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Introduction 
In the coverage enhancement WID (R2-221858), the following enhancements were studied by RAN1 and RAN4
	· Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


As the WI nears completion, RAN1 and RAN4 have sent LSs to RAN2 asking them to develop the framework necessary to accommodate the RAN1/RAN4 coverage enhancements in the RAN2 specs. In this contribution, we assess the latest LSs from those WGs and we outline the work needed by RAN2.
RAN2 progress 
RAN4 has sent an LS [1] to RAN1 during RAN4 #107 with the following content:
	With regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 would like to provide the following recommendation and guidance as a follow-up to our earlier Reply LS in R4-2303701 from RAN4#106:

· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 
· not to introduce P-MPR report since this is closely related to SAR implementation, which is sensitive to UE design
· RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18.
· RAN4 does not consider EHR feasible.



RAN1 have investigated that LS and replied with the following to RAN4 and RAN2 [2] 
	RAN1 thanks RAN4 for the Reply LS on enhancements to realize increasing UE power high limit for CA and DC in R4-2310500. 
RAN1 discussed about the recommendations and guidance included in R4-2310500 and agreed on the following observations.
Concerning the recommendation of enabling UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceeded:
a) RAN1 understands it as related to a PHR reporting enhancement by means of which Power class fallback ΔPPowerClass is reported by UE with aperiodic PHR as discussed in R4-2303560, i.e., the WF brought to RAN1’s attention by RAN4 with R4-2303701, Reply LS on enhancements to realize increasing UE power high limit for CA and DC.
b) The duty cycle exceedance is referred to by RAN4 as “occasion of the report”. RAN1 understands that this expression refers to the event that triggers the aperiodic PHR report, and not to the actual UL resource to send the MAC-CE carrying the report, which would be still subject to UL resource availability as per RAN1 specification.
c) RAN1 does not see a RAN1 impact for this enhancement.
   
Furthermore, RAN1 agreed on respectfully ask to RAN4 the following questions:
· Q1:  It is RAN1 understanding that ΔPPowerClass can be triggered by the cases when the percentage of uplink symbols transmitted in a certain evaluation period is larger than a certain duty cycle as specified in Clause 6.2.4 of TS 38 101-1. Could RAN4 clarify whether all these cases can trigger ΔPPowerClass reporting in PHR MAC CE?
· Q2: In case of duty cycle exceedance, and resulting ΔPPowerClass reporting as per recommendation in R4-2310500, is a further ΔPPowerClass reporting also allowed when UE returns to advertised PC power capabilities? 
· Q3: Could RAN4 confirm the correctness of RAN1’s understanding as per observation b) concerning the recommendation of enabling UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when duty cycle is exceeded?
· Q4:  Could RAN4 clarify the meaning of the recommendation related to the combination of the ΔPPowerClass report with full-power MIMO transmission capability reporting corresponding to the current power class


 In the meantime, RAN4 has further sent an LS to RAN1 and RAN2 clarifying the following [3]:
	This LS is a supplemental LS for an LS of R4-2310500 approved in RAN4#107 which shared a recommendation and guidance with regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance.
Although R4-2310500 explicitly stated that the occasion of reporting ΔPPowerClass should be limited to when configured duty cycle is exceeded, it was not only what RAN4 intended to state. RAN4’s intention is reporting ΔPPowerClass should be limited to occasions when maximum transmission power changes originating from a duty cycle mechanism. Hence, the exchange of ΔPPowerClass is allowed for when maximum transmission power falls as well as it rises. In summary, the main bullet and the 1st sub-bullet in the LS are corrected as follows:
· enable UE report on ΔPPowerClass to indicate which power class requirements that the UE is referring to where only ΔPPowerClass (power reduced) resulting from duty cycle exceedance or ΔPPowerClass (power return) resulting from duty cycle reduction.

· The occasion of the report should be limited to either when the scheduled duty cycle exceeds the UE maximum duty cycle capability or reduces to equal to or below the UE maximum duty cycle capability after exceedance.

It is also noted that RAN4 agreed that full-power MIMO transmission capability reporting corresponding to the applicable power class requirements is the only feature that can be combined with ΔPPowerClass at this writing.


RAN2 has agreed last meeting to send an LS to RAN4 [5] asking for the following clarifications [5]
	RAN2 discussed the RAN4 LS R2-2309468	 about enhancements to realize increasing UE power high limit for CA and DC and concluded that more detailed information is required to be able to design the signaling to support delta power class reporting appropriately.
Hence, RAN2 would like to respectfully ask the following questions from RAN4:
· 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?

RAN2 would also like to point out that the next RAN2#124 meeting is the last RAN2 meeting for Rel-18 and would appreciate any early response to these questions.


User Plane rapporteur have also identified the following related issues to DPC.
	OI Index
	Open issue
	Rapporteur comment
	OI type

	3-1
	How to specify the DPC reporting (e.g. design of MAC CE, triggering condition, etc). 
	Wait for RAN4/1 reply LS to R2-2311611.
But companies are allowed to express your views regarding the new LS (R4-2317768), we may not be able to move forward unless there is clear consensus.
	Suggest Type 3,
Type 2 is allowed.

	3-2
	Impact on full-power MIMO transmission capability and configuration
	Wait for more inputs from RAN4/1.
But companies are allowed to express your views regarding the new LS (R4-2317768), we may not be able to move forward unless there is clear consensus.
	Suggest Type 3,
Type 2 is allowed.



ULFPTx and UL rank Change
Currently, there is an open discussion in RAN4 on whether the UE needs to also indicate a change in ULFPTX capability and UL rank change along with power class change. The background is clarified more in [6], but the summary is SAR exposure that motivates Power Class fallbacks may be a function of specific physical antenna locations on the UE. UE implementations are allowed to shut down one PA, which directly impacts the maximum supportable number of MIMO layers. Similarly, depending on the power class event the UE may have a temporary change in ULFPTx capability. 
Observation 1: RAN4 is currently discussing extending the UE indication of a power class change to a change in ULFPTx and UL rank as well. 
Thus, we think it is useful to outline the options on the table to develop this signalling in case RAN4 agrees it is to be supported in their LS reply.
ULFPTx 
ULFPTx capability is outlined in 38.306 in the following fields:
	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
	No
	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.
	FS
	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-FullPwrMode2-MaxSRS-ResInSet.

NOTE:	The values p1-2, p1-4 or p1-2-4 can be used if ul-FullPwrMode2-MaxSRS-ResInSet is reported as n2 or n4.
	FS
	No
	N/A
	N/A

	ul-FullPwrMode2-TPMIGroup-r16
Indicates the UE supported TPMI group(s) which delivers full power. The capability signalling comprises the following values:
-	twoPorts-r16 indicates a 2-bit bitmap, where the leading / leftmost bit (bit 0) corresponds to {TPMI index = 0}. The next bit (bit 1) corresponds to {TPMI index = 1} and the TPMI index is as specified in Table 6.3.1.5-1 of TS 38.211 [6]
-	fourPortsNonCoherent-r16 indicates the TPMI groups {G0-3}
-	fourPortsPartialCoherent-r16 indicates the TPMI groups {G0-6}

UE indicates support of this feature shall also indicate support of ul-FullPwrMode2-MaxSRS-ResInSet.
Definition of G0~G6 can be found in the table below:

	ID
	TPMI groups

	G0
	,

	G1
	, , ,

	G2
	, , , , 

	G3
	, ,, 

	G4
	, ,

	G5
	, ,, ,, 

	G6
	, ,,, ,
, , ,,



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 partial-coherent or full-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 bitmap} 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 this feature must report at least one of the values.
	FS
	No
	N/A
	N/A



A change in ULFPTx capability would have the UE send a simple indication of support of Mode 0/Mode 1. However, as can be seen from the table above, Mode 2 also requires information about supported SRS configuration with different number of antenna ports and supported TPMI group(s) which delivers full power. 
Observation 2: ULFPTx capability has a simple indication for mode 0 and mode 1, but requires a more involved indications on SRS resources and TPMI group(s) in Mode 2. 
UL Rank
As outlined above, the UE may also change the UL rank based on a change in fallback (e.g., switch off a Tx chain) then switching it on again. This indication, if need be, can be a simple 1/2 bits to cover the # of Tx chains/rank. 
Options for ΔPPowerClass Indication
In this section, we indicate the possible RAN2 signalling options to indicate the power class fallback events. 
Option 1: Reuse Legacy PHR
This is a possible option if no agreement in RAN4 is achieved on ULFPTx and UL rank update indication from UE to the NW. In this case, given that RAN2 may be interested in a limited enhancements for the PHR MAC CE framework without necessarily introducing a new MAC CE format, a starting point may be reusing the two MPE bits used for reporting P-MPR. Given that P-MPR reporting is configured only for FR2 and the UE power class fallback is only relevant for FR1, we may then use the two bits MPE field to report ΔPPowerClass.
Observation 3: MPE field in MAC CE is only used for FR2, the MAC spec. indicates it is otherwise reserved whereas UE power class change event happens in FR1.
Observation 4: If only ΔPPowerClass needs to be indicated to the NW, RAN2 may reuse the MPE field (2 bits) in FR1 to report ΔPPowerClass. This would however mean that the aperiodic PHR MAC CE would have a new trigger in the MAC spec. 
[bookmark: _Hlk149665301]Observation 5: Legacy PHR MAC CE cannot be used to indicate ΔPPowerClass. if more than two bits (per-serving cell) are needed. 
Option 2: New MAC CE
Another option is to introduce a MAC CE to indicate ΔPPowerClass along with a possible change in ULFPTX capability and/or UL rank if agreed by RAN4. This MAC CE can be triggered by a power class change event and carry all related information agreed on by RAN4. Since the capability (even fore mode 2) is only a few bits per-serving cell, we see no issue in indicating everything via a new MAC CE. 
Specifically, indicating Mode 0 or mode 1 is a single bit each. Mode 2 would require 2 bits to express capability, 2 bits for SRS config., and up to 3 bits for supported TPMI groups, thus, all the information that needs to be conveyed is around 13 bits including UL rank and ΔPPowerClass.
Observation 6: A new MAC CE can be used to indicate ΔPPowerClass along with ULFPTx capability change and UL rank, if agreed by RAN4. The MAC CE trigger would be a change in UE power class. This MAC CE can have a single and multi-entry formats like PHR.
Option 3: RRC Framework
There is also a possible solution that relies on RRC signalling, e.g., UE Assistance information framework to indicate the change in power class, ULFPTx and UL rank via UAI if configured or even possibly use MAC CE for ΔPPowerClass signalling and UAI for ULFPTx/UL rank update. We note there is some precedence to that in Rel-16 in reducedMIMO-LayersFR1-UL to address overheating or power saving UAI and Rel-18 MUSIM. However, the crucial difference is that UAI carries a request for a configuration from the NW whereas this power class fallback framework indicates an autonomous action the UE already took, thus the 10 ms latency or so for UAI to get through may be too large for the NW to react. 
Observation 7: UAI framework can be reused to inform the NW of a change of power class, ULFPTx capability or UL rank at the UE. However, unlike traditional UAI framework the UE would inform the NW of an action the UE has already undertaken not a requested configuration.
Path forward
The exact path forward would depend on how RAN4 replies to our LS and how much information the UE needs to convey to gNB. We think that currently, a new MAC CE may be the easiest way to go that both reflects RAN4 preferences as well as RAN2 limited time. However, companies can have a quick round of discussion on their preferences within the possible options.
Proposal 1: RAN2 to discuss how UE can indicate information related to power class change to the gNB (to be further specified by RAN4) between the following options:
· Option 1: Reuse PHR MAC CE and add new triggers.
· Option 2: A new power class change MAC CE.
· Option 3: New RRC signalling is introduced, e.g., UAI.
DWS Indication
For DWS, RAN2 has already made some progress on the running CR with the rapporteur identifying the following open issues:
	OI Index
	Open issue
	Rapporteur comment
	OI type

	2-1
	How to define the format of Multiple Entry PHR with assumed PUSCH MAC CE. 
e.g. whether to introduce additional E1~Ex fields to indicate the presence of Pcmax,f,c for assume PUSCH for each serving cell. 
	Relates to section “6.1.3.X Multiple Entry PHR with assumed PUSCH MAC CE” in draft MAC CR.
	Type 1 or Type 2

	2-2
	How to specify the triggering of new MAC CE in MAC spec
	Relates to section “5.4.6 Power Headroom Reporting” in TS 38.321.
	Type 1 or Type 2



Multiple Entry PHR
The following issue was raised in 38.321 running CR: What is only some serving cells need to report Pcmax,f,c for assumed PUSCH? Does the UE mix the new MAC CE PHR with assumed PUSCH and the legacy MAC CE PHR in the multiple entry PHR? 
First, in 38.331 running CR, the proposed configuration for the assumed PUSCH PHR is as follows:

. PHR-Config information element
-- ASN1START
-- TAG-PHR-CONFIG-START

PHR-Config ::=                      SEQUENCE {
    phr-PeriodicTimer                   ENUMERATED {sf10, sf20, sf50, sf100, sf200,sf500, sf1000, infinity},
    phr-ProhibitTimer                   ENUMERATED {sf0, sf10, sf20, sf50, sf100,sf200, sf500, sf1000},
    phr-Tx-PowerFactorChange            ENUMERATED {dB1, dB3, dB6, infinity},
    multiplePHR                         BOOLEAN,
    dummy                               BOOLEAN,
    phr-Type2OtherCell                  BOOLEAN,
    phr-ModeOtherCG                     ENUMERATED {real, virtual},
    ...,
    [[
    mpe-Reporting-FR2-r16               SetupRelease { MPE-Config-FR2-r16 }                     OPTIONAL     -- Need M
    ]],
    [[
    mpe-Reporting-FR2-r17               SetupRelease { MPE-Config-FR2-r17 }                     OPTIONAL,    -- Need M
    twoPHRMode-r17                      ENUMERATED {enabled}                                    OPTIONAL     -- Need R
    ]],
	[[
	phr-AssumedPUSCH-Reporting-r18			ENUMERATED {enabled}                                    OPTIONAL     -- Need R
	]]
}

MPE-Config-FR2-r16 ::=              SEQUENCE {
    mpe-ProhibitTimer-r16               ENUMERATED {sf0, sf10, sf20, sf50, sf100, sf200, sf500, sf1000},
    mpe-Threshold-r16                   ENUMERATED {dB3, dB6, dB9, dB12}
}

MPE-Config-FR2-r17 ::=              SEQUENCE {
    mpe-ProhibitTimer-r17               ENUMERATED {sf0, sf10, sf20, sf50, sf100, sf200, sf500, sf1000},
    mpe-Threshold-r17                   ENUMERATED {dB3, dB6, dB9, dB12},
    numberOfN-r17                       INTEGER(1..4),
    ...
}

-- TAG-PHR-CONFIG-STOP
-- ASN1STOP
We would first like to confirm that the following understanding is shared by companies.
Proposal 2: RAN2 to confirm that the UE is only required to report a single PHR format on any serving cell.
The second thing that we like to note is that the PHR configuration is a per-MAC entity configuration an applies to all serving cells. 
Observation 8: PHR-Config is per-MAC entity configuration an applies to all serving cells, i.e., the UE is applying the same PHR reporting configuration for all serving cells. 
Note that RAN1 already determined the conditions for when the UE applies assumed PUSCH reporting:
	⦁	In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
⦁	DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
⦁	In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.


Thus, one suggestion in the running CR was to include an E field to indicate the PHR format the UE is reporting per-cell. Another was to add zeros in place of PCMAX,f,c m (assumed PUSCH) for simplicity at the cost of higher MAC CE overhead. In this case, we prefer the second solution which has higher overhead to simplify the reporting of MAC CE at the UE. 
Proposal 3: UE does not use a variable length MAC CE format for reporting a Multiple Entry PHR with assumed PUSCH when configured. Instead, UE fills the PCMAX, f,c m (assumed PUSCH) field with zeros (reserved bits) when assumed PUSCH reporting is not applicable for the serving cell.
Conclusion
Observation 1: RAN4 is currently discussing extending the UE indication of a power class change to a change in ULFPTx and UL rank as well. 
Observation 2: ULFPTx capability has a simple indication for mode 0 and mode 1, but requires a more involved indications on SRS resources and TPMI group(s) in Mode 2. 
Observation 3: MPE field in MAC CE is only used for FR2, the MAC spec. indicates it is otherwise reserved whereas UE power class change event happens in FR1.
Observation 4: If only ΔPPowerClass needs to be indicated to the NW, RAN2 may reuse the MPE field (2 bits) in FR1 to report ΔPPowerClass. This would however mean that the aperiodic PHR MAC CE would have a new trigger in the MAC spec. 
Observation 5: Legacy PHR MAC CE cannot be used to indicate ΔPPowerClass. if more than two bits (per-serving cell) are needed. 
Observation 6: A new MAC CE can be used to indicate ΔPPowerClass along with ULFPTx capability change and UL rank, if agreed by RAN4. The MAC CE trigger would be a change in UE power class. This MAC CE can have a single and multi-entry formats like PHR.
Observation 7: UAI framework can be reused to inform the NW of a change of power class, ULFPTx capability or UL rank at the UE. However, unlike traditional UAI framework the UE would inform the NW of an action the UE has already undertaken not a requested configuration.
Proposal 1: RAN2 to discuss how UE can indicate information related to power class change to the gNB (to be further specified by RAN4) between the following options:
· Option 1: Reuse PHR MAC CE and add new triggers.
· Option 2: A new power class change MAC CE.
· Option 3: New RRC signalling is introduced, e.g., UAI.
Proposal 2: RAN2 to confirm that the UE is only required to report a single PHR format on any serving cell.
Observation 8: PHR-Config is per-MAC entity configuration an applies to all serving cells, i.e., the UE is applying the same PHR reporting configuration for all serving cells. 
Proposal 3: UE does not use a variable length MAC CE format for reporting a Multiple Entry PHR with assumed PUSCH when configured. Instead, UE fills the PCMAX, f,c m (assumed PUSCH) field with zeros (reserved bits) when assumed PUSCH reporting is not applicable for the serving cell.
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