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1	Introduction
The email discussion [116e][086] discussed the main details of FeMIMO work, but didn't elaborate much on the mTRP-specific aspects, nor was there any discussion on RRC/MAC details of MPE. The running CR in R2-2200016 does have the basic MPE configuration aspects considered (see Annex A), but most were never discussed or commented to as the discussion focused on high-level details first. Hence, we discuss the design of MPE and mTRP for Rel-17 FeMIMO context in further details.
2	Rel-17 PHR reporting
2.1	L1 design for Rel-17 MPE reporting
RAN1 has agreed to extend the MPE reporting with up to 4 P-MPR values, each corresponding to a particular candidate beam, identified by either SSBRI or CRI. The intent is to allow UE to report whether some candidate beams could have lower P-MPR (e.g. due to hand not covering some of the UE panels) among a given set of beams (i.e. SSB or CSI-RS). The current L1 specifications (see excerpt from TS38.212 below) identify the CSI/SSBRI according to the number of entries in the corresponding CSI-SSB or NZP-CSI-RS ResourceSets, we can look at the maximum number of allowed SSB/CSI-RS signals in each set.  Currently the RRC configuration allows for up to 64 SSB or CSI-RS resources per corresponding resource set, which means that 7 bits (i.e. 6 bits for SSB, 6 bits for CSI-RS) would be sufficient to cover any configuration, even if the MAC CE would indicate the exact CRI or SSBRI. The exact number of how many resources can be in the "pool" of beams for MPE is not yet decided in RAN1, but we assume it would be at most 64+64=128 (=27), which is the maximum amount of CSI-RS and SSB resources than can be configured for a serving cell.
	The bitwidth for CRI, SSBRI, RSRP, and differential RSRP are provided in Table 6.3.1.1.2-6.
Table 6.3.1.1.2-6: CRI, SSBRI, and RSRP
	Field
	Bitwidth

	CRI
	


	SSBRI
	


	RSRP
	7

	Differential RSRP
	4




where  is the number of CSI-RS resources in the corresponding resource set, and  is the configured number of SS/PBCH blocks in the corresponding resource set for reporting 'ssb-Index-RSRP'.


Table 1. Excerpt from TS38.212 on CRI/SSBRI bitwidth calculation
Observation 1: Reporting CRI or SSBRI requires 6 bits in Rel-15, so the Rel-17 P-MPR reporting requires 6-7 for the SSBRI/CRI signalling MAC CE.

The MPE signalling impacts both RRC and MAC: RRC configuration is needed to allow the P-MPR reporting, and MAC CE needs to signal the additional (beam-specific) P-MPRE values. This requires changes to both specifications, which we discuss in the following sections.
2.2	MPE reporting in RRC 
L1 parameters for MPE have been taken into account in the running RRC CR for FeMIMO in R2-2200016, except for the MPE resource pool for which the maximum number of entries was not yet known. The basic structure seems reasonable, but we would note a few points:
· The MPE resource pool structure needs to be defined - it's supposed to contain the SSB/CSI-RS resources used for the P-MPR reporting. in the L1 parameters it is stated that "Detailed design (location, etc.) is up to RAN2", which we understand to mean that whether the resource pool is e.g. per BWP or per cell is up to RAN2 to determine. Since both the CSI-RS and SSB configurations are per cell, it seems reasonable to consider also the MPE resource pool to be per cell (note also that the PHR configuration is also given as part of CellGroupConfig, which can contain cell-specific information).
· Duplication of Rel-16 elements seems unnecessary: If the MPE is configured, it's sufficient to add the "new" elements and not duplicate the prohibit timer and MPE threshold. This allows to release only the Rel-17 parts of the configuration and avoids questions such as what would happen if both Rel-16 and Rel-17 MPE reporting were both configured?
· Extendibility should be allowed for the Rel-17 MPE configuration as it was accidentally omitted from the Rel-16 IE. Therefore, ellipsis should be added to the Rel-17 MPE IE.
· UE capabilities for the MPE reporting are expected to be discussed in RAN1 but from RAN2 perspective, it seems reasonable that the UE capable of Rel-17 P-MPR reporting for MPE is also capable of Rel-16 P-MPR reporting for MPE.
Observation 2: Rel-17 MPE configuration need not duplicate the Rel-16 MPE configuration.
Proposal 1: RRC configuration for Rel-17 MPE shall be extendible without duplicating the Rel-16 fields.
Proposal 2: The Rel-17 MPE resource pool is cell-specific configuration.
L1 parameters for MPE have been taken into account in the running RRC CR for FeMIMO in R2-2200016, except for the MPE resource pool for which the maximum number of entries was not yet known. We illustrate the proposed configuration based on above proposals below.
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
    ]]
}

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-ServingCellConfig-r17           MPE-ServingCellConfig-r17
    ...
}

MPE-ServingCellConfig-r17 ::=               SEQUENCE {
    servCellIndex-r17                   ServCellIndex,
    numberOfN-r17                       INTEGER{1..4},
    mpe-ResourcePool-r17                SEQUENCE (SIZE(1..maxMPE-Resources-r17)) OF MPE-Resource-r17,
    ...
}

MPE-Resource-r17 ::=               SEQUENCE {
    mpe-ResourceId-r17              INTEGER (1..maxMPE-Resources-r17),
    mpe-ReferenceSignal-r17         CHOICE {   
        csi-RS-Resource-r17            NZP-CSI-RS-ResourceId,
        ssb-Resource-r17               SSB-Index
   }
}

maxMPE-Resources-r17               INTEGER ::= 64   -- Maximum number of pooled MPE resources


The above structure uses the existing NZP-CSI-RS and SSB configurations as indices, which are configured as part of CSI-SSB-ResourceSet and allows MAC to just refer to the reported P-MPR using the value of the field mpe-ResourceId-r17. The configuration is put as part of PHR-Config since the existing MPE configuration is there, but since cell-specific configurations are typically part of ServingCellConfig, the cell-specific parts could also be added there.
Proposal 3: RAN2 to discuss whether to define the (cell-specific) configuration of MPE resource pool in PHR-Config or in ServingCellConfig.
2.3	MPE reporting in MAC
The basic MAC design question is how to apply the MPE reporting. Since in Rel-16, the MPE reporting was included (after a long discussion) as part of the PHR MAC CE as this was seen as be the simplest option by several companies. This also led to the MPE reporting triggers to be specified as part of the PHR procedures. Given that RAN1 is now extending the Rel-16 MPE reporting, it seems reasonable to consider the following as baseline assumptions:
1) Rel-17 MPE reporting is added to the PHR MAC CE, extending the Rel-16 MPE reporting.
2) UE supporting Rel-17 MPE reporting shall also support Rel-16 MPE reporting. 
3) UE shall always the Rel-17 PHR format if the Rel-17 MPE configuration is provided.
Proposal 4: Rel-17 MPE reporting is added to PHR MAC CE as extension to Rel-16 MPE reporting. UE shall always use the Rel-17 P-MPR reporting format when the Rel-17 MPE configuration is provided. 
Next, the PHR content needs to be considered. As per RAN1 decisions, UE is configured in RRC with the "MPE resource pool" (see previous section), and network can indicate how for many additional beams UE can report P-MPR in PHR, which requires both the P-bit and MPE fields. For beam identification, UE needs to indicate the "MPE resource" index in the MAC CE, and for the P-MPR to be useful, also the PCMAX,f,c needs to be included. But given that all of these beams are (by nature) "virtual", it seems that there is no need to include the V-bit for any of the beams. 
Proposal 5: The Rel-17 PHR MAC CE should indicate 0-4 instances of "beam information", with each "beam information" containing P-bit, 2-bit MPE field, beam identification field and PCMAX,f,c field.
For the "beam identification field", we would propose to initially reserve 6 bits for the CRI/SSBRI signalling as that fits the existing maximum values for SSB and CSI-RS. 
Proposal 6: Reserve 6 bits for the CRI/SSBRI (i.e. beam index) reporting for the Rel-17 PHR MAC CE. The field indicates the resource index configured in RRC for the MPE resource pool.
Finally, the same changes need to be done for all the three different PHR formats: single-entry PHR, multi-entry PHR with max 8 cells and multi-entry PHR with max 32 cells. We propose to (at least attempt) to align the basic MAC CE design for all of these if at all possible.
Proposal 7: Align the design of single-entry and multi-entry formats of PHR MAC CE for Rel-17 P-MPR reporting.
2.4	PHR reporting for mTRP
The mTRP design also necessitates the addition of additional information into PHR reports: Notably, RAN1 has decided that PHR reporting should be allowed to indicate PHR for TRP1 and TRP2 when (multi-DCI) multi-TRP is configured. Since this has the potential to conflict with the MPE information, some care needs to be taken in defining the PHR with both information contents. 
Observation 3: Rel-17 Multi-TRP requires UE to duplicate the existing PH report for each serving cell using mTRP, i.e. the fields P, PH,  (MPE or R) and PCMAX,f,c for both TRP1 and TRP2.
The basic design for single-entry PHR is quite simple, and is shown in Figure 1 below. It consists of simply repeating the information contents already in the PHR.
[image: ]
Figure 1. Single-entry PHR for Rel-17 mTRP 
Observation 4: Addition of mTRP-based reporting adds a fixed 2 octet overhead per reported serving cell to PHR MAC CE. 
As is noted in the R2-2200016, it's not clear whether the MPE information can also be reported for mTRP cases. However, this is obviously possible at the cost of additional overhead, as UE would have to repeat all the MPE information for each TRP. Once RAN1 has confirmed on whether these two features can be used together, the merging of both can be better discussed. However, we assume the basic design can still be done assuming both can be configured together.
Observation 8: Addition of mTRP-based reporting adds a fixed 2 octet overhead per reported serving cell to PHR MAC CE. Combining with MPE reporting can be done without large complexity increase.
Proposal 8: RAN2 to design PHR MAC CE so that mTRP and MPE reporting can be included at the same time. If RAN1 indicates this is not possible, RRC configuration can include restriction that Rel-17 P-MPR reporting and  Rel-17 mTRP cannot be configured at the same time. 
Finally, we would that RRC still requires configuration for the UE to use this PHR reporting. this can be done in a fairly simple manner as shown below with green highlighting (with the baseline RRC including also the MPE configuration as shown in 2.2):
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
    ]],
    [[
    trp-SpecificPHR-r17                 ENUMERATED {true}                                      OPTIONAL,     -- Need R
    mpe-Reporting-FR2-r17               SetupRelease { MPE-Config-FR2-r17 }                     OPTIONAL     -- Need M
    ]]
}

Proposal 9: Adopt explicit RRC configuration of TRP-specific PHR within PHR-Config.
3	Conclusion
This documents has made the following observations:
Observation 1: Reporting CRI or SSBRI requires 6 bits in Rel-15, so the Rel-17 P-MPR reporting requires 6-7 for the SSBRI/CRI signalling MAC CE.
Observation 2: Rel-17 MPE configuration need not duplicate the Rel-16 MPE configuration.
Observation 3: Rel-17 Multi-TRP requires UE to duplicate the existing PH report for each serving cell using mTRP, i.e. the fields P, PH,  (MPE or R) and PCMAX,f,c for both TRP1 and TRP2.
Observation 4: Addition of mTRP-based reporting adds a fixed 2 octet overhead per reported serving cell to PHR MAC CE. 
And proposed the following:
Proposal 1: RRC configuration for Rel-17 MPE shall be extendible without duplicating the Rel-16 fields.
Proposal 2: The Rel-17 MPE resource pool is cell-specific configuration.
Proposal 3: RAN2 to discuss whether to define the (cell-specific) configuration of MPE resource pool in PHR-Config or in ServingCellConfig.
Proposal 4: Rel-17 MPE reporting is added to PHR MAC CE as extension to Rel-16 MPE reporting. UE shall always use the Rel-17 P-MPR reporting format when both the Rel-16 and Rel-16 MPE configuration are provided. 
Proposal 5: The Rel-17 PHR MAC CE should indicates 0-4 "beam information" contents, with each "beam information" containing P-bit, 2-bit MPE field, beam identification field and PCMAX,f,c field.
Proposal 6: Reserve 6 bits for the CRI/SSBRI (i.e. beam index) reporting for the Rel-17 PHR MAC CE. The field indicates the resource index configured in RRC for the MPE resource pool.
Proposal 7: Align the design of single-entry and multi-entry formats of PHR MAC CE for Rel-17 P-MPR reporting.
Proposal 8: RAN2 to design PHR MAC CE so that mTRP and MPE reporting can be included at the same time. If RAN1 indicates this is not possible, RRC configuration can include restriction that Rel-17 P-MPR reporting and  Rel-17 mTRP cannot be configured at the same time. 
[bookmark: _Toc60777305][bookmark: _Toc83740260]Proposal 9: Adopt explicit RRC configuration of TRP-specific PHR within PHR-Config.








Annex A: Proposed MPE configuration in R2-2200016
–	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
    ]]
}

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}
    mpe-ResourcePool-r17                FFS
}

--Editor’s note: mpeResourcePool should contain SSB/CSI-RS resource pool for P-MPR reporting but value range is TBD. 


-- TAG-PHR-CONFIG-STOP
-- ASN1STOP


	PHR-Config field descriptions

	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.

	mpe-ResourcePool
List of SSB/CSI-RS resources for P-MPR reporting. FFS further details

	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.
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Bit position 1 2 3 4 5 6 7 8

Octet 1 P V

Octet 2

+1 octet P V

+1 octet

PH (Type 1, PCell, TRP2)

MPE or R P_CMAX,f,c, TRP2

PH (Type 1, PCell, TRP1)

MPE or R P_CMAX,f,c, TRP1


