TSG-RAN Working Group 4 (Radio) meeting #94-e
  R4-2001322
Electronic meeting, 24 February – 6 March 2020


Source:
Ericsson
Title:
Verification of FP transmission and power-class indication for full power with two layers
Agenda item:
8.11.1.2
Document for:
Approval
1 Introduction
The following WF was agreed by RAN4#93 [1]:
· Test configurations introduced based on supported mode

· Current assumption is UE can only support one mode. This could also be updated based on RAN1 progress
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· At least introduce MOP requirements for Full Tx Power feature in Rel-16 eMIMO.

· Study whether other cases, such as emission requirements should be verified or not.

In this contribution, we discuss testability and propose that fallback (single port) and unwanted emissions are verified. Unwanted emissions are captured by “radio law” and cannot be waived for any mode of operation. We also discuss the need for an additional power-class indication for devices that can attain a higher power class (than the advertised) for two-layer transmissions.
First we consider the different modes of operations.
Rel-15
A Rel-15 PC3 device can transmit 23 dBm for two layers, but reduce to 20 dBm for single layer for devices that cannot control the phase (non-coherent). These devices shall transmit according to the indicated power class (PC3) in fallback (one port). Exceptions are disussed for a 23 + 23 dBm UE when transmitting two layers [2].
Mode 0 (“the other mode”)
For mode 0 the UE is configured with ULFPTx in PUSCH-Config is provided but without mode. Mode 0 includes full-power PAs on all branches. 
[image: image2.emf]S

23 

dBm

SRS

1

PUSCH

1

S

23 

dBm

SRS

0

PUSCH

0

h

1

h

2

X

0

X

1

23 dBm non-coherent UE

23 dBm


This is UL-MIMO PC2 architecture (23 + 23 dBm), except that 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.
Mode 1

Mode 1 achieves full power by antenna virtualization
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Only one SRS set used, with the same number of SRS ports in all SRS resources. Full power is achieved by transmitting on either 2 layers (with TPMI = 2) or on a single layer by virtualization.  Note that if this UE 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.

Observation 1: output power performance according to the power class important for single-port transmissions. Different PA architectures and virtualization strategies may or may not achieve full power for single layer transmission. 
This also concerns PUCCH transmission.
Mode 2

Mode 2 can attain full power via virtualization or use of a full-power PA, full power TPMI can be indicated. 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, 2, or 4 ports
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2 Prerequisties and open problems for ULFPTx verification
Prerequisites for the test configurations for verifying the that
1. the tests must be performed using antenna connectors or combinations thereof, required for conducted testing. This must be clearly specified in the RAN4 specifications
2. the mapping from antenna connectors to antenna ports (SRS ports) an issue for conformance specifications, e.g. declaration of number of TX antenna connectors.
An example fo a MOP test connection (informative) for UL-MIMO with two TX antenna connectors is shown in Annex A.

Regarding the way forward in [1] we immediately make the following 
Proposal 1: unwanted emissions must be verified for all modes of ULFPTx

since these involve regulatory requirements.
The MOP performance for single-port transmission, particularly in architectures with 20 dBm PAs and without any phase maintenance, should be ensured and verified.
Proposal 2: Fall-back (DCI 0_0) should be tested for all modes, e.g. a UE advertising PC2 should be able to transmit according to PC2 also for single-port transmission. 
Proposal 3: the UE shall comply with requirements according to its power-class capability (ue-PowerClass) in fall-back regardless of FP mode.

PUCCH transmission is single-port transmission and has to be virtualized for Mode 1 (or Mode 2 without full-power TX branch).
The single-port requirements for ULFPTx could be stated in Clause 6.1 of 38.101-1, i.e. the specification of the power class. Hence this clause would also cover “transparent TxD”. The requirements in the core specification should cover all possible TPMI, the conformance test scope may be reduced.
The antennas virtualization poses particular problems: 

1. combining of transmissions from multiple antenna connectors without phase maintenance

2. EVM measurements with transparent CDD if used.
We note that for the BS equipped with antenna connectors, the EVM is measured per antenna connector. EVM could possibly be measured per connector in a narrow bandwidth. 
3 Power-class indication for PC2 with UL-MIMO and the ULFPTx modes
An additional power-class indication for Rel-16 UEs only complying with the higher power class for two layers, but not in fallback (single port), should be considered. This was proposed for Rel-15 in [3] but alas, too late in that release.
Additional power-class indication for two layers would be relevant  

· when ULFPTx in PUSCH-Config is not provided (i.e. Rel-15 case with 23 + 23 dBm architecture)
· for Mode 0 if this produces 26 dBm for two layers but only 23 dBm in fallback

It would not be relevant for Mode 1 and Mode 2 if this contains a full power PA (full power TPMI).
The existing indication ue-PowerClass should indicate the maximum power that can be attained for any type of transmission in a band, i.e. also for single-port transmissions like PUCCH.
The current power-class capability indication (Rel-15) is as follows:
For SA operation the UE can indicate power-class capability in two fields. In the band list of the IE UE-NR-Capability
UE-NR-Capability -> RF-Parameters -> supportedBandListNR -> ue-PowerClass: ENUMERATED {pc1, pc2, pc3, pc4}

	ue-PowerClass
For FR1, if the UE supports the different UE power class than the default UE power class as defined in clause 6.2 of TS 38.101-1 [2], the UE shall report the supported UE power class in this field. For FR2, UE shall report the supported UE power class as defined in clause 6 and 7 of TS 38.101-2 [3] in this field.


This is the upper bound for any transmission on any serving cell in the band. 

Then, if the UE has several serving cells in the band or also serving cells in other bands, the total power is restricted by the UEs overall power class. The latter is “pc3” by default. The UE may override it per band combination:

UE-NR-Capability -> RF-Parameters -> supportedBandCombinationList -> powerClass-v1530: ENUMERATED {pc2}

	powerClass
Power class that the UE supports when operating according to this band combination. If the field is absent, the UE supports the 
default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band 
combination (ue-PowerClass in BandNR), the latter determines maximum TX power available in each band. The UE sets the new 
power class parameter only in band combinations with two FR1 uplink serving cells. 


The most straightforward solution for two-layer transmissions is to add a one-bit capability to the per-band IE (BandNR)

ue-PowerClass-2Layer: pc2

A UE only supporting PC2 when configured with dual layer would have to set this to one to pc2 but the regular ue-PowerClass to the default (pc3). 

Proposal 4: consider adding a new power-class capability for two-layer transmissions per NR band (Rel-16).
Using the new capability element, it is possible to resolve the issue with suclause 6.2D.1 of 38.101-1 and clarify the capability for one-layer transmission (a UE indicating PC2 by ue-PowerClass-2Layer but not the regular is expected to meet PC3 requirements when configured for one layer). This would also be consistent with the proposal for Rel-15 in [2].
4 Proposal

We make the following

Observation 1: output power performance according to the power class important for single-port transmissions. Different PA architectures and virtualization strategies may or may not achieve full power for single layer transmission. 

Proposal 1: unwanted emissions must be verified for all modes of ULFPTx

Proposal 2: Fall-back (DCI 0_0) should be tested for all modes, e.g. a UE advertising PC2 should be able to transmit according to PC2 also for single-port transmission. 
Proposal 3: the UE shall comply with requirements according to its power-class capability (ue-PowerClass) in fall-back regardless of FP mode.

Proposal 4: consider adding a new power-class capability for two-layer transmissions per NR band (Rel-16).
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Annex A
The MOP test connection for two TX antenna ports (UL-MIMO) is shown below, taken from 36.508. Note that is connection diagram is informative.
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Figure A.28: Connection for basic UL MIMO with receive diversity
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