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1 Background

According to the way forward for the EN-DC power class in [1] the options in Table 1 are to be considered for EN-DC power class specification and indication in the EN-DC capability.
Table 1: options for EN-DC power class, MCG and SCG power classes
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C PC2 PC3 PC2
D PC3 PC2 PC3
E PC3 PC3 PC2
F PC2 PC2 PC2
G PC3 PC2 PC2
H PCX (>PC2) PC2 PC2

PC2 PC3 PC3




a) Max(PC(LTE), PC(NR)) = A, B, C, F

b) Sum(PC(LTE), PC(NR)) = H, I 

c) Signalling needed to distinguish between C and D and enable G
The agreed way forward for the EN-DC power class is [1]
· Power Class for FR1 EN-DC and NR CA mode need to be signaled as UE capability

· Power Class for FR1 EN-DC and NR CA is per band combination capability
In EN-DC, the MCG (eNB) is primarily responsibility for handling the UE capabilities (fetch them from CN and/or UE). The MN then forwards the UE capabilities to the SN if/when it decides to configure EN-DC. a common container for the EN-DC capabilities, i.e., those things that are only relevant if the two RATs are used in combination. Hence the power clases for LTE and NR will be known to the network when EN-DC is configured. Any change of the power capability of LTE/NR when EN-DC is configured would have to be indicated. But is an explicit EN-DC power class needed and of so: does it have to be indicated as a capability?
In this contribution we discuss the specification configured maximum power for EN-DC in FR1 and the need for indication of the EN-DC power class. We also discuss the handling of non-default power classes (HPUE) and provisions for facilitating SAR compliance for these.
The discussion on power levels in what follows is based on nominal values without account for tolerance (e.g. the upper limit for PC3 is +25 dBm including tolerance).
2 Total EN-DC power and different power classes
The upper limit of the combined EN-DC power (denoted Pcmax per UE or X_total) is due to the SAR limits and also specifies the upper power limit at which unwanted emissions requirements are met. 
Starting from UL CA for LTE, the Pcmax is specified as
The total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band, 


PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c·tProSe) , pPowerClass/pmprc], PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
The actual Pcmax configured by the UE can vary on a sub-frame basis but it always capped by the PPowerClass for UL. For the existing UL CA combinations, the nominal MOP is 23 dBm to facilitate SAR compliance.
For EN-DC the PCMAX is replaced by [image: image2.wmf]DC
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that can change on a slot basis and should be capped by the PPowerClass,EN_DC, the power class for the EN-DC combination. The PNR and PLTE sent in dedicated higher-layer signalling (in cell-group config IE) are semi-static and would cap the Pcmax,c configured for each CG. Hence, in the 38.101-3, the limits of the Pcmax,c for LTE as specified in 36.101 must be modified to read
PCMAX_L,c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c, P-MPRc), PLTE}


PCMAX_H,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass, PLTE}

and the corresponding limits for NR as specified in 38.101-1 must be modified to read
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c, P-MPRc), PNR }

PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass, PNR}

when the UE is configured for EN-DC. This would apply regardless if the UE supports dynamic power sharing (type 1) or not (type 2). The PPowerClass in the modified limits above is the respective power class of each of the two CG.
The total power should be upper limited by 
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≤ PTotal_H
where


PTotal_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass,EN-DC}
hence also capped by the sum of the cell-specific P-Max. The lower limit would essentially be limited by the sum of the lower limits of the two CGs capped by the PPowerClass,EN-DC for the power classes PPowerClass of the CGs can be higher (subject to duty-cycle limitations). The lower limit of [image: image4.wmf]DC

-

EN

Total

NR

LTE

ˆ

ˆ

ˆ

P

P

P

>

+

may depend on the UE power-sharing capability since the [image: image5.wmf]DC
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can change on a slot/sub-frame basis.
The PPowerClass,EN-DC must cater for different power classes of the CGs and must be such that the SAR limits can be met, which may necessitate duty-cycle restrictions on the CGs. The long-term average of the actual [image: image6.wmf]DC
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configured must be less than the nominal 23 dBm, averaging over at least a LTE/NR radio frame (10 ms) say. 
It is not obvious that the PPowerClass,EN-DC have to be indicated in the EN-DC capability element, it may possibly be derived from the PPowerClass of the CGs that are indicated in the UE capabilities of the MCG and SCG in case they are non-default power classes. Moreover, the eNB (MCG) must have enough information to configure the UE-specific PNR and PLTE as the relation
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govern the behavior for UEs not supporting power sharing (type 2) when power limited. 
3 Duty cycle and compliance with SAR for EN-DC

For LTE TDD HPUE there is a restriction
For a power class 2 capable UE operating on Band 41, when an IE P-max as defined in TS 36.331 [7] of 23 dBm or lower is indicated in the cell or if the uplink/downlink configuration is 0 or 6, the requirements for power class 2 are not applicable, and the corresponding requirements for a power class 3 UE shall apply.
that facilitates compliance with the SAR requirements: if not limited by the cell-specific P-Max, the UL duty cycle is restricted to TDD U/D configurations with less than 50% UL transmissions within a half-frame/frame. Similar duty cycle restrictions can be specified for NR SA and EN-DC though the latter case is more complicated. For FDD HPUE specific form factors are assumed.
For NR TDD HPUE a similar duty-cycle restriction for applicability of requirements (including Pcmax) can be introduced using a common TDD pattern that is concatenation of up to two TDD pattern TDD-UL-DL-ConfigCommon (in integer multiples of 20 ms). Each of the two TDD pattern can be configured with
· TDD periodicity (0.5 ms, 0.625 ms, 1 ms, 1.25 ms, 2 ms, 2.5 ms, 5 ms, 10 ms)

· Number of full DL slots in the beginning of TDD periodicity (0, 1, …)

· Number of DL symbols following the last full DL slot (0, 1, …, 13)

· Number of full UL slots at the end of the TDD periodicity (0, 1, …)

· Number of UL symbols preceding the first full UL slot (0, 1, …, 13)
These common patterns apply for all UEs in the cell. In addition, individual UEs can be configured with a dedicated pattern overwriting individual symbols of the common configuration. Applicability of the NR requirements would then be limited to cases in which the UL transmission duty cycle is less than 50% in the combined common and dedicated patterns.
Subject to a duty cycle restriction, an NR TDD HPUE the Pcmax,c with its upper limit (or the SCG in the EN-DC configuration)
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass}

could be endowed with a restriction (see 38.213) of the type
the UE shall be provided with the higher layer parameter UL-DL-configuration-common and possibly with the higher layer parameter UL-DL-configuration-common-Set2 for a second number of slots and possibly with the parameter UL-DL-configuration-dedicated overriding the flexible symbols per slot over the number of slots as provided by UL-DL-configuration-common or UL-DL-configuration-common-Set2 such that the total duration of uplink transmissions over any multiple of 20 ms periods is less than 50% of the duration of the said periods. 
for example. A similar restriction would have to be applied for the total power of the EN-DC configuration with its upper limit

PTotal_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass,EN-DC}
to facilitate SAR compliance in case the (nominal) PPowerClass,EN-DC exceeds 23 dBm; the case when at least one CG supports a power class PPowerClass higher than 23 dBm.
4 Necessary to indicate the EN-DC power class in UE capability?
Going back to Table 1, one issue is whether or not the PPowerClass,EN-DC needs to be indicated in the EN-DC capability, it might be possible for the eNB to derive it using the power classes of the CG, from now on denoted by PPowerClass,LTE and PPowerClass,NR. For EN-DC combinations with an FDD band, configuring an output power up to PPowerClass,LTE + PPowerClass,NR (linear scale), i.e. the “sum” options H and I in Table 1, does not appear feasible regardless of the duty cycle that would be assumed for the NR (TDD) band if the aim is to achieve a 23 dBm long-term average of the total UE power for SAR compliance. The FDD power is not supposed to be scaled by type 1 UEs, and duty-cycle restrictions on one of the CGs can not be utilized by type 2 UEs not supporting power sharing. Configuring the total power up to the maximum of PPowerClass,LTE and PPowerClass,NR  , i.e. the “max” options A, B, C and F in Table 1, would be possible also with one FDD CG on the other hand. Then the PPowerClass,EN-DC can be inferred from the power classes of the CGs that are indicated. Option G in Table 1, if applicable, may require indication of the PPowerClass,EN-DC, the PHR on each CG is based on the pcmax,c that in turn depends on the respective power classes PPowerClass,LTE and PPowerClass,NR.
Another issue is the configuration of the PNR and PLTE. For UEs without the power-sharing capability (type 2), the sum of the semi-static the PNR and PLTE should arguably be less than the required long-term average of the total UE power, at least if the CG is assigned in an FDD band:
PNR + PLTE ≤ 23 dBm
For a combination of bands with duty-cycle restrictions it may be possible to configure a sum PNR + PLTE exceeding 23 dBm. For Option G in Table 1, indication of the  PPowerClass,LTE may be necessary since PNR and PLTE cannot be inferred from the power classes PPowerClass,LTE and PPowerClass,NR.
Support of A-MPR for different power classes should not be a reason for capability indication: if the A-MPR specification is not completed for all applicable power classes of an operating band, then the network cannot assume any particular A-MPR if the UE nevertheless indicates support of a non-default power class with incomplete specification.

5 Specification in 38.101-3

The changes discussed above would look like follows in 38.101-3, in “pseudo-code”,
6.2B.3.4
Inter-band EN-DC including FR2

6.2B.4
Configured output power for EN-DC

6.2B.4.1
[Configured output power level]

<Editor’s note: The title of 6.2B.4.1 to be updated by later RAN4 decision>

6.2B.4.1.1
Intra-band contiguous EN-DC

< equations for Pcmax >
For UEs supporting EN-DC the configured output power Pcmax,c on the MCG are given by Clause 6.2.4 of [36.101] with the upper and lower limits replaced by

PCMAX_L,c = MIN {PEMAX,c – TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c, P-MPRc), PLTE}


PCMAX_H,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass, PLTE}
[description of the notions]
< the equations for intra-band contiguous EN-DC may have to be based on the intra-band contiguous UL CA even though there is only one CC per CG >
For UEs supporting EN-DC the configured output power Pcmax,c,f  on the SCG are given by Clause 6.2.4 of [38.101-1] with the upper and lower limits replaced by
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MPRc + A-MPRc+ ΔTIB,c + ∆TC,c, P-MPRc), PNR }

PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass, PNR}
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can be configured within the limits 
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where


PTotal_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass,EN-DC}
etc.

For UEs supporting a non-default power class on the MCG or the SCG, the UE shall be provided with the higher layer parameter UL-DL-configuration-common and possibly with the higher layer parameter UL-DL-configuration-common-Set2 for a second number of slots and possibly with the parameter UL-DL-configuration-dedicated overriding the flexible symbols per slot over the number of slots as provided by UL-DL-configuration-common or UL-DL-configuration-common-Set2 such that the total duration of uplink transmissions over any multiple of 20 ms periods is less than TBD % of the duration of the said periods. 

6.2B.4.1.2
Intra-band non-contiguous EN-DC

< equations for Pcmax >

 [Similar to 6.2B.4.1.1 but with Pcmax per CG used from the corresponding intra-band non-contiguous equations]
6.2B.4.1.3
Inter-band EN-DC within FR1

< equations for Pcmax >

6.2B.4.1.4
Inter-band EN-DC including FR2

< equations for Pcmax >

6.2B.4.2
ΔTIB,c for EN-DC

6 Conclusions

We conclude that for an EN-DC configuration

· the EN-DC power class should be specified and could be the maximum of the power classes supported by the CG
· the EN-DC power class may have to be indicated in case it cannot be inferred from power classes supported by the CG (that are indicated)
In general (also for NR SA), we note that

· for NR TDD HPUE a similar duty-cycle restriction for applicability of requirements (including Pcmax) can be introduced using a common TDD pattern that is concatenation of up to two TDD pattern TDD-UL-DL-ConfigCommon (in integer multiples of 20 ms) and use of the UL-DL-configuration-dedicated such that the UL duty cycle is limited

in order to facilitate complaice with SAR requirements.
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