[bookmark: _Hlk66949131][bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting #109	R4-2318773
Chicago, USA, Nov. 2023

Title		: On power class fallback signaling
Source	: Qualcomm Incorporated
Agenda item		: 8.27.1.1
Document for	: Approval
Introduction
On ULFPTx reporting alongside ∆Ppowerclass change, RAN2 seeks to determine [1]:
· Q1: What exact information is required to be reported by the UE (ie., how many bits are required to support the reporting of this information)?
· Q2: What is the granularity of the information to be reported (e.g., per UE / per cell / other option)?
· Q3: Will RAN4 specification(s) specify the triggering condition(s) when this reporting should be performed by the UE, to which RAN2 specification(s) could then refer to when writing the reporting procedure?
We offer our views on the questions above.
Discussion
In this contribution, the occasion for a UE to assume a ∆Ppowerclass > 0 is referred to as a power class fallback.
The standard allows a power class fallback when the scheduled UL duty cycle exceeds the UE’s indicated UL duty cycle capability. A UE’s UL duty cycle limits can be motivated by SAR compliance, or by power handling of the Tx chain, or by thermal considerations, or others. SAR exposure itself may be a function of specific physical antenna locations on the UE. When UL duty cycle is exceeded and SAR exposure nears the allowable budget, an optimal response could be for the UE to back off the PA responsible for the exposure, or even shut it off. A power handling related limitation would be tackled differently, perhaps with symmetric reduction across all PAs. Yet another implementation is the trivial case where a power class fallback may leave full power PAs at each port
The figure below graphically outlines the non-trivial options. Consider a PC2 UE that indicates support of ULFPTX mode 1, i.e it utilizes a 23+23 PA architecture.  When it falls back to PC3 from the indicated PC2:
Throttled back  or
Throttled back  or
Case A: ULFPTX mode 1
Case B: ULFPTX mode 2?
Case C: ULFPTX mode 2?


The ULFPTX mode is clear for case A (use fullpower mode) but for B/C ULFPTx mode2 can be more appropriate. There is also the trivial case, where the UE can support Fullpowermode during power class fallback.
Observation 1: When a UE takes on ∆Ppowerclass > 0 (i.e. ‘power class fallback’), it may elect to support any one of the available ULFPTX modes during fallback.
From 38.306, it is evident that signaling the new ULFPTx mode, especially mode 2 can involve many parameters:
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Note that the set of ULFPTx capabilities associated with a fallback level are unlikely to change dynamically. i.e. for each level, if the UE wants to support ULFPTx mode2, the specific parameters associated with that mode are unlikely to change from fallback event to the next.  Consequently, these ULFPTx capabilities sets for each powerclass fallback level can be declared a priori as part of capability declaration at initial access. The UE would then only need to point to the correct capability set for its fallback level. We summarize this in the proposed reply to RAN2.
Such a scheme would require additional capabilities during initial access, and then a 2 bit field in addition to the agreed ∆Ppowerclass reporting via MAC-CE or other, to be able to point to one of 3 capability sets.  

Answer to Q1: 
As background, the UE can assume multiple positive values for the parameter ∆Ppowerclass instead of the default 0 value case, and these correspond to multiple fallback levels. For each fallback level, the UE needs to optionally convey to the network an applicable ul-FullPower capability. The choices correspond to ul-FullPower, ul-FullPowerMode1 and ul-FullPowerMode2 [38.306]. Not reporting an ul-FullPower capability for a new fallback level implies no change from declared ULFPTx mode for the declared power class. RAN4 has UEs with 2 levels of fallback as of Rel-18, but RAN4 defer to RAN2 choice on instituting additional levels for future flexibility. 
RAN4 is aware that the first two options (ul-FullPower, ul-FullPowerMode1) only require a bit each, so special care is needed only for ul-FullPowerMode2 parameters. To support this goal in an efficient way, the signaling can be divided into a static ‘pre-conveyed’ part and a dynamic pointing. Specifically, the UE would additionally report as part of initial access, sets of ul-FullPowerMode2 parameters for each foreseen fallback level. The UE is then only required to dynamically point to one of the three options for each fallback level.
Since every level of fall back has 3 options for ul-FullPower, a 2-bit field is sufficient. When the new ∆Ppowerclass is 0, the original capability set for the declared power class applies.
In summary:
1. For every instance when ∆Ppowerclass is changed, a UE shall 2 bits to indicate the new value of ∆Ppowerclass . Additionally, a UE can optionally report a 2-bit pointer to the applicable set of ul-FullPower capabilities corresponding to the new value of ∆Ppowerclass.
2. New capabilities are required to be defined so a UE can pre-convey to the network for each positive value of  ∆Ppowerclass, the potential ul-FullPowerMode2 parameters that could apply 
		Example 2-bit pointer value
11
10
01

These capability parameters need to be pre-conveyed to the network as part of initial access



Answer to Q2: 
Since ∆Ppowerclass is tied to PHR, the granularity would be similar: ∆Ppowerclass is per cell and ∆Ppowerclass,CA is per UE.

Answer to Q3: 
The triggering events for ∆Ppowerclass change, and consequently, reporting thereof are documented in section 6.2x.4 of TS38.101-1 and TS38.101-3
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ul-FullPwrMode-r16

Indicates the UE support of UL full power transmission mode of fullpower as
specified in clause 7.1 of TS 38.213 [11]. If the UE indicates this capability the UE
also indicates the support of codebook based PUSCH MIMO transmission using
mimo-CB-PUSCH and the support of PUSCH codebook coherency subset using
pusch-TransCoherence.

FS

No

N/A

N/A

ul-FullPwrMode1-r16

Indicates the UE support of UL full power transmission mode of fullpowerMode1. If
the UE indicates this capability the UE also indicates the support of codebook
based PUSCH MIMO transmission using mimo-CB-PUSCH and the support of
PUSCH codebook coherency subset using pusch-TransCoherence.

FS

N/A

N/A

ul-FullPwrMode2-MaxSRS-ResinSet-r16

Indicates the UE support of the maximum number of SRS resources in one SRS
resource set with usage set to ‘codebook for uplink full power Mode 2 operation. If
the UE indicates this capability the UE also indicates the support of codebook
based PUSCH MIMO transmission using mimo-CB-PUSCH and the support of
PUSCH codebook coherency subset using pusch-TransCoherence. A UE supports
this feature shall support at least full power operation with single port
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No

N/A

N/A

ul-FullPwrMode2-SRSConfig-diffNumSRSPorts-r16
Indicates the UE supported SRS configuration with different number of antenna
ports per SRS resource for uplink full power Mode 2 operation. The possible
different number of antenna ports that can be configured for a SRS resource are as
follow:
- value p1-2 means that each SRS resource can be configured with 1 port or 2
ports
- value p1-4 means that each SRS resource can be configured with 1 port or 4
ports
- value p1-2-4 means that each SRS resource can be configured with 1 port or
2 ports or 4 ports

UE indicates support of this feature shall also indicate support of ul-FullPwrlMode2-
MaxSRS-ResInSet.

NOTE:  The values p7-2, pi-4 or p1-2-4 can be used if ul-FullPwriode2-
MaxSRS-ResInSet is reported as n2 or nd.
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ukFullPwrMode2-TPMIGroup-r16.
Indicates the UE supported TPMI roup(s) which delivers full poweer. The capabilty
signalling comprises the following values
- twoPorts-rf6 indicates a 2-bit bitmap, where the leading / lefimost bt (bt 0)
corresponds to {TPMI index = 0}. The next bt (bit 1) corresponds to (TPMI
index.
6]
- fourPortsNonCoherent-r16 indicates the TPMI groups (G0-3)
- fourPortsPartiaiCoherent-r16 indicates the TPMI groups (G0-6)

UE indicates support of this feature shall also indicate support of ul-FullPwriiode2-
MaxSRS-ResinSet.
Definition of GO~G6 can be found in the table below:
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NOTE 1 When a full coherent UE operates in mode 2, it reports TPMIs the same
as a partial-coherent UE.

NOTE 2: For 4 port partal-coherent or ful-coherent UE, UE can report 2-port (2-
bit bitmap} and one of 4-port non-coherent {G0~G3} and one of 4-port
partial-coherent {G0~G6}

For 4 port non-coherent UE, UE can report: 2-port {2-bit btmap} and one.

of 4-port non-coherent (G0~G3}
For 2 port UE, UE can report: 2-port 2-bit bitmap}
NOTE 3 A UE that supports ihis feature must report at least one of the values.

}and the TPMI index is as specified in Table 6.3.1.5-1 of TS 38 211

NA | NA





