DL pattern for CA PDSCH normal performance requirements [3], which are
· FR1 SCS 15 kHz: 3D1S1U with S=10:2:2

· FR1 SCS 30 kHz: 7D1S2U with S=6:4:4

· FR2 SCS 120 kHz: 3D1S1U with S=10:2:2

Proposal 3: Reuse the following TDD UL-DL patterns for CA PDSCH normal performance requirements:
· FR1 SCS 15 kHz: 3D1S1U with S=10:2:2

· FR1 SCS 30 kHz: 7D1S2U with S=6:4:4

· FR2 SCS 120 kHz: 3D1S1U with S=10:2:2

CSI reporting type and periodicity
For the CSI reporting type and periodicity, the assumption in NR Rel-15 single carrier CQI test in AWGN condition can be reused, i.e., periodic CSI reporting with periodicity of 5, 10, and 8 slots for 15kHz, 30kHz and 120kHz SCS respectively.

Proposal 4: Assume periodic CSI reporting with periodicity of 5, 10, and 8 slots for 15kHz, 30kHz and 120kHz SCS respectively.
CQI table

In Rel-15 single carrier CQI test, CQI table 2 is used for FR1, and CQI table 1 is used for FR2. Although it is expected that FR2 CQI reporting requirements for CQI table 2 will be introduced in Rel-16 in FR2 DL 256QAM WI [4], we are fine to reuse the CQI tables used in Rel-15 single carrier CQI test for CA CQI test.
Proposal 5: Use CQI table 2 for FR1, and CQI table 1 for FR2.
Channel bandwidth and test metric
To cover UE supporting different CA configurations, we propose to define requirements for all the configurable channel bandwidths for each selected duplex mode and SCS combination. Meanwhile, we think the requirements can be defined in a bandwidth agnostic way. It is worth noting that in LTE, the same requirements are applied for different CA bandwidth combinations. 
In theory, this bandwidth agnostic approach is workable considering that AWGN condition is assumed. For double checking, in the following, we will run simulations for different channel bandwidths with 30kHz SCS. In the simulation, 1T2R antenna configuration and CQI Table 2 are used. The SNR is configured by reusing the LTE assumption, i.e., SNRPcell = 10dB and SNRScell = 4dB for 2DL CA, SNRPcell = 12dB, SNRScell1 = 6dB and SNRScell2 = 0dB for 3DL CA. The simulation results in terms of delta CQI distributions are shown in Table 1 and Table 2 for 2DL CA and 3DL CA respectively.
Table 1: Distribution of delta CQI for 2 DL CA (SNRPcell = 10dB, SNRScell = 4dB)

	Test metric
	wideband CQIPcell – wideband CQIScell ≥ x

	x
	2
	3

	Percentage
	Pcell 10MHz + Scell 10MHz
	98.92%
	88.18%

	
	Pcell 5 MHz + Scell 100 MHz
	99.57%
	89.51%


Table 2: Distribution of delta CQI for 3 DL CA (SNRPcell = 12dB, SNRScell1 = 6dB, SNRScell2 = 0dB)
	Test metric
	wideband CQIPcell – wideband CQIScell1 ≥ y

	y
	2
	3

	Percentage
	Pcell 10MHz + Scell1 10MHz + Scell2 10MHz
	98.62%
	85.65%

	
	Pcell 5 MHz + Scell1 100 MHz + Scell2 100MHz
	99.50%
	87.07%

	Test metric
	wideband CQIScell1 – wideband CQIScell2 ≥ z

	z
	2
	3

	Percentage
	Pcell 10MHz + Scell1 10MHz + Scell2 10MHz
	96.0%
	64.96%

	
	Pcell 5 MHz + Scell1 100 MHz + Scell2 100MHz
	100%
	78.53%


As known, in LTE CA CQI test, the difference between the wideband CQI indices of Pcell and the first Scell as well as the difference between the wideband CQI indices of the first Scell and the other Scell(s) (if any) shall be larger than 2 for more than 90% of the time.
According to our simulation results in Table 1 and Table 2, the SNR configuration and the test metric for LTE can be reused for NR. Moreover, it is seen as reasonable to apply the requirements in a bandwidth agnostic way, i.e., apply the same requirements for different CA bandwidth combinations.
Proposal 6: Reuse SNR configuration and test metric in LTE CA CQI test for NR: 

· SNRPcell = 10dB and SNRScell = 4dB for 2DL CA, SNRPcell = 12dB, SNRScell1 = 6dB, SNRScell2, 3,… = 0dB for 3 or more DL CA.
· For 2DL CA, the difference between the wideband CQI indices of Pcell and Scell shall be larger than 2 for more than 90% of the time.
· For 3 or more DL CA, the difference between the wideband CQI indices of Pcell and Scell1 shall be larger than 2, and the difference between the wideband CQI indices of Scell1 and all other Scell(s) shall be larger than 2, for more than 90% of the time.
· The above requirements are applied for different CA bandwidth combinations.
Antenna configuration

For the Tx antenna number, to simplify the test setup, 1Tx can be used. 

For the Rx antenna number, both 2Rx and 4Rx need to be covered, since there are several major NR bands capable of 4Rx. Meanwhile, with AWGN condition assumed in the test, we think we do not need to re-run simulation for 4Rx but just reduce the signal power density by 3dB for the 4Rx band.
To confirm the feasibility of reducing the signal power density by 3dB for the 4Rx band while keeping the same test metric, we run simulation and compare the delta CQI for the following three cases:
· Case 1: 2DL CA, both Pcell and Scell are capable of 2Rx, SNRPcell = 10dB, SNRScell = 4dB
· Case 2: 2DL CA, Pcell is capable of 4Rx and Scell is capable of 2Rx, SNRPcell = 7dB, SNRScell = 4dB
· Case 3: 2DL CA, both Pcell and Scell are capable of 4Rx, SNRPcell = 7dB, SNRScell = 1dB
Table 3: Comparison of delta CQI distribution
	Test metric
	wideband CQIPcell – wideband CQIScell ≥ x

	x
	2
	3

	Percentage
	Case 1: Pcell 2Rx + Scell 2Rx
	98.92%
	88.18%

	
	Case 2: Pcell 4Rx + Scell 2Rx
	99.53%
	92.06%

	
	Case 3: Pcell 4Rx + Scell 4Rx
	99.57%
	90.37%


From the results, we can make the conclusion that by reducing the signal power density by 3dB for the 4Rx band, the same test metric can be used for 2Rx and 4Rx bands.
Proposal 7: Use 1Tx antenna, 2Rx and 4Rx antennas. For 4Rx band, reduce the signal power density by 3dB compared to that for 2Rx, while keeping the same test metric for 2Rx and 4Rx bands.
3. Conclusion
This paper discussed test parameters for CA CQI reporting requirement, with the following proposals:
Proposal 1: Following the methodology used in LTE, measure the difference between the wideband CQI indices of Pcell and the first Scell as well as the difference between the wideband CQI indices of the first Scell and the other Scell(s) (if any).
Proposal 2: Define requirements for the following duplex mode and SCS combinations and discuss the test applicability later:
· FR1
· FDD + FDD: FDD 15 kHz + FDD 15 kHz

· TDD + TDD: TDD 15 kHz + TDD 30 kHz, TDD 30 kHz + TDD 30 kHz

· FDD + TDD: FDD 15 kHz + TDD 30 kHz, FDD 15 kHz + TDD 15 kHz
· FR2
· TDD + TDD: TDD 120 kHz + TDD 120 kHz

Proposal 3: Reuse the following TDD UL-DL patterns for CA PDSCH normal performance requirements:

· FR1 SCS 15 kHz: 3D1S1U with S=10:2:2

· FR1 SCS 30 kHz: 7D1S2U with S=6:4:4

· FR2 SCS 120 kHz: 3D1S1U with S=10:2:2

Proposal 4: Assume periodic CSI reporting with periodicity of 5, 10, and 8 slots for 15kHz, 30kHz and 120kHz SCS respectively.
Proposal 5: Use CQI table 2 for FR1, and CQI table 1 for FR2.
Proposal 6: Reuse SNR configuration and test metric in LTE CA CQI test for NR: 

· SNRPcell = 10dB and SNRScell = 4dB for 2DL CA, SNRPcell = 12dB, SNRScell1 = 6dB, SNRScell2, 3,… = 0dB for 3 or more DL CA.
· For 2DL CA, the difference between the wideband CQI indices of Pcell and Scell shall be larger than 2 for more than 90% of the time.
· For 3 or more DL CA, the difference between the wideband CQI indices of Pcell and Scell1 shall be larger than 2, and the difference between the wideband CQI indices of Scell1 and all other Scell(s) shall be larger than 2, for more than 90% of the time.
· The above requirements are applied for different CA bandwidth combinations.
Proposal 7: Use 1Tx antenna, 2Rx and 4Rx antennas. For 4Rx band, reduce the signal power density by 3dB compared to that for 2Rx, while keeping the same test metric for 2Rx and 4Rx bands.
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