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1 Background
In the RAN4#92 discussions on the power-class indication for EN-DC it was argued that it is not possible to indicate capability of NR PC2 operation when the UE is configured for EN-DC since the NR capability as indicated in UE-NR-Capability is conditioned on operations with dual layer configured (UL-MIMO) that can be implemented with two PC3 branches. However, PC2 operation with one branch is also supported for SA in Rel-15. This was discussed already at RAN#90, in a RAN4 reply to a RAN1 LS on on new UE capability for Full TX power UL transmission RAN4 clarified that [1]:

RAN4 thanks RAN1 for the LS on new UE capability for Full TX power UL transmission. RAN4 would like to provide the following RAN4 information.

In Rel-15, for power class 2 UE PA configurations for UL-MIMO, RAN4 had the following two approved WFs [R4-1803259] and [R4-1816615], and the key relating parts are listed below respectively:

“Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15”


“Clarify in the Rel-15 specification on ambiguous requirements for UE supporting UL MIMO
· Maximum output power 
· Clarity in the spec that if PC2 UE is configured for transmission on single-antenna port, the requirements of the same power class in subclause 6.2.1 apply for the UE.
· How to configure for transmission on single-antenna port is up to UE implementation”
However, current RAN4 requirements does not preclude any UE implementation.

RAN4 had no discussion and specification for 4 port Tx for NR.

While there was no RAN4 agreement on the NR power-class indication for EN-DC, it turns out that for SA operation it is not possible to distinguish between a UE only capable of PC2 with 2TX operation and a UE capabile of PC2 with both 1TX and 2TX. 
Besides the said capability indication in 38.331, further clarification may be needed in 38.101-1. PC2 is supported in several TDD bands, from 38.101-1,
6.2.1
UE maximum output power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth of NR carrier unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.1-1: UE Power Class

	NR

band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n1
	
	
	
	
	23
	±2

	[…]
	
	
	
	
	
	

	n41
	
	
	26
	+2/-33
	23
	±23

	n48
	
	
	
	
	23
	+2/-3

	[...]
	
	
	
	
	
	

	n77
	
	
	26
	+2/-3
	23
	+2/-3

	n78
	
	
	26
	+2/-3
	23
	+2/-3

	n79
	
	
	26
	+2/-3
	23
	+2/-3

	[...]
	
	
	
	
	
	

	NOTE 1:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 2:
Power class 3 is default power class unless otherwise stated

NOTE 3:
Refers to the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB


For UL-MIMO the PC2 capability is verified only for dual layer (2TX) in order to allow PC2 implementation with two 23 dBm branches:
6.2D
Transmitter power for UL MIMO
6.2D.1
UE maximum output power for UL MIMO
For power class 2 UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2D.1-1. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms).
The requirements shall be met with the UL MIMO configurations of using 2-layer UL MIMO transmission with codebook of[image: image1.wmf]ú
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. DCI Format for UE configured in PUSCH transmission mode for uplink single-user MIMO shall be used.

Table 6.2D.1-1: UE Power Class for UL MIMO in closed loop spatial multiplexing scheme

	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n41
	
	
	26
	+2/-31
	23
	+2/-31
	
	

	n77
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n78
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n79
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	NOTE 1:
The transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 2:
Power class 3 is the default power class unless otherwise stated


Table 6.2D.1-2: UL MIMO configuration in closed-loop spatial multiplexing scheme

	Transmission scheme
	DCI format
	Codebook Index

	 Codebook based uplink
	DCI format 0_1
	Codebook index 0


If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.
The uplink power is measured as the sum of the two ports, hence if any one of the single-layer precoders are used, then no requirement applies. For E-UTRA it is recalled that the sentence

If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.
referred to the case in which UL-MIMO is not configured (although a single layer can be transmitted over a single antenna). Does a 23 dBm or 26 dBm requirement apply for single-layer transmission? A UE supporting 26 dBm according to Table 6.2.1-1 above can do the latter, but this cannot be advertised in the capability. Network behaviour is therefore unpredictable for UL-MIMO operation and dependent on the UE implementation.
2 Power-class capability indication 
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 should be 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 number of layers supported for UL-MIMO is indicated in the IE FeatureSetDownlinkPerCC but is not linked to any power capability:
FeatureSetUplinkPerCC information element

-- ASN1START

-- TAG-FEATURESETUPLINKPERCC-START

FeatureSetUplinkPerCC ::=               SEQUENCE {

    supportedSubcarrierSpacingUL            SubcarrierSpacing,

    supportedBandwidthUL                    SupportedBandwidth,

    channelBW-90mhz                         ENUMERATED {supported}                      OPTIONAL,

    mimo-CB-PUSCH                           SEQUENCE {

        maxNumberMIMO-LayersCB-PUSCH            MIMO-LayersUL                           OPTIONAL,

        maxNumberSRS-ResourcePerSet             INTEGER (1..2)

    }                                                                                   OPTIONAL,

    maxNumberMIMO-LayersNonCB-PUSCH         MIMO-LayersUL                               OPTIONAL,

    supportedModulationOrderUL              ModulationOrder                             OPTIONAL

}

FeatureSetUplinkPerCC-v1540 ::=       SEQUENCE {

    mimo-NonCB-PUSCH                      SEQUENCE {

        maxNumberSRS-ResourcePerSet           INTEGER (1..4),

        maxNumberSimultaneousSRS-ResourceTx   INTEGER (1..4)

    } OPTIONAL

}

-- TAG-FEATURESETUPLINKPERCC-STOP

-- ASN1STOP

Hence a UE supporting PC2 when configured with MIMO could indicate

· two layers in the FeatureSetUplinkPerCC 
and set the power class ue-PowerClass to PC2. However, the power capability when only one layer is configured is unclear, the said UE can not indicate that it also supports PC2 with one 1TX (UL-MIMO not configured) or configured with one layer transmission.
3 Possible modifications of the of capability indication
The most straightforward solution is perhaps 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). 
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).
4 Proposal
For SA operation, it is not possible to distinguish between a UE only capable of PC2 with 2TX operation and a UE capabile of PC2 with both 1TX and 2TX. This could be resolved by introducing a new capability element ue-PowerClass-2Layer in the per-band capability of the UE-NR-Capability IE. We propose to liaise with RAN2 on this matter.
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