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Introduction
In Rel-17 RAN4 specification, RF requirements are specified for a few UE features including single carrier, UL-MIMO, ULFPTx and Tx Diversity. The requirements are introduced in sections with different suffixes in TS 38.101-1 as shown below, where section with suffix D includes requirements for both UL-MIMO and ULFPTx.
Table 4.3-1: Definition of suffixes
	Clause suffix
	Variant

	None
	Single Carrier

	D
	UL MIMO

	G
	Tx Diversity (TxD)



There are some inter-dependency or mutual exclusion across the features. This document aims to provide the whole picture of how to map UE’s capability to applicable test cases and core requirements.
For simplification, clauses with none suffix, suffix D and suffix G are called 6.x, 6.xD and 6.xG respectively in this document.
Discussion
Brief description of the features
The requirements in 6.x is for single carrier. Although not explicitly stated, it’s assumed that UE could meet the requirements with single antenna connector, i.e. without Tx Diversity capability. The PUSCH transmission uses 1-layer and 1 antenna port scheme.
On the other hand, the TxD requirements in 6.xG is for UEs supporting txDiversity-r16. UE is expected to achieve the maximum output power using two antenna connectors simultaneously. The PUSCH transmission also uses 1-layer and 1 antenna port scheme.
For the UL-MIMO requirements in 6.xD, UE is expected to transmit with both antenna connectors by configured with 2-layer PUSCH codebook [0 1; 1 0]. UE’s transmit power is equivalently distributed on each antenna according to clause 7.1 of TS 38.213.
If UE supports Rel-16 UL full power transmission feature (ULFPTx) UE is expected to achieve the maximum output power with PUSCH codebook of 1-layer, 2 antenna ports. If UE reports the capability of ul-FullPwrMode1-r16, UE could achieve maximum output power only when both antenna ports are transmitting, therefore codebook [1 1] should be configured; if UE reports the capability of ul-FullPwrMode2-r16, the UE could achieve maximum output power with one of the two antenna ports, therefore [1 0] or [0 1] should be configured according to UE’s capability; if UE reports the capability of ul-FullPwrMode-r16, the UE could achieve maximum output power with either one of the two antenna ports, therefore either [1 0] or [0 1] could be configured. It worth note that antenna port is not equivalent to antenna connector, therefor UE’s implementation is not limited.
Below tables summarizes the applicability of the features.
	
	Applicability
	Core requirements in 38.101-1 and Test cases in 38.521-1
	Applicable power class
	Transmission codebook

	Single antenna port
	Rel-15 and forward UEs not supporting TxD
(txDiversity-r16 = Not present)
	6.x
	PC3, PC2, PC1
	1-layer, 1 antenna port

	TxD
	Rel-15 and forward UEs supporting TxD
(txDiversity-r16 = supported)
	6.xG
	PC3, PC2, PC1.5
	1-layer, 1 antenna port

	UL-MIMO
	[bookmark: _Hlk117029157]Rel-15 and forward UEs supporting 2-layer codebook based UL-MIMO
(maxNumberMIMO-LayersCB-PUSCH=twolayers or fourlayers)
	6.xD
	PC3, PC2, PC1.5
	2-layer, [1 0;0 1] codebook

	ULFPTx
	Rel-15 and forward UEs supporting ULFPTx and 1-layer codebook based UL-MIMO
(ul-FullPwrMode1-r16 or ul-FullPwrMode2-TPMIGroup-r16 or ul-FullPwrMode-r16 = supported)
	6.xD
	PC3, PC2, PC1.5
	ul-FullPwrMode1-r16= supported
	1-layer, 2 antenna ports codebook
 [1 1]

	
	
	
	
	ul-FullPwrMode2-TPMIGroup-r16 is supported
	1-layer, 2 antenna ports codebooks
[1 0] or [0 1] according to UE’s capability

	
	
	
	
	ul-FullPwrMode-r16= supported
	1-layer, 2 antenna ports codebooks
[1 0] or [0 1]



Proposal 1: For 6.x test cases, the applicability is updated to:
The requirements of this test apply to all types of NR Power Class 1 UE release 15 and forward in NR Band n14.
The requirements of this test apply to all types of NR Power Class 23 and Power Class 32 UE release 15 and forward that don’t reportsupport txDiversity-r16.

For applicability of TxD test cases, some additional consideration for Power Class 1.5 are needed.
The Power Class 1.5 with 29dBm MOP was introduced to 38.101-1 16.5.0 since September 2020. Due to the state-of-art PA available in the market, the only feasible architecture is 26dBm+26dBm to achieve 29dBm power class, i.e. transparent diversity (TxD) has to be implemented.
However at that time there was no specific RAN4 RF requirements for TxD. After long discussion in RAN4 under Rel-17 TxD WI, the TxD requirement was introduced to Rel-17 TS 38.101-1 firstly in September 2020, and finally stabilized by March 2022. The UE capability txDiversity-r16 was introduced to TS 38.331 v16.7.0 by December 2021.
Looking at the discussion history, we can see two gaps here. 
-	Firstly, the definition of PC1.5 is earlier than introduction of TxD UE capability, which might lead to UEs implementing PC1.5 without implementing TxD capability
-	Secondly, in Rel-16 only PC 1.5 is introduced but no TxD specific requirements are specified.
RAN4 has also identified the gap here and after further discussion, they agreed that
-	PC1.5 UE always achieves MOP by TxD (no matter UE reports TxD or not) in Rel-17. For Rel-18 and forward, PC1.5 UE needs to report TxD capability so that the TxD requirements could apply.
-	Rel-17 TxD requirements could be release independent since Rel-15
[bookmark: _GoBack]With above background in mind, for RAN5 test case applicability, we need to take care of PC1.5 UEs reporting and not reporting TxD capability .
Proposal 2: For 6.xG TxD test cases, the applicability is updated to:
The requirements of this test apply to all types of NR Power Class 1.5, Power Class 23 and Power Class 32 UE release 15 and forward that reportsupport txDiversity-r16.
The requirements of this test also apply to all types of NR Power Class 1.5 UE release 15 to release 17and forward that don’t report txDiversity-r16..
Proposal 3: For 6.xD test cases, the applicability is updated to:
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support 2-layer codebook based UL MIMO.
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 16 and forward that support UL full power transmission (ULFPTx).
Tx requirements
Most of the RF requirements are identical for all the features discussed in this document, but still a few RF characteristics depends on UE’s capability, among them are MOP, MPR,
MOP requirements
The MOP requirements are specified in Table 6.2.1-1 for single carrier (without TxD). The power is measured on single antenna connector.
For UEs supporting TxD, the requirements are captured in 6.2G.1 and also referring to Table 6.2.1-1. The power is measured as the sum of both antenna connectors.
The MOP requirements for UL-MIMO and ULFPTx are specified in Table 6.2D.1-1. For UL-MIMO, the transmit power is equally split between the antenna connectors, and the power is measured as the sum of both antenna connectors.
For ULFPTx the measurement method needs more consideration. The requirements in 6.2D.1 is copied below.
For UE support uplink full power transmission (ULFPTx) for UL MIMO, the maximum output power requirements specified in Table 6.2D.1-1 shall be met with the PUSCH configurations specified in Table 6.2D.1-3, based upon UE’s support of uplink full power transmission mode. 
Table 6.2D.1-3: PUSCH Configuration for uplink full power transmission (ULFPTx)
ULFPTx Mode
Transmission scheme
DCI format 
Modulation
Number of layers
Number of Tx Port
TPMI index
Mode-1
Codebook based uplink
DCI format 0_1
DFT-s-OFDM, CP-OFDM NOTE3
1
2
2
Mode-2
Codebook based uplink
DCI format 0_1
DFT-s-OFDM, CP-OFDM
1
2
0 or 1NOTE2
Mode-full power
Codebook based uplink
DCI format 0_1
DFT-s-OFDM, CP-OFDM
1
2
0,1
NOTE 1:	The UE is configured with one SRS resource with the parameter nrofSRS-Ports set to 2.
NOTE 2:	TPMI index selected shall be based upon the full power TPMI reported by the UE [8, TS 38.213].
NOTE 3:	For PUSCH configured with ULFPTxModes set to Mode-1, all the transmitter requirement for CP-OFDM based modulation is not needed to be verified if the requirement for UL MIMO has been validated.

If the UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2 apply for at least one antenna connector for the power class as indicated by the ue-PowerClass field in capability signalling with the following exception: for UEs indicating txDiversity-r16, the requirements in clause 6.2G for the power class indicated by the ue-PowerClass. 
A UE indicating the feature ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16 for a band shall meet the requirement in clause 6.2 for at least one antenna connector when scheduled for single antenna-port transmission by DCI format 0_0 or by DCI format 0_1 for codebook-based transmission on a single antenna port.

From above abstraction, some observation could be made:
Observation 1: For UE supporting ULFPTx, when the PUSCH is configured as 2 antenna port with TPMI 0, 1 or 2, the requirement in Table 6.2D.1-3 needs to be met.
Observation 2: For UE supporting UL-MIMO, when PUSCH is configured as single antenna port, the requirement in clause 6.2 needs to be met on at least one antenna connector.
Observation 3: For UE supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16, when PUSCH is configured as single antenna port, the requirement in clause 6.2 needs to be met on at least one antenna connector.
The question is whether Observation 3 also applies to Observation 1. With Observation 1, for UE supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16, the requirements in Table 6.2D.1-3 is verified with the codebook [0 1] or [1 0]. There are different opinions on whether this equals to ‘single antenna port’. 
Opinion from one side is the codebook is [1 0] or [0 1], where only one antenna port is actually used. Therefore the Observation 3 should also apply in this case, and the power measurement needs to be done on single antenna connector.
Opinion from another side is single antenna port refers to codebook=1 according to TS 38.213, so codebooks [1 0] or [0 1] are not equal to single antenna port. In addition, there is no fixed mapping between antenna port and antenna connector in any specification. UE might map two antenna connectors to single antenna port. Therefore for Observation 1, the power measurement could be done as sum of both antennas.
Proposal 4: RAN5 to decide on one of following options:
Option 4a) For UE supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16, requirements in Table 6.2D.1-3 is measured on at least one antenna connector.
Option 4b) For UE supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16, requirements in Table 6.2D.1-3 is measured as sum of both antenna connectors.
3GPP
MPR requirements
The MPR requirements are specified in clause 6.2.2, 6.2D.2 and 6.2G.2 respectively. Below table summarizes applicable requirements for UEs with different capabilities.
	
	Single antenna port
	TxD
	UL-MIMO
	ULFPTx

	
	
	
	
	[bookmark: _Hlk117035960]ul-FullPwrMode1-TPMIGroup-r1
	[bookmark: _Hlk117036392]ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16

	Transmission codebook
	1-layer, 1 antenna port
	1-layer, 1 antenna port
	2-layer, [1 0;0 1] codebook
	1-layer, 2 antenna ports codebooks
[1 0], [0 1] or [1 1]

	PC3
	Table 6.2.2-1
	Table 6.2.2-1
(Ref. 6.2G.2)
	Table 6.2.2-1
(Ref. 6.2D.2)
	Table 6.2.2-1
(Ref. 6.2D.2)
	Table 6.2.2-1
(Ref. 6.2D.2)

	PC2
	Table 6.2.2-2
	Table 6.2D.2-1
(Ref. 6.2G.2)
	Not supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16
	Supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16
	TxD is indicated
	TxD is not indicated
	-

	
	
	
	Table 6.2D.2-1
(Ref. 6.2D.2)
	Table 6.2.2-2
(Ref. 6.2D.2)
	Table 6.2D.2-1
(Ref. 6.2D.2)
	Table 6.2.2-2
(Ref. 6.2D.2)
	Table 6.2.2-2
(Ref. 6.2D.2)

	PC1.5
	N/A
	No fall back:
Table 6.2D.2-2 and Table 6.2D.2-3
(Ref. 6.2G.2)

Fallback to PC2:
Table 6.2.2-2
(Ref. 6.2G.2)
	Table 6.2D.2-2 and Table 6.2D.2-3
(Ref. 6.2D.2)
	No fall back:
Table 6.2D.2-2 and Table 6.2D.2-3
(Ref. 6.2D.2)

Fallback to PC2:
Table 6.2.2-2
(Ref. 6.2D.2)
	N/A

	PC1
	Table 6.2.2-5
	N/A
	N/A
	N/A

	Note 1:	ul-FullPwrMode1-TPMIGroup-r16 means UE could reach the maximum output power with 2 Tx antenna ports simultaneously.
Note 2:	ul-FullPwrMode2-TPMIGroup-r16 means UE could reach the maximum output power with selected one of the 2 Tx antenna ports.
Note 3:	ul-FullPwrMode-r16 means UE could reach the maximum output power with either one of the 2 Tx antenna ports.




A-MPR requirements
For UEs with any capability, the A-MPR requirements are specified in 6.2.3. However, the UEs’ expected power ranges are still different since the power class and MPR requirement vary based on the UE’s capability. This needs to be reflected in the test cases.
Configured output power
The configured output power for UEs are different mainly from two aspects: the MPR and A-MPR are different based on UE’s capability; the tolerance T(Pcmax) is specified differently in 6.2.4-1, 6.2D.4-1 and 6.2G.4-1 respectively.
 EVM requirements
The EVM requirements are the same for single carrier (without TxD), UL-MIMO and ULFPTx except for the requirements apply to each antenna connector for UL-MIMO and ULFPTx.
For UE supporting TxD, the EVM is specified as a weighted summation of the measurement on each antenna connector.

Remaining Tx requirements
For the remaining Tx test cases, the requirements are the same for UEs with any capability. For UL-MIMO, ULFPTx and Txd, the requirements apply to each antenna connector or sum of both antenna connectors depending on the specific test case.
Other related issues
Fall back of high power UEs
At RAN5#96, the handling of high power UE was discussed and proposals in R5-201181 were endorsed. It was agreed that the power fall back of PC2 UE would be verified in MOP, MPR and ACLR. The similar principle could be followed for PC1.5 and PC1 UEs.
According to TS 38.101-1, the requirements in 6.2.2 apply if PC1.5 UE fall backs to PC2. This needs to be reflected in relevant test cases.
Conclusion
In this contribution we discussed how to coordinate the testing of Single Carrier, UL-MIMO and TxD requirements. According to the analysis, we have the following observation and proposal:
Proposal 1: For 6.x test cases, the applicability is updated to:
The requirements of this test apply to all types of NR Power Class 1 UE release 15 and forward in NR Band n14.
The requirements of this test apply to all types of NR Power Class 3 and Power Class 2 UE release 15 and forward that don’t support txDiversity-r16.
Proposal 2: For 6.xG TxD test cases, the applicability is updated to:
The requirements of this test apply to all types of NR Power Class 3 and Power Class 2 UE release 15 and forward that support txDiversity-r16.
The requirements of this test apply to all types of NR Power Class 1.5 UE release 15 and forward.
Proposal 3: For 6.xD test cases, the applicability is updated to:
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 15 and forward that support 2-layer codebook based UL MIMO.
This test case applies to all types of NR Power Class 1.5, Power Class 2 and Power Class 3 UE release 16 and forward that support UL full power transmission (ULFPTx).
Observation 1: For UE supporting ULFPTx, when the PUSCH is configured as 2 antenna port with TPMI 0, 1 or 2, the requirement in Table 6.2D.1-3 needs to be met.
Observation 2: For UE supporting UL-MIMO, when PUSCH is configured as single antenna port, the requirement in clause 6.2 needs to be met on at least one antenna connector.
Observation 3: For UE supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16, when PUSCH is configured as single antenna port, the requirement in clause 6.2 needs to be met on at least one antenna connector.
Proposal 4: RAN5 to decide on one of following options:
Option 4a) For UE supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16, requirements in Table 6.2D.1-3 is measured on at least one antenna connector.
Option 4b) For UE supporting ul-FullPwrMode-r16 or ul-FullPwrMode2-TPMIGroup-r16, requirements in Table 6.2D.1-3 is measured as sum of both antenna connectors.
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