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1	Introduction
The following agreements had been made in the previous meeting in terms of PHR for FeMIMO [1]:
	P1, P2, P3, P4 are agreed
P5: The proposed MAC CE is the baseline 
For MPE MAC CE, Beam presence indication (i.e. Bi field) is needed and indicates the presence of {SSBRI/CRI new MPE/R} for this beam.
If PHR is transmitted towards a MAC entity NOT configured with twoPHRMode (LTE or NR), 
Legacy PHR MAC CE is generated. 
For all Serving Cells across the different MAC entities:
- UE should report one PH value for all serving cells
If PHR is transmitted towards a MAC entity configured with twoPHRMode, 
Enhanced PHR MAC CE is generated.
For all Serving Cells of different MAC entities:
- UE should calculate/report one or two PH values for the serving cell belonging to the MAC entity which is configured with twoPHRMode, acc to P9.  
- UE should calculate/report one PH value for the serving cell belonging to the MAC entity which is not configured twoPHRMode.
gNB knows how many PH values are present in serving cell(s) in case of DC by being informed of configuration by inter-node message.
P8, P9, P12 are agreed
P13, 14 15 16 17 are agreed


In this contribution, we discuss the remaining issues on PHR for beam indication and for DC case.
2	Discussion
2.1	Beam indication
For beam indication, the following was discussed during the email discussion in [2]:
	MPE
Proposal 6: RAN2 discuss further whether the beam presence indication (i.e. Bi field) is needed (2/12)  or not (10/12).
Case 1: If beam presence indication (i.e. Bi field) is not needed
Proposal 7 (12/12): The MPE field with the associated SSBRI/CRI field could be located in one octet.
Case 2: If beam presence indication (i.e. Bi field) is needed
Proposal 7-1 (12/12): The MPE field with the associated SSBRI/CRI field could be located in one octet.
Proposal 7-2 (4/12): Add per PHR bitmap indicating which serving cells have beam information present after the Ci field as agreed last meeting.
Proposal 7-3 (4/12): Remove the separate octet for Bi/Pi for each serving cell, instead the two R bits in the SSBRI/CRI octet are used for P bit for this beam and E bit to indicate whether another beam information follows.


It was concluded that beam presence indication is needed (i.e. case 2), but there was no time to go into the details of P7-1/7-2/7-3 on how the PHR format should be like during the online session or during the CR review phase. 
As discussed in [3], current PHR format is rather non-optimal with separate Bi field for each cell as that byte would be needed even though there is no additional beam information to be reported. It should rather be a per PHR bitmap for all the serving cells then for the cells with beam information with E bit indicate whether further beam information follows as proposed in 7-2 and 7-3 during the email discussion.
Proposal 1: Add per PHR bitmap indicating which serving cells have beam information present after the Ci field as agreed last meeting.
Proposal 2: Remove the separate octet for Bi/Pi for each serving cell, instead the two R bits in the SSBRI/CRI octet are used for P bit for this beam and E bit to indicate whether another beam information follows.
2.2	PHR report for DC
It was agreed that when a MAC entity is not configured with twoPHRMode, then the UE reports only one PH for all the serving cells regardless if they are configured with mTRP PUSCH repetition. It is not clear how the UE would report such one PH value, e.g. whether the UE does some combination of the two PH but it would have rather significant RAN1 impact. While if the UE only report PH for one of the PUSCH transmission, it might not provide full picture to the NW and difficult for the NW to use dynamic power sharing. It should be possible for the NW to disable dynamic power sharing with semi-statically configured sum of Pmax for both cell groups not exceeding UE’s maximum power.
Currently it is possible for the UE implementation to omit PH values for cross cell group serving cells when the UE does not support power saving.
	For a band combination in which the UE does not support dynamic power sharing, the UE may omit the octets containing Power Headroom field and PCMAX,f,c field for Serving Cells in the other MAC entity except for the PCell in the other MAC entity and the reported values of Power Headroom and PCMAX,f,c for the PCell are up to UE implementation.


However, it seems impossible to disable cross cell group reporting when the NW does not intend to use dynamic power sharing. With the increase of the size of PHR format, it makes sense to allow NW to disable cross cell group PH reporting when the NW does not intend to use dynamic power sharing, thus it should not only depends on UE’s capability and left to UE implementation.
Proposal 3: It should be possible for the NW to disable cross cell group PH reporting.
Proposal 4: When cross cell group PH reporting is disabled, the UE only reports PH values for the serving cells of the corresponding cell group.
3	Conclusion
Remaining issues on PHR format for FeMIMO was discussed in this contribution with the following proposals proposed:
Proposal 1: Add per PHR bitmap indicating which serving cells have beam information present after the Ci field as agreed last meeting.
Proposal 2: Remove the separate octet for Bi/Pi for each serving cell, instead the two R bits in the SSBRI/CRI octet are used for P bit for this beam and E bit to indicate whether another beam information follows.
Proposal 3: It should be possible for the NW to disable cross cell group PH reporting.
Proposal 4: When cross cell group PH reporting is disabled, the UE only reports PH values for the serving cells of the corresponding cell group.
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Annex A: TP for MAC
[bookmark: _Toc109217718]6.1.3.49	Enhanced Multiple Entry PHR MAC CE
The Enhanced Multiple Entry PHR MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-2b. It has a variable size with following fields:
-	Ci: This field indicates the presence of PH field(s) for the Serving Cell with ServCellIndex i as specified in TS 38.331 [5]. The Ci field set to 1 indicates that PH field(s) for the Serving Cell with ServCellIndex i is reported. The Ci field set to 0 indicates that a PH field for the Serving Cell with ServCellIndex i is not reported;
-	R: Reserved bit, set to 0;
-	Bi: This field indicates whether any candidate beam information is present or not. If the B1 field is set to 1 for the serving cell with ServCellIndex i, the Bi field set to 1 indicates that at least one candidate beam information for the Serving Cell with ServCellIndex i is present. The Ci field set to 0 indicates that no candidate beam infomration for the Serving Cell with ServCellIndex i is not present..
-	V: This field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, the V field set to 0 indicates real transmission on PUSCH and the V field set to 1 indicates that a PUSCH reference format is used. For Type 2 PH, the V field set to 0 indicates real transmission on PUCCH and the V field set to 1 indicates that a PUCCH reference format is used. For Type 3 PH, the V field set to 0 indicates real transmission on SRS and the V field set to 1 indicates that an SRS reference format is used. Furthermore, for Type 1, Type 2, and Type 3 PH, the V field set to 0 indicates the presence of the octet containing the associated PCMAX,f,c field and the MPE field, and the V field set to 1 indicates that the octet containing the associated PCMAX,f,c field and the MPE field is omitted;
-	Power Headroom (PH): This field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1 (the corresponding measured values in dB for the NR Serving Cell are specified in TS 38.133 [11] while the corresponding measured values in dB for the E-UTRA Serving Cell are specified in TS 36.133 [12]);
-	P: If mpe-Reporting-FR2 is configured and the Serving Cell operates on FR2, the MAC entity shall set this field to 0 if the applied P-MPR value, to meet MPE requirements, as specified in TS 38.101-2 [15], is less than P-MPR_00 as specified in TS 38.133 [11] and to 1 otherwise. If mpe-Reporting-FR2 is not configured or the Serving Cell operates on FR1, this field indicates whether power backoff is applied due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]). The MAC entity shall set the P field to 1 if the corresponding PCMAX,f,c field would have had a different value if no power backoff due to power management had been applied;
-	PCMAX,f,c: If present, this field indicates the PCMAX,f,c (as specified in TS 38.213 [6]) for the NR Serving Cell and the PCMAX,c or P̃CMAX,c (as specified in TS 36.213 [17]) for the E-UTRA Serving Cell used for calculation of the preceding PH field. The reported PCMAX,f,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2 (the corresponding measured values in dBm for the NR Serving Cell are specified in TS 38.133 [11] while the corresponding measured values in dBm for the E-UTRA Serving Cell are specified in TS 36.133 [12]);
-	MPE: If mpe-Reporting-FR2 is configured, and the Serving Cell operates on FR2, and if the P field is set to 1, this field indicates the applied power backoff to meet MPE requirements, as specified in TS 38.101-2 [15]. This field indicates an index to Table 6.1.3.8-3 and the corresponding measured values of P-MPR levels in dB are specified in TS 38.133 [11]. The length of the field is 2 bits. If mpe-Reporting-FR2 is not configured, or if the Serving Cell operates on FR1, or if the P field is set to 0, R bits are present instead;
-	Bi: This field indicates whether the candidate beam information identified by either Resourcei is present or not. If the B1 field is set to 1, the first octet containing Resource1 is present and if the B2 field is set to 1, the second octet containing Resource2 is present, and so on.
-	Pi: If mpe-Reporting-FR2-r17 is configured and the Serving Cell operates on FR2, the MAC entity shall set this field to 0 if the applied P-MPR value for the corresponding candidate beam identified by Resourcei, to meet MPE requirements, as specified in TS 38.101-2 [15], is less than P-MPR_00 as specified in TS 38.133 [11] and to 1 otherwise;
-	E: This field indicates whether another candidate beam information follows for this serving cell. This field is set to 1 if another candidate beam informaiton follows and set to 0 if not. 
-	MPEi: If mpe-Reporting-FR2-r17 is configured, and the Serving Cell operates on FR2, and if the corresponding P i field is set to 1, this field indicates the applied power backoff to meet MPE requirements, as specified in TS 38.101-2 [15]. This field indicates an index to Table 6.1.3.8-3 and the corresponding measured values of P-MPR levels in dB are specified in TS 38.133 [11]. The length of the field is 2 bits. If mpe-Reporting-FR2-r17 is not configured, or if the Serving Cell operates on FR1, or if the P i field is set to 0, R bits are present instead;
-	Resourcei: This field indicates the candidate beam identified by by the number of entries in the corresponding mpe-ResourcePoolToAddModList as specified in TS 38.331 [5]. The length of this field 6 bits.
-	R: Reserved bit, set to 0.


[image: ]
Figure 6.1.3.49-1: Enhanced Multiple Entry PHR MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is less than 8
[bookmark: _Toc109217720]6.1.3.51	Enhanced Multiple Entry PHR for multiple TRP MAC CE
The Enhanced Multiple Entry PHR for multiple TRP MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-2b.
It has a variable size, and includes the bitmaps, a Type 2 PH field and an octet containing the associated PCMAX,f,c field (if reported) for SpCell of the other MAC entity, a Type 1 PH field and an octet containing the associated PCMAX,f,c field (if reported) for the PCell. It further includes, in ascending order based on the ServCellIndex, one or multiple of Type X PH fields and octets containing the associated PCMAX,f,c fields (if reported) for Serving Cells other than PCell indicated in the bitmap for indicating the presence of PH(s). X is either 1 or 3 according to TS 38.213 [6] and TS 36.213 [17].
The presence of Type 2 PH field for SpCell of the other MAC entity is configured by phr-Type2OtherCell with value true.
A single octet bitmap is used for indicating the presence of PH(s) per Serving Cell when the highest ServCellIndex of Serving Cell with configured uplink is less than 8, otherwise four octets are used.
The MAC entity determines whether PH value for an activated Serving Cell is based on real transmission or a reference format by considering the configured grant(s) and downlink control information which has been received until and including the PDCCH occasion in which the first UL grant for a new transmission that can accommodate the MAC CE for PHR as a result of LCP as defined in clause 5.4.3.1 is received since a PHR has been triggered if the PHR MAC CE is reported on an uplink grant received on the PDCCH or until the first uplink symbol of PUSCH transmission minus PUSCH preparation time as defined in clause 7.7 of TS 38.213 [6] if the PHR MAC CE is reported on a configured grant.
For a band combination in which the UE does not support dynamic power sharing, the UE may omit the octets containing Power Headroom field and PCMAX,f,c field for Serving Cells in the other MAC entity except for the PCell in the other MAC entity and the reported values of Power Headroom and PCMAX,f,c for the PCell are up to UE implementation. When crossCG-Reporting is configured as disabled, the UE shall omit the octets containing Power Headroom field and PCMAX,f,c field for Serving Cells in the other MAC entity.
…









Annex B: TP for RRC
[bookmark: _Toc60777305][bookmark: _Toc100930216]–	PHR-Config
The IE PHR-Config is used to configure parameters for power headroom reporting.
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
    crossCG-Reporting-r17               ENUMERATED {disabled}                                    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

	PHR-Config field descriptions

	crossCG-Reporting
Indicates that cross-CG PHR reporting is disabled for twoPHRMode, as specified in TS 38.321 [3]. Network only configures this field if twoPHRMode is configured.

	dummy
This field is not used in this version of the specification and the UE ignores the received value.

	mpe-ProhibitTimer
Value in number of subframes for MPE reporting, as specified in TS 38.321 [3]. Value sf10 corresponds to 10 subframes, and so on.

	mpe-Reporting-FR2
Indicates whether the UE shall report MPE P-MPR in the PHR MAC control element, as specified in TS 38.321 [3].

	mpe-Threshold
Value of the P-MPR threshold in dB for reporting MPE P-MPR when FR2 is configured, as specified in TS 38.321 [3]. The same value applies for each serving cell (although the associated functionality is performed independently for each cell).

	multiplePHR
Indicates if power headroom shall be reported using the Single Entry PHR MAC control element or Multiple Entry PHR MAC control element defined in TS 38.321 [3]. True means to use Multiple Entry PHR MAC control element and False means to use the Single Entry PHR MAC control element defined in TS 38.321 [3]. The network configures this field to true for MR-DC and UL CA for NR, and to false in all other cases.

	numberOfN
Number of reported P-MPR values in a PHR MAC CE.

	phr-ModeOtherCG
Indicates the mode (i.e. real or virtual) used for the PHR of the activated cells that are part of the other Cell Group (i.e. MCG or SCG), when DC is configured. If the UE is configured with only one cell group (no DC), it ignores the field.

	phr-PeriodicTimer
Value in number of subframes for PHR reporting as specified in TS 38.321 [3]. Value sf10 corresponds to 10 subframes, value sf20 corresponds to 20 subframes, and so on.

	phr-ProhibitTimer
Value in number of subframes for PHR reporting as specified in TS 38.321 [3]. Value sf0 corresponds to 0 subframe, value sf10 corresponds to 10 subframes, value sf20 corresponds to 20 subframes, and so on.

	phr-Tx-PowerFactorChange
Value in dB for PHR reporting as specified in TS 38.321 [3]. Value dB1 corresponds to 1 dB, dB3 corresponds to 3 dB and so on. The same value applies for each serving cell (although the associated functionality is performed independently for each cell).

	phr-Type2OtherCell
If set to true, the UE shall report a PHR type 2 for the SpCell of the other MAC entity. See TS 38.321 [3], clause 5.4.6. Network sets this field to false if the UE is not configured with an E-UTRA MAC entity.

	twoPHRMode
Indicates if the power headroom shall be reported as two PHRs (each PHR associated with a SRS resource set) is enabled or not.
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