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1 Introduction
In this contribution we consider the verification of the FP modes and the relation to the Rel-15 requirements. Firstly, we propose to resolve the Rel-15 power class ambiguities by introducing an additional power clas indication for two-layer transmissions. 

The relation between the FP mode and the Rel-15 requirements is important: if no FP mode is provided by the gNB then Rel-15 behaviour applies, and hence the relevant minimum requirements for UEs compliant with Rel-15. 
2 Rel-15 behavior and verification

2.1 General

The test configurations for Rel-15 should not be modified at this stage. Verification of the Rel-16 full-power mode with correlated signals on the TX connectors represent a mjor change of the specification.

As explained in [1], the currently validated conformance test systems validated for Rel-15 cover the single antenna port uplink configuration. Tests for UL MIMO are only now being considered by GCF. For the single antenna port tests, the UE vendor declares which of the uplink antenna ports will carry the signal.
The single-port requirements (SA or UL-MIMO fallback) are verified per antenna connector, e.g. the transmitter characteristics for the advertised power class should be met for at least one connector.

Related to the FP operation for Rel-16, one aspect is that “Rel-15 behaviour” applies if the gNB does not configure the UE with a FP mode in the PUSCH-Config, hence also the Rel-15 test configurations (unless these are modified in Rel-16).
2.2 Power class indication to avoid ambiguity

The power-class ambiguity for UE compliant with PC2 for dual-layer transmissions but implemented with two 23 dBm PAs can be resolved by
1. adding a one-bit capability to the per-band IE BandNR capability for two-layer transmissions per NR band (Rel-16)
PC-2Layer: pc2 (or more options/bits)
2. advertising PC3 in the NR-band capability ue-PowerClass, a power that can be met per antenna connector (see above) for all transmissions.
The new capability field would be part of a Rel-16 extension of the existing capability signaling; should a Rel-15 UE implemented as above provide the additional Rel-16 field, it might also be read by a gNB supporting Rel-16 signaling. This means that the gNB could be aware of an additional power capability for two-layer transmissions supported by the said “PC2” Rel-15 UE.
Proposal 1: resolve the Rel-15 power class ambiguity by adding a new power-class capability for two-layer transmissions per NR band (Rel-16 but could potentially also be used by Rel-15 UE).
This additional power-capability indication may also be useful for UEs supporting the FP modes.

2.3 Verification of UL-MIMO
The test configurations for UL-MIMO in the current Rel-15 version of 38.101 are ambiguous, but two-port configuration with dual-layer transmission is verified by summing up signals from two connectors. This should be feasible since the two signals at the connectors are uncorrelated.
In the proposed CRs [2] for Rel-15 and [3] for Rel-15, single-layer transmission with two-port configuration are added for TPMI = 0,1, i.e. antenna selection with one connector not transmitting.

For single-port transmission the maximum power per antenna connector must be according to the advertised power class (ue-PowerClass).
Unwanted emissions are captured by “radio law” and cannot be waived for any mode of operation; there is no choice. There are two common options for measurements of the unwanted emissions with multiple antenna connectors, and so we make the following proposal:

Proposal 2: unwanted emissions are either measured as the sum of the emissions from all antenna connectors or measured per antenna connector against a 3 dB tighter emissions requirement per connector (for two antenna connectors).
2.4 Transparent TxD in Rel-15

Single-port transmissions should be verified per antenna connector in Rel-15. Notwithstanding, it is not “forbidden” to implement transparent TxD, but the UE must meet requirements per connector according to its advertised power class. 
A UE advertising 26 dBm in the additional capability [PC-TwoLayer], 23 dBm in the ue-PowerClass and implemented with 23 dBm PAs could actually implement transparent TxD as long as the power capability per antenna connector is 23 dBm. But the transparent TxD as such would not be verified.
3 Verifying multiple TX-chains with non-coherent transmission
3.1 General

Thus far the discussion on FP has focused on what to test and what is allowed, not the changes required in the test configurations for verfiting the FP modes. The UE should be verified according to its supported FP modes. More than one mode may be supported by the UE, e.g a Mode 0 or Mode 2 UE may also support Mode 1.
FP mode operation includes antenna virtualization. For Rel-16 FR1 only two ports are considered, which means that the non-coherent transmission is assumed (one pair of transmitter connectors). Notwithstanding, coherent precoders are used for two-port configurations but without assuming that relative phase between Tx chains is maintained. This latter may impact single-port transmissions using virtualization when signals are combined, and has a major impact on performance verification. Moreover, transparent CDD could be used be used to avoid signal cancelation on correlated Tx chains, which also affects verification. 

3.2 Maximum output power
How to deal with phase differences for the maximum output pwer with correlated signals? Measure per RB and with full allocation? In the conformarmace test specification, the MOP performance is tested with various allocation to verify MPR. Any CDD used for avoiding signal cancellation would be transparent
3.3 Power dynamics

The power dynamics (absolute and relative power tolerance) present similar issues for correlated signals on the TX connectors, and phase balance between the connectors depends on the output power.
3.4 EVM 

EVM could be measured per connector like for a BS equipped with multiple connectors, but possibly with a narrowband allocation in case transparent CDD is used (also transparent to the test equipment).
3.5 Unwanted emissions

Unwanted emissions could be verified like for UL-MIMO Rel.15, verification per connector against a 3 dB tighter requirements is perhaps more straightforward.
4 Verification of Mode 0

For mode 0 the UE is configured with ul-FullPowerTransmission-r16 set to ‘fullpower’ in PUSCH-Config. Mode 0 delivers full power on any port, and so is generally assumed to include full-power PAs on all branches. 
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This is UL-MIMO PC2 architecture (23 + 23 dBm), except that when used for Mode 1 or 2 in addition to Mode 0, some implementations may add a transparent CDD to avoid signal cancellation when the Tx chains are virtualized to form an antenna port.  This is discussed further in Mode 1 below.
According to the WF [4]
· For Mode 0 UE (“the other mode”) with 2 ports configuration:

· RAN4 core requirement is defined based on all supported full power TPMIs, and it is up to RAN5 to select test configuration to perform test.

· For Mode 0 UE (“the other mode”) with 1 port configuration, no new ULFPTx MOP requirement is needed to be introduced in clause 6.2D.

· ULFPTx MOP requirement in this case can be guaranteed by MOP requirement for fallback DCI as captured in general requirement in clause 6.2
When configured with ul-FullPowerTransmission-r16:
For two-port transmissions this UE can be verified like UL-MIMO Rel-15, the UE shall meet the requirements according to the power class as indicated by ue-PowerClass for its full-power TPMI.
For single-port transmission, the UE is verified per connector as per clause 6.2, each TX-chain is endowed with a full-power PA.
When not configured with ul-FullPowerTransmission-r16:
The UE shall meet the requirements according to clause 6.2 (verified per antenna connector) 
5 Verification of Mode 1

Mode 1 achieves full power by antenna virtualization.
[image: image2.png]PUSCH,

PUSCH, f?—

23 dBm noncoherent UE

) 20 D)
\\? dBm \X/
SRS, 1
20 O
dBm \T)
1

SRS

N‘
Pia=E{] hyth,*Z"|%)

= [[hythy =1

n.  Total: 23 dBm




Only one SRS resource set is used, with the same number of SRS ports in all SRS resources. Full power is achieved by transmitting on either 2 layers (with TPMI = 0) or on a single layer by virtualization.  Note that if this UE architecture does not use virtualization, it can still reach full power for 2 layer transmission, since the 2 layers are transmitted without virtualization.  However, if the UE does not use virtualization for single layer transmission, it can transmit on only one of the two Tx chains, and so only half of the power according to its power class.
Precoders are used but without assuming that relative phase between Tx chains is maintained. This latter may impact single-port transmissions using virtualization when signals are combined. Transparent CDD could be used be used to avoid signal cancelation on correlated Tx chains. However, this may be not be sufficient for “narrowband” signals like some PUCCH formats.

According to the WF [4]
· For Mode 1 UE ULFPTx feature, the following applicability rule should be followed: 

· Mode 1 UE shall support TPMI [1 1] with full power transmission when Rel-16 ULFPTx Mode 1 is configured.
When configured with ul-FullPowerTransmission-r16:
For two-port configuration and two-layer transmissions this UE can be verified like UL-MIMO Rel-15 as described above, the UE shall meet the requirements according to the power class as indicated by ue-PowerClass for its full-power TPMI.

For two-port configuration and single-layer transmission, the full-power is verified by summing the output from the antenna connectors with account of correlated TX-chains as discussed above. The same for single-port configuration, i.e. PUSCH transmission with transparent TxD, the maximum power as indicated by ue-PowerClass. 
A UE indicating 26 dBm the additional capability [PC-TwoLayer], 23 dBm in the ue-PowerClass and implemented with 23 dBm PAs (‘Capability 2’) could be a Mode 1 with 26 dBm. 

When not configured with ul-FullPowerTransmission-r16:
Rel-15 behavior is a complication since the UE must meet the requirements according to its power class when measured per antenna connector. This means that a UE indicating in PC3 in ue-PowerClass (default) shall meet this per antenna connector, which means that the UE must be equipped with at least one 23 dBm PA. 

6 Mode 2

Mode 2 can attain full power via virtualization or use of a full-power PA. For 2 Tx UEs, full power can be indicated according to if SRI indicates single port transmission or when PUSCH is transmitted with a TPMI that can support full power. An SRS port can be formed from either multiple TX chains or from one full-power PA. Multiple SRS resources may be used, up to 4 different SRS resources can be configured with 1 or  2 ports for 2 Tx UEs.
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When configured with ul-FullPowerTransmission-r16:
The Mode 2 UE can be verified like for a Mode 1 capable.

A UE indicating 26 dBm the additional capability [PC-TwoLayer], 23 dBm in the ue-PowerClass and implemented with 23 dBm PAs (‘Capability 2’) could be a Mode 2 with 26 dBm. 

When not configured with ul-FullPowerTransmission-r16:
Rel-15 behavior is a complication for a Mode 2 uisng virtualization (‘Capability 2’) since the UE must meet the requirements according to its power class when measured per antenna connector. This means that a UE indicating in PC3 in ue-PowerClass (default) shall meet this per antenna connector, which means that the UE must be equipped with at least one 23 dBm PA. 
7 New power-class capability EN-DC
For SA operation the UE would indicate the following assuming support of PC3 in the legacy field:
· Mode 0: the ue-PowerClass set to PC3 for both single-port and two-port transmissions (unless otherwise indicated by ue-PowerClass-2Layer for two ports), i.e. also for fallback transmissions.

· Mode 1: the ue-PowerClass set to PC3 for both single-port and two-port transmissions, i.e. also for fallback transmissions.

· Mode 2: the ue-PowerClass set to PC3 for both single-port and two-port transmissions, i.e. also for fallback transmissions.

in accordance with its supported FP mode. 
For NSA operation (EN-DC) the support of FP modes may depend on the band combination, e.g. a UE implementing Mode 0 with PC3 capability for SA would also support PC3 for NSA operation as indicated in the legacy field but not necessarily with two-layer transmissions on the NR CG. If no FP mode is supported, then the gNB configures “Rel-15 behaviour” in the PUSCH-Config, which also apply for the NR CG in a band combination. It is therefore important that the legacy field ue-PowerClass indicates the minimum supported power capability for all transmissions regardless of UE configuration.
The indication of the full-power mode capabilities is still discussed: Per FS (Feature Set) or Per band or Per band per BC is FFS. We recall that for EN-DC, the gNB needs the capabilities for RAT types nr and eutra-nr and it uses the featureSets in the UE-NR-Capability together with the featureSetCombinations in the UE-MRDC-Capability to determine the NR UE capabilities for the supported MRDC band combinations. 
8 Proposal

We make the following proposals:
Proposal 1: resolve the Rel-15 power class ambiguity by adding a new power-class capability for two-layer transmissions per NR band (Rel-16 but could potentially also be used by Rel-15 UEs).
Proposal 2: unwanted emissions are either measured as the sum of the emissions from all antenna connectors or measured per antenna connector against a 3 dB tighter emissions requirement per connector (for two antenna connectors).
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