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1. Introduction
Latest 38.101-4 spec [1] has specified the applicability of section5 and section 6 FR1 Demodulation and CSI test cases for 2Rx and 4Rx UEs. 38.521-4 spec [2] currently does not take into account that aspects.
This paper discusses how to treat 4Rx and 2Rx RF, RRM, DEMOD and CSI test cases. 
2. Discussion

2.1. DEMOD and CSI test cases

Pasting relevant applicability section from 38.101-4 spec.
5.1.1.2
Applicability of requirements for different number of RX antenna ports

The number of RX antenna ports for different RF operating bands is up to UE declaration.

The UE shall support 2 or 4 RX antenna ports for different RF operating bands. The operating bands, where 4 RX antenna ports shall be the baseline, are defined in Clause 7.2 of TS 38.101-1. The UE requirements applicability for UEs with different number of RX antenna ports is defined in Table 5.1.1.2-1.

Table 5.1.1.2-1: Requirements applicability

	Supported RX antenna ports
	Test type
	Test list

	UE supports only 2RX 
	PDSCH
	All tests in Clause 5.2.2

	
	PDCCH
	All tests in Clause 5.3.2

	
	PBCH
	All tests in Clause 5.4.2

	UE supports only 4RX or both 2RX and 4RX
	PDSCH
	All tests in Clause 5.2.3

	
	PDCCH
	All tests in Clause 5.3.3

	
	PBCH
	All tests in Clause 5.4.2 or 5.4.3 (Note)

	Note:
Requirements for PBCH with 4Rx is up to UE declaration


6.1.1.2
Applicability of requirements for different number of RX antenna ports

The number of RX antenna ports for different RF operating bands is up to UE declaration.

The UE shall support 2 or 4 RX antenna ports for different RF operating bands. The operating bands, where 4 RX antenna ports shall be the baseline, are defined in clause 7.2 of TS 38.101-1 [6]. The UE requirements applicability for UEs with different number of RX antenna ports is defined in Table 6.1.1.2-1.

Table 6.1.1.2-1: Requirements applicability

	Supported RX antenna ports
	Test type
	Test list

	UE supports only 2RX 
	CQI
	All tests in Clause 6.2.2

	
	PMI
	All tests in Clause 6.3.2

	
	RI
	All tests in Clause 6.4.2

	UE supports only 4RX or both 2RX and 4RX
	CQI
	All tests in Clause 6.2.3

	
	PMI
	All tests in Clause 6.3.3

	
	RI
	All tests in Clause 6.4.3


Pasting relevant section of clause 7.2 of TS 38.101-1 [3] that is referred in 38.101-4 spec.

7.2
Diversity characteristics

The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.

For the requirements in Section 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands. Additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports.

The above rules apply for all subclauses with the exception of subclause 7.9.

7.3 Reference sensitivity

7.3.1
General

The reference sensitivity power level REFSENS is the minimum mean power applied to each one of the UE antenna ports for all UE categories, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

In later subclauses of Section 7 where the value of REFSENS is used as a reference to set the corresponding requirement:

in all bands, the UE shall be verified against those requirements by applying the REFSENS value in Table 7.3.2-1 with 2 Rx antenna ports tested;

for bands where the UE is required to be equipped with 4 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 with 4 Rx antenna ports tested.


<many rows skipped>
Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS

	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5

MHz
(dBm)
	10

MHz
(dBm)
	15

MHz
(dBm)
	20

MHz
(dBm)
	25

MHz
(dBm)
	30 MHz (dBm)
	40

MHz
(dBm)
	50

MHz
(dBm)
	60

MHz
(dBm)
	80

MHz
(dBm)
	90

MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n71
	15
	-98.0
	-94.8
	-93.0
	-91.8
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-95.1
	-93.1
	-92.0
	
	
	
	
	
	
	
	
	

	
	60
	
	-95.5
	-93.4
	-92.2
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	-89.7
	-88.7
	-87.9
	-86.6
	
	-85.6
	

	
	Many rows skipped
	

	NOTE 1:
Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE.
NOTE 2:
The transmitter shall be set to PUMAX as defined in subclause 6.2.4

NOTE 3:
The requirement is modified by -0.5 dB when the assigned NR channel bandwidth is confined within 1475.9 - 1510.9 MHz.

NOTE 4:
The requirement is modified by -0.5 dB when the assigned UE channel bandwidth is confined within 3300 - 3800 MHz.

NOTE 5:
For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration


For UE(s) equipped with 4 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1 shall be modified by the amount given in ΔRIB,4R in Table 7.3.2-2 for the applicable operating bands.

Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R

	Operating band
	ΔRIB,4R (dB)

	n1, n2, n3, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79
	-2.2


Observation 1: TS 38.101-1 spec requires 4Rx support on bands n7, n38, n41, n77, n78, n79 for non-vehicular UE. Rest of the bands are 2Rx or 4Rx capable based on UE declaration.
Observation 2: FR1 DEMOD test cases specified in clause 5.2.2 and 5.3.2 need to be tested for UEs supporting only 2Rx bands

Observation 3: FR1 CSI test cases specified in clause 6.2.2 and 6.3.2 need to be tested for UEs supporting only 2Rx bands.

Observation 4: For DEMOD tests in section 5, if a UE supports both 4Rx and 2Rx bands, only the 4Rx test cases specified in clause 5.2.3 and 5.3.3 needs to be tested on 4Rx band.

Observation 5: For CSI tests in section 6, if a UE supports both 4Rx and 2Rx bands, only the 4Rx test cases specified in clause 6.2.3 and 6.3.3 needs to be tested on 4Rx band.
2.2. DEMOD test cases: Option to skip 2Rx tests if UE supports 4Rx


To incorporate observation 4 and observation 5 in the DEMOD applicability spec, our suggestion is to add an applicability statement to skip the 2Rx test, if the corresponding 4Rx test case has been executed.

An example is shown below with added text in RED. 

Table 4.1.4-1: Applicability of performance test cases, ref. TS 38.521-4 [4]
	Clause
	TC Title
	Release
	Applicability
	Tested Bands Selection
	Additional Information

	
	
	
	Condition
	Comment
	
	

	5
	Demodulation performance requirements (Conducted requirements)
	
	
	
	
	

	5.2.2.1.1_1
	2Rx FDD FR1 PDSCH mapping Type A performance - 2x2 MIMO with baseline receiver for both SA and NSA
	Rel-15
	Perf_C01
	UEs supporting 5GS FDD FR1
	Perf_D01, Perf_D03
	Test execution not necessary if 5.2.3.1.1_1 is executed

	5.2.3.1.1_1
	4Rx FDD FR1 PDSCH mapping Type A performance - 2x4 MIMO baseline receiver for both SA and NSA
	Rel-15
	Perf_C03
	UEs supporting 5GS FDD FR1 and 4Rx antenna ports
	Perf_D01,

Perf_D02
	


Proposal 1: Implement the above mentioned approach to skip 2Rx tests if corresponding 4Rx test case is executed in the applicability spec for both section 5 and section 6 test cases of 38.521-4 spec.
2.3. RF Tx/Rx test cases

For RF transmitter test cases, there is no Ran4 requirement on the need for 2Rx or 4Rx antenna ports.

Hence proposal is to test all RF transmitter test cases with 2Rx antenna ports regardless of the RF band. If RF band under test is a 4Rx band, connect any 2 of the 4Rx antenna port for these tests.

Proposal 2: Test all RF transmitter and receiver test cases which do not have a 4Rx requirements with 2Rx connection. 
For RF receiver test cases, RAN4 requirement says “the UE shall be verified with two Rx antenna ports in all supported frequency bands. 
Additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports.
The above rules apply for all subclauses with the exception of subclause 7.9.”
Proposal 3b: RF Test cases for which additional 4Rx requirements are specified, add new test point to test the 4Rx requirement.

2.4. RRM test cases

All RRM requirements in TS 38.133 are defined for 2Rx unless explicitly specified within test case. For eg for RLM test case where RAN4 has specified SNR for 2Rx capable UE and 4Rx capable UE. 

Proposal 4a: Test all RRM test cases which do not have a 4Rx requirement with 2Rx connection

Proposal 4b: RRM test cases for which additional 4Rx requirements are specified, add new test case to test the 4Rx requirement.
2.5. Update to 38.508-2 spec
The ICS for support of 4Rx antenna port is currently missing in 38.508-2 spec.

Proposal 5: Add the ICS for 4Rx antenna port as following RED text in 38.508-2. Also UE vendor declaration table for 4Rx band support is needed.
A.4.3.9
Additional capabilities for UE declared capability

Table A.4.3.9-1: UE declared capabilities

	Item
	UE declared capabilities
	Ref.
	Release
	Mnemonic
	Comments

	1
	Enhanced Type X Receiver for NR
	38.101-4, 5
	Rel-15
	pc_nr_enh_typeX_receiver
	Support for Enhanced Type X Receiver

	2
	Support of 4Rx antenna ports
	38.101-1, 7.2
	Rel-15
	
	

	3
	Support of 4Rx antenna ports in atleast one FDD frequency band 
	38.101-1, 7.2
	Rel-15
	
	

	4
	Support of 4Rx antenna ports in atleast one TDD frequency band 
	38.101-1, 7.2
	Rel-15
	
	

	5
	Vehicular UE
	38.101-1, 3
	Rel-15
	Pc_nr_vehicular_ue
	


A test case with 4Rx requirements needs to be tested if 

a) (Vehicular UE) AND (Support of 4Rx support in atleast one FDD OR TDD Band)

b) (non-vehicular UE) AND ((38.101-1 Table 7.3.2-1 Note 1 bands)  OR (Support of 4Rx support in atleast one FDD or TDD band))
Proposal 6: Update the applicability condition for 4Rx test cases taking into account the above logic.

3. Conclusions

Observation 1: TS 38.101-1 spec requires 4Rx support on bands n7, n38, n41, n77, n78, n79. Rest of the bands are defined as 2Rx capable.
Observation 2: FR1 DEMOD test cases specified in clause 5.2.2 and 5.3.2 need to be tested for UEs supporting only 2Rx bands

Observation 3: FR1 CSI test cases specified in clause 6.2.2 and 6.3.2 need to be tested for UEs supporting only 2Rx bands.

Observation 4: For DEMOD tests in section 5, if a UE supports both 4Rx and 2Rx bands, only the 4Rx test cases specified in clause 5.2.3 and 5.3.3 needs to be tested on 4Rx band.

Observation 5: For CSI tests in section 6, if a UE supports both 4Rx and 2Rx bands, only the 4Rx test cases specified in clause 6.2.3 and 6.3.3 needs to be tested on 4Rx band.

Proposal 1: Implement the above mentioned approach to skip 2Rx tests if corresponding 4Rx test case is executed in the applicability spec for both section 5 and section 6 test cases of 38.521-4 spec.

Proposal 2: Test all RF transmitter test cases with 2Rx antenna ports regardless of the RF band. If RF band under test is a 4Rx band, connect any 2 of the 4Rx antenna port for these tests.
Proposal 3a: Test all RF receiver test cases with 2Rx antenna ports regardless of the RF band. If RF band under test is a 4Rx band, connect any 2 of the 4Rx antenna port for these tests. 

Proposal 3b: Receiver test cases for which additional 4Rx requirements are specified, add new test case to test the 4Rx requirement.

Proposal 4a: Test all RRM test cases which do not have a 4Rx requirement with 2Rx connection

Proposal 4b: RRM test cases for which additional 4Rx requirements are specified, add new test points to test the 4Rx requirement.
Proposal 5: Add the ICS for 4Rx antenna port as following RED text in 38.508-2. Also UE vendor declaration table for 4Rx band support is needed.

Proposal 6: Update the applicability condition for 4Rx test cases taking into account the above logic.
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