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1 Background
According to the latest WF [1] for SAR schemes for UE PC2 for NR inter-band CA and SUL configurations, the following should be considered 
· Duty Cycle based solutions
· Option 1: Report the total duty cycle capability per band combination with SARratio factor consideration and not need to report SARratio
· How to define the SARratio will be further discussed
· “Blind scheme” solution can be discussed further
In this update of [2] we reiterate the proposal that duty-cycle solutions for UL CA PC2 are not specified. Further work should focus on P-MPR solutions and 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 method for facitiating SAR compliance for PC2. 
2 Duty-cycle reporting should not be specified
General observations
We start by reiterating the following from [2].
Observation 1: duty-cycle reporting is not viable for UL CA (neither for EN-DC)
· the ‘actual’ UE output powers on the uplinks also determine the total average output power; the network has limited information about the UE output power on a radio-frame time scale, the PHR is not that frequent, not accounting for any scaling and has limited reporting accuracy

· the measurement of the ‘actual’ duty cycle is ambiguous in the time domain; ”certain evaluation period” has been used for TDD HPUE throughout, but is unknown to the scheduler for its evaluation
· from a SAR perspective, there is no reason for a UE to fall back to UL CA PC3 in case the output power for one of the bands is significantly lower than the power class of the band, even though the duty cycle in this band is 100%.
It would only be an unnecessary constraint on the network scheduler if implemented. Requirements on tight coordination between schedulers are less of a burden for CA as compared to EN-DC, but do not address the problems above. 
A visualization of Observation 1 is shown in Figure 1 with FDD transmissions at 100% duty cycle and an TDD common U-D pattern with 30% duty cycle. The UE is supposed to fall back to its default power class PC3 in case the ‘total’ duty cycle capability is exceeded. The proposed default total duty cycle is 50% [3] with maximum output power on the two UL CCs, which implies an average total output power of 23 dBm. The problems are that
1. the scheduler would assume that the UE falls back to the default regardless of the actual UE output power. However, fallback is only ’necessary’ if the FDD is at maximum power; if not, then PC3 fallback is unnecessary. Even if the FDD duty cycle is 100%, the average total power would still be below 23 dBm for an FDD poer below 10 dBm att 100% duty cycle with TDD above 25 dBm at 30% duty cycle.
2. the evaluation of the scaled total uplink duty cycle is exceeding 50% over a radio frame for the case in Figure 1, but this is not necessarily the ‘certain’ evaluation period assumed by the UE. The network is only aware that this exceeds the duration of a radio frame.
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Figure 1: example of an FDD-TDD PC2 combination with 30% UL duty cycle on the TDD component carrier.

Specifying a specific evaluation time is indeed not straightforward, SAR is usually measured over durations considerably longer than a that of a radio frame.

Proposal 1: duty cycle reporting should not be specified for UL CA PC2; it is not viable. It poses constraints on scheduling that trigger unnecessary fallbacks to PC3.
The same conclusion holds for SUL combinations.
Duty cycle reporting may be useful for a single UL CC to indicate that the UE is capabile of exceeding the default 50% for TDD PC2, then the total UE power is not depending on the power and time-domain behaviour of another UL. 
EN-DC
That it has been specified for EN-DC is a common argument, but it does not make it more viable. If for FDD-TDD the duty cycle on the FDD over the (unknown) evaluation period is greater than 70% then fallback occurs no matter the FDD output power, and 40% if the capability maxUplinkDutyCycle-FDD-TDD-EN-DC1-r16 below is absent.

MRDC-Parameters-v1630 ::= 
SEQUENCE {

    -- R4 2-20 Maximum uplink duty cycle for FDD+TDD EN-DC power class 2

    maxUplinkDutyCycle-interBandENDC-FDD-TDD-PC2-r16  SEQUENCE {

        maxUplinkDutyCycle-FDD-TDD-EN-DC1-r16             ENUMERATED {n30, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,

        maxUplinkDutyCycle-FDD-TDD-EN-DC2-r16             ENUMERATED {n30, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL
    }
These are capabilities that are RRC configured so would not change with flexible SFI indication, for example. Then the evaluation period for the duty cycle is anyway one radio frame (10 ms) or longer, unknown to the gNB.
For TDD-TDD the corresponding capabilities are
MRDC-Parameters-v1620 ::=    SEQUENCE {

    maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16    SEQUENCE{

        eutra-TDD-Config0-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,

        eutra-TDD-Config1-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,

        eutra-TDD-Config2-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,

        eutra-TDD-Config3-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,

        eutra-TDD-Config4-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,

        eutra-TDD-Config5-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,

        eutra-TDD-Config6-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL
    }                                                                                    OPTIONAL,

What is the expected UE output power on the SCG (NR) with a n100 indication? This capability suggests that the UE is capable of a constant 26 dBm output power on the NR CG with 100% duty cycle while transmitting 23/26 dBm on the MCG (LTE). P-MPR can of course be used for the NR CG in this case, but then removes any possible virtue of the n100 indication since the maximum NR power is reduced.
Moreover, typical common U-D patterns currently in use have an UL duty cycle of 30% or lower. For bands combinations not supporting simultaneous TxRx the UE could operate at 26 dBm for both bands of a TDD-TDD combination without indication.
The SAR ratio

Regarding the SARratio discussed in the WF [1], we note that the SAR measured depends on many factors depending on the actual UE implementation such as antenna location and radiation patterns for the operating bands combined. We make the following 
Observation 2: consideration of meaningful SAR ratio indicated the UE capability does not appear feasible. Moreover, it is not the task of the BS scheduler to ensure SAR compliance, it is a UE liability. P-MPR can always be used for SAR compliance.
More feasible is to use a method than can ensure 23 dBm nominal average output power (or any other level) discuss ed below. This could also facilitate UE heat management. 
The ‘P-MPR method’ is also available and is the ‘default’. This 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 no test case for the P-MPR method

· unknown power scaling behavior (assuming that the P-MPR solution follows the prioritization rules in 38.213)

but also advantages

· dynamic adaptation to actual duty cycles and power levels if supported by the particular UE-implementation,
and similarly for UL CA PC2. The P-MPR method is therefore preferable to duty-cycle reporting.                                                                                                 
3 The power prioritization rules and HPUE operation
The power prioritization rules in 38.213 clause 7.5 apply when the total configured output power PCMAX is exceeded, not matter the power class. For UL PC2 the PCMAX would be upper bounded by 26 dBm. For concurrent transmissions on the CCs, the total SCell power would be capped at 23 dBm and the SCell(s) reduced or dropped for a PCell transmission at 23 dBm that is of equal or higher priority. This means that the power control for UL CA is similar to that of EN-DC for which the MCG is prioritized subject to a total EN-DC power, the PCMAX for EN-DC. 

The actual scaling of the Scell(s) applied for power prioritization is not specified, PCell prioritization by dropping SCells is not precluded. The power prioritization rules apply on top of any method for facilitating SAR, these rules do not impact the Pcmax,f,c per serving cell and thus not the PHR. 
4 Power limits on component carriers and fast channel adaptation
For UL CA with a HPUE, SAR compliance and UE heat management can be facilitated by setting UE-specific power limits or restrictions given an uplink duty cycle on serving cells such that the power [image: image3.png]


 averaged over at least one radio frame is less than or equal to that of the default power class, i.e. [image: image4.png]5 = 200 mW



 for PC3. This means that for a PCell in and FDD band one SCell in a TDD band, the network configures UE-specfic absolute limits, possibly only 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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  the UE power class for transmissions in the SCell and [image: image9.png]


 the maximum duty cycle of for UE transmissions on the SCell (TDD). The [image: image10.png]


 is determined from the common U-D pattern sent in the configuration of the band combinations similar to the “blind” scheme for EN-DC. 
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similar to the corresponding cell-specific P-Max. This enables transmissions with a power exceeding the default power class during transmission bursts on the SCell, the average would not exceed
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regardless of scheduled uplink traffic on the two serving cells. The actual calculation of the duty cycle uD need not be specified, it’s up to the gNB to configure the limit such that the average over a radio frame is less than 23 dBm.
In addition, the limit on the Pcell reduces its maximum power below the power class for the band, which implies a smaller power reduction of Scells due to the power prioritization specified in 38.213.   
Proposal 2: UE-specific absolute (P-Max) or relative power limits should be specified for modification of the configured maximum output power per serving cell to facilitate SAR compliance and UE heat management for UL CA PC2 and reduce the risk of dropping of SCells. Hit two birds with one stone.
A drawback with the “blind scheme” for EN-DC was that the power limitation PLTE is configured via RRC reconfiguration, which would have implied a slow adaptation to changing radio conditions. The power linits would still be configured in dedicated RRC signaling to each UE, but could be enabled/disabled by a MAC-CE element. Use of MAC-CE is not as constrained in the number of bits as the DCI indication, but yet sufficiently fast. 

Relative limits can also be used, e.g. also for preventing dropping of SCells for intra-band UL CA as discussed in []. The relative limits would account for the actual power back-off used by the UE, hence always ensure that the Pcell power is reduced. 
Proposal 3: UE-specific absolute (P-Max) or relative power limits configured by RRC can be enabled/disabled by a MAC-CE thus allowing fast adaptation to changing radio conditions.
The P-MPR method is the default in case the power limits are absent (not configured by the gNB or in case support of these limits is optional).
Proposal 4: the UE-specific power limits could be used in conjunction with the P-MPR method.
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 method is also applicable for SUL.

5 Proposal 
We make the following

Observation 1: duty-cycle reporting is not viable for UL CA (neither for EN-DC)
· the ‘actual’ UE output powers on the uplinks also determine the total average output power; the network has limited information about the UE output power on a radio-frame time scale, the PHR is not that frequent, not accounting for any scaling and has limited reporting accuracy

· the measurement of the ‘actual’ duty cycle is ambiguous in the time domain; ”certain evaluation period” has been used for TDD HPUE throughout, but is unknown to the scheduler for its evaluation
· from a SAR perspective, there is no reason for a UE to fall back to UL CA PC3 in case the output power for one of the bands is significantly lower than the power class of the band, even though the duty cycle in this band is 100%.
and propose that

Proposal 1: duty cycle reporting should not be specified for UL CA PC2; it is not viable. It poses constraints on scheduling that trigger unnecessary fallbacks to PC3.

Observation 2: consideration of meaningful SAR ratio indicated the UE capability does not appear feasible. Moreover, it is not the task of the BS scheduler to ensure SAR compliance, it is a UE liability. P-MPR can always be used for SAR compliance.

Instead, we propose that

Proposal 2: UE-specific absolute (P-Max) or relative power limits should be specified for modification of the configured maximum output power per serving cell to facilitate SAR compliance and UE heat management for UL CA PC2 and reduce the risk of dropping of SCells. Hit two birds with one stone.
Proposal 3: UE-specific absolute (P-Max) or relative power limits configured by RRC can be enabled/disabled by a MAC-CE thus allowing fast adaptation to changing radio conditions.  

The P-MPR method is the default in case the power limits are absent.

Proposal 4: the UE-specific power limits can be used in conjunction with the P-MPR method.
The above method is also applicable for SUL. 
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