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1 Background
The last RAN4 agreed the following WF [1] for UE power class 2 NR inter-band CA and SUL configurations, the following options were listed

· Duty cycle based solutions

· Option 1: Report one total UL duty cycle capability 

· Option 2: Report the duty cycle capabilities per band

· UE implementation based solution, i.e. P-MPR

· Other options are not precluded and will be continually discussed in next meeting

In this contribution we assess the duty-cycle and and PMPR solutions and propose an alternative option similar – but not identical – to the “blind scheme” now allowing fast adaption to changing radio conditions.

Another complication that need consideration is the power prioritization reductions specified  in 38.213, SCells may be dropped when the UE is power limited. This would apply in addition to any additional power call fall-back scheme for e.g. duty-cycle reporting,
7.5
Prioritizations for transmission power reductions

For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: image1.wmf]i
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 as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: image6.wmf])

(

ˆ

CMAX

i

P

 for that frequency range in every symbol of transmission occasion [image: image7.wmf]i

. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion [image: image8.wmf]i

, the UE does not include power for transmissions starting after the symbol of transmission occasion [image: image9.wmf]i

. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 

-
PRACH transmission on the Pcell

-
PUCCH or PUSCH transmissions with higher priority index according to Clause 9 

-
For PUCCH or PUSCH transmissions with same priority index 

-
PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information

-
PUCCH transmission with CSI or PUSCH transmission with CSI

-
PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell

-
SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 

In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.

This would also apply for SUL band combinations (in case the total configured power would be limited).
For what follows we assume that the main objective is keeping the average output power less than or equal to about 23 dBm, both for facilitating SAR compliance and UE heat management. It is recognised that many UEs indicating PC3 capability typically exeeed the nominal 23 dBm.
2 Duty cycle reporting not viable
Duty-cycle reporting was specified as an optional feature for EN-DC FDD-TDD PC2 (also specified for TDD-TDD combinations but not optional). Notwithstanding, from a network perspective, the duty cycle reporting is not viable for 

· the ‘actual’ UE output power also determines the total average output power; the network has limited information about the UE output power on a radio-frame time scale, PHRs are not that frequent and its accuracy limited

· the measurement of the ‘actual’ dc is ambiguous in the time domain; ”certain evaluation period” has been used for TDD, but is unknown to the scheduler

Requirements on tight coordination between schedulers (e.g. baseband units) are less of a burden for CA as compared to EN-DC, but do not solve the problems above. However, there would be additional side conditions on e.g. scheduling.

An example of the problems above are shown in Figure 1 below. Suppose that the UE would fall back to to default power class in case the duty cycle capability is exceeded. Fallback may be detected at the gNB UL, but the scheduler would assume that the UE falls back to the default regardless of the actual UE output power. Fallback is only ’necessary’ if the FDD is at maximum power; if not, then PC3 fallback is unnecessary. The average total power can still be below 23 dBm, e.g. FDD below 10 dBm att 100% dc with TDD above 25 dBm at 30% dc (the reported NR capability assumed).
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Figure 1: example of an FDD-TDD PC2 combination with 30% UL duty cycle on the TDD component carrier.

The prioritization rules apply on top of any fallback: in case the UE fall back to 23 dBm (i.e. the total PCMAX = 23 dBm), it is assumed that the TDD SCell power is reduced or the SCell dropped. We make the following

Proposal 1: duty cycle reporting should not the basis for UL CA PC2; it is not viable.
3 Proprietary PMPR methods

The prioporietary “P-MPR method” was specified as the default solution for EN-DC FDD-TDD PC2. There is no fall-back behavior, which means that the network must assume that the total EN-DC power is 26 dBm for all possible configurations. There are some issues,
· if the total EN-DC power during TDD burst is not always 26 dBm, the UE behavior is ambiguous and not predictable for the network

· there is currently no test case for the P-MPR method (not straightforward since proprietary)
· unknown scaling behavior (assuming that the P-MPR solution follows the prioritization rules in 38.213)

but also advantages

· dynamic adaptation to actual duty cycles if supported by the particular UE-implementation.
The P-MPR method is therefore preferable to duty-cycle reporting.
4 Power limits on component carriers and fast adaptation
The “blind scheme” was not adopted for EN-DC FDD-TDD PC2. However, a similar method can be used for CA PC2 by limiting the power per cell (the PLTE and PNR apply per cell group) if combined with fast indication and disabling of limits without RRC reconfiguration. This can also be used for avoiding dropping of SCells for any CA power class as proposed in [2].
First a recap of the EN-DC case: for FDD-TDD PC2, it was proposed that the total cell-group power of the MSG (EUTRA) be limited by a UE-specific [image: image11.png]
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 on the MSG to borrow (reserve additional) power for the SCG given a total configured power [image: image13.png]DC
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 . This in order to enable an SCG power > 23 dBm during SCG transmission bursts while keeping the total average output power less than 23 dBm in order to facilitate SAR compliance by setting [image: image14.png]DC
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  appropriately. The power limitation is signalled over RRC, which would have implied a slow adaptation to changing radio conditions: in case the LTE coverage is impaired and the  [image: image15.png]


 (PLTE) limitation should be released temporarily, then the EN-DC connection would have to be released and then re-established once the LTE coverage improves. 
For high-power UE operation for UL CA, SAR compliance can be facilitated by setting power limits or restrictions to the uplink duty cycle on serving cells such that the power [image: image17.png]


 averaged over at least one radio frame is less than or equal to that of the default power class (we assume [image: image18.png]5 = 200 mW



 for PC3 for the reasons stated above). This means that for a PCell in and FDD band one SCell in a TDD band, the network configures a absolute limits for transmission of a type, e.g. PUSCH
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 (linear scale with lower-case characters) and the superscript indicating that this limit could be specific to a transmission type e.g. PUSCH on both component carriers, while
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with [image: image22.png]Ppower class.SCell



  the UE power class for transmissions in the SCell and [image: image23.png]


 the maximum duty cycle of for UE transmissions on the SCell (TDD). The [image: image24.png]


 is determined from the common U-D pattern sent in the configuration of the band combinations. This is similar to the method proposed for preventing dropping of SCells in [2] for which relative limits are used (could also be used in this case with the configured power as the reference).
The UE in turn determines [image: image25.png]Peyax fpcell
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, which can be included in the limits for the configured power like the corresponding cell-specific P-Max. This enables transmissions with a power exceeding  during transmission bursts on the SCell, the average would not exceed
[image: image29.png](k) (k) 5
p® o Fupp®) <P




regardless of scheduled uplink traffic on the two serving cells. 
The power limitation should be removed temporarily in poor radio conditions on the PCell by indicating another limit in DCI or by disabling the power limitations e.g. by DCI indication whence all available UE output power can be allocated temporarily to the PCell (FDD). 
The downside with power limits per cell is that this requires RAN2 and possibly also RAN1 changes.

Reiterating from [2], the relative limits could be set up in a RRC message e.g. during the RRC configuration of the band combination. The problem with this approach is that RRC reconfiguration is relatively slow. Moreover, it may be necessary to modify the limit in case all available power should  be reserved for PCell transmissions or if a PRACH transmission requires all power. We therefore propose

Proposal 2: to facilitate SAR compliance for UL CA PC2 and prevent dropping of SCells for all CA power classes, specify UE-specific absolute and/or relative power limits (P-Max) modifying the configured maximum output power per serving cell. 

In order to allow a fast adaptation to changing radio conditions, sets of power limits per serving cell could be set up in an RRC meassage, the limits could be different depending on the transmission type, e.g. PRACH, PUCCH or PUSCH. It may not be desirable to limit the power of PRACH transmissions for example. Then limit to be used by the UE could  determined by a MAC-CE or a PDCCH message based on a DCI format, which enables fast adaptation. Limits could be disabled by DCI allowing the standard power scaling temporarily for example.

Proposal 3: the absolute and or relative power limits are set up in an RRC meassage. Then limit to be used by the UE is determined by a MAC-CE or a PDCCH message based on a DCI format, which enables fast adaptation to changing radio conditions (e.g. temporarily disabling limits). This should be liased with RAN1 and RAN2.

There are several upsides:

· the UE behavior is predictable for the network configuring the power limits

· the SCell dropping behavior can be prevented by limiting the PCell power

· the output power is controlled by the UE, no need for any scheduling coordination
· fast adaption to changing radio conditions, no RRC reconfiguration

· test cases can be specified.

5 Conclusions 
We propose that

Proposal 1: duty cycle reporting should not the basis for UL CA PC2; it is not viable.

Instead, we propose that

Proposal 2: to facilitate SAR compliance for UL CA PC2 and prevent dropping of SCells for all CA power classes, specify UE-specific absolute and/or relative power limits (P-Max) modifying the configured maximum output power per serving cell. 

similar to the so-called “blind scheme” for EN-DC, but also that
Proposal 3: the absolute and or relative power limits are set up in an RRC meassage. Then limit to be used by the UE is determined by a MAC-CE or a PDCCH message based on a DCI format, which enables fast adaptation to changing radio conditions (e.g. temporarily disabling limits). This should be liased with RAN1 and RAN2.

There are several upsides:

· the UE behavior is predictable for the network configuring the power limits

· the SCell dropping behavior can be prevented by limiting the PCell power

· the output power is controlled by the UE, no need for any scheduling coordination

· fast adaption to changing radio conditions, no RRC reconfiguration

· test cases can be specified.

The downside is that RAN1 and RAN2 changes are also needed, but the problem with SCell dropping is also solved.
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