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1	Introduction
RAN2#116bis-e started discussion on the MPE reporting for FeMIMO, with email discussion [[AT116bis-e][059] focusing on the MPE impacts, but eventually it was only possible to conclude on the following (which was proposal 0 in the discussion report R2-2201719):
MPE: 
Request the following further information from RAN1: A) How many resources (i.e. SSBRI/CRI ) can be configured in mpe-ResourcePool, and whether the resources are per BWP? B) For mTRP, does UE indicate CORESET pool ID, SRS resource set ID or something else in the mTRP PHR? C) Is the PCMax,f,c needed, and if yes is it included per indicated SSBRI/CRI value, or is it cell-specific?

The additional proposals from the discussion report R2-2201719 below were briefly discussed but with no conclusion:
Proposal 1: Use the MPE RRC configuration from R2-2201058 as baseline (pending RAN1 LS reply).
Proposal 2: Create PHR MAC CE (new MAC CE with eLCID) with MPE information, which contains at least MPE-field (including P-bit as in legacy) and SSBRI/CRI-field for the MPE information. Reserve (as baseline) 1 octet for the SSBRI/CRI in MAC CE. 
[bookmark: _Hlk94003938]Proposal 3: Create a single new MAC CE for mTRP PHR, which contains information for both TRPs and indicates which TRP ID is used (FFS how this is indicated). FFS whether additional PHR triggering conditions are defined for mTRP.
Proposal 5: FFS how to define PHR MAC CE for the case of mTRP PHR with MPE reporting (if RAN1 indicates it is allowed).
We continue the discussion on how to approach the PHR MAC CE by illustrating Stage-3 details for the MPE reporting. We note that the sections 2.1 and 2.2 are adapted from R2-2201058, but are slightly shortened to avoid repeating the same discussion as before.
2	Rel-17 PHR reporting with MPE
2.1	L1 design for Rel-17 PHR reporting with MPE
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-MPR values. This requires changes to both specifications, which we discuss in the following sections.
2.2	PHR reporting with MPE: RRC configuration
The baseline RRC configuration for the MPE was already proposed in R2-2201058, and is shown 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


As per discussion [AT116bis-e][059] report in R2-2201719, most companies were fine using this as baseline, but RAN2 also sent the LS R2-2202002 to request further information on e.g. MPE pool definition, it's best to wait for that until proceeding. Still, using this as baseline until RAN1 information is received seems still reasonable. However, some modifications are likely needed:
1) Making the MPE pool cell-specific (instead of cell group - specific) requires moving the MPE resource pool to (e.g.) ServingCellConfig - this also removes need to indicate serving cell IDs for MPE usage
2) The MPE pool should only be configured for FR2 serving cells (which can be accomplished using RRC conditions)
Taking the above into account makes the proposal look as shown below.
ServingCellConfig ::=               SEQUENCE {
--UNNECESSARY FIELDS OMITTED
    ]],
    [[
    mpe-Reporting-FR2-r17               SetupRelease { MPE-Config-FR2-r17 }                     OPTIONAL     -- Cond FR2
    ]]
}

MPE-Config-FR2-r17 ::=              SEQUENCE {
    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


Proposal 1: RAN2 to use the modified RRC configuration for MPE (within ServingCellConfig as per above) as baseline for MPE RRC configuration.
2.3	PHR reporting with MPE in MAC CE design
The basic MPE design for MAC CE was already discussed, and here we focus on illustrating one example MAC CE design and rationale behind it: We take the following as baseline assumptions:
1) Define new MAC CE with eLCID to contain the PHR with Rel-17 MPE reporting 
2) UE shall always use the Rel-17 PHR format if the Rel-17 MPE configuration is provided.
3) One octet is reserved for the SSBRI/CRI (as baseline)
4) The new PHR contains at least the fields 1) P-bit, 2) MPE and 3) SSBRI/CRI.
Even though network indicates the maximum amount of reported MPE values (i.e. beams), it's up to UE what to report. This presents clear problems for multi-entry PHR as there can be many cells present, and even for the single-entry PHR (i.e. FR2 PCell), the MAC CE needs to indicate both the presence of beam information and the beam information itself. Since each serving cell may indicate 0-4 beams in the PHR, which requires the MAC CE to distinguish where PHR information for one cell ends and another one starts.  
Observation 2: The MPE reporting has to indicate the presence of beam information for each serving cell in some way.
One simple way would be to use one bit to indicate whether beam information is present, but as multi-entry PHR only has a single R-bit remaining, this is not that easy. The single-entry PHR does have a single R-bit, but since a new MAC CE is being created, it seems reasonable to define a new octet indicating the presence of beam information. 
Proposal 2: Use bitmap to indicate how many beams are present for each serving cell.
In summary, when considering all the so-far agreed information for the PHR with MPE (i.e. 1 octet for SSBRI/CRI, P-bit and 2 bits for MPE), the MAC CE design can be done as follows (with slightly different design for single-entry and multi-entry PHR).
NOTE: In case the SSBRI/CRI does not require a full octet, there is some additional leeway in the MAC CE design to shuffle some bits around, but that can only be done once RAN1 indicates the number of bits needed for the MPE pool maximum size.
Single-entry PHR: The grey part is legacy format (unchanged), while the yellow part indicates the presence of beam information, P-bit + corresponding MPE value work as in legacy, and the blue parts are the beam information. With this, the maximum PHR length is 8 octets if all 4 beams are reported.
[image: ]
Proposal 3a: If P_CMax,f,c is not included per beam (per serving cell) in the PHR with MPE, define the Rel-17 single-entry PHR with MPE to contain:
· Per cell, one octet for beam presence (4 bits) and P-bits (4 bits)
· Per cell, one octet for MPE information (for all beams, with 2 bits / beam)
· Per beam (if present), one octet per SSBRI/CRI of the beam
Multi-entry PHR (with 8 cells): The beam information contents can be similar to single-entry PHR, but there is a need to additionally separate whether each serving cell has beam information present or not: Since UE may report "0 beams" even if configured to report max 4 beams, indication of where MAC CE for one cell begins and another one stars is needed. In the below example, grey part is legacy format (unchanged), while the yellow part indicates the presence of beam information, P-bit + corresponding MPE value work as in legacy, and the blue parts are the beam information. The maximum size of the PHR becomes +1 octet (bitmap for beam information presence) +0-5 octets per reported serving cell (beam information), and is (with maximum 8 serving cells and 4 beams each) = 3 octets (bitmap + SpCell) +8*2 octets (legacy per cell information)  + 8*5 octets (4 beams per cell) = 59 octets in total.
NOTE: The design the PHR with 32 cells is similar but is omitted from this contribution to avoid long descriptions of MAC CEs - the same design principles as in 8-cell PHR apply to the 32-cell multi-entry PHR.
[image: ]
Proposal 3b: If P_CMax,f,c is not included per beam (per serving cell) in the PHR with MPE, define the Rel-17 multi-entry PHR with MPE to contain:
· Per PHR, one octet for bitmap indicating which serving cells have beam information present (8 bits)
· Per cell, one octet for beam presence (4 bits) and P-bits (4 bits)
· Per cell, one octet for MPE information (for all beams, with 2 bits / beam)
· Per beam (if present), one octet per SSBRI/CRI of the beam
Finally, we would note that the above design is only valid if the per-beam P_CMax,f,c is not provided (which RAN2 is asking from RAN1 in R2-2202002). In case the P_CMax,f,c per beam is adopted, more bits per beam are required, and the design needs to be adapted to this. Since the P_CMax,f,c requires 5 bits (per beam) to incorporate, this will increase the size of each beam signalling, likely requiring at least one more octet per beam to be signalled. 
Observation 3: Signalling P_CMax,f,c per beam will require different MAC CE design.
We illustrate one possible option for these PHR formats below (with similar highlighting as above).
Single-entry PHR (with PCMax,f,c per beam): 
[image: ]
Proposal 4a: If P_CMax,f,c is included per beam (per serving cell) in the PHR with MPE, define the Rel-17 single-entry PHR with MPE to contain:
· Per cell, one octet for beam presence (4 bits, with 4 bits left as R-bits) 
· Per beam (if present), one octet per cell indicating P-bit, MPE information and P_CMax,f,c
· Per beam (if present), one octet per SSBRI/CRI for each beam that is present
Multi-entry PHR (with PCMax,f,c per beam): 
[image: ]
Observation 4: If P_CMax,f,c is included in the PHR with MPE, the legacy PHR structure can be followed more closely but there is still a need to distinguish how many beams are reported.
Proposal 4b: If P_CMax,f,c is included per beam (per serving cell) in the PHR with MPE, define the Rel-17 multi-entry PHR with MPE to contain:
· Per PHR, one octet for bitmap indicating which serving cells have beam information present (8 bits)
· Per cell, one octet for beam presence (4 bits, with 4 bits left as R-bits) 
· Per beam (if present), one octet per cell indicating P-bit, MPE information and P_CMax,f,c
· Per beam (if present), one octet per SSBRI/CRI for each beam that is present
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: The MPE reporting has to indicate the presence of beam information for each serving cell in some way.
Observation 3: Signalling P_CMax,f,c per beam will require different MAC CE design.
Observation 4: If P_CMax,f,c is included in the PHR with MPE, the legacy PHR structure can be followed more closely but there is still a need to distinguish how many beams are reported.
And proposed the following:
Proposal 1: RAN2 to use the modified RRC configuration for MPE (within ServingCellConfig as per above) as baseline for MPE RRC configuration.
Proposal 2: Use bitmap to indicate how many beams are present for each serving cell.
Proposal 3a: If P_CMax,f,c is not included per beam (per serving cell) in the PHR with MPE, define the Rel-17 single-entry PHR with MPE to contain:
· Per cell, one octet for beam presence (4 bits) and P-bits (4 bits)
· Per cell, one octet for MPE information (for all beams, with 2 bits / beam)
· Per beam (if present), one octet per SSBRI/CRI of the beam
Proposal 3b: If P_CMax,f,c is not included per beam (per serving cell) in the PHR with MPE, define the Rel-17 multi-entry PHR with MPE to contain:
· Per PHR, one octet for bitmap indicating which serving cells have beam information present (8 bits)
· Per cell, one octet for beam presence (4 bits) and P-bits (4 bits)
· Per cell, one octet for MPE information (for all beams, with 2 bits / beam)
· Per beam (if present), one octet per SSBRI/CRI of the beam
Proposal 4a: If P_CMax,f,c is included per beam (per serving cell) in the PHR with MPE, define the Rel-17 single-entry PHR with MPE to contain:
· Per cell, one octet for beam presence (4 bits, with 4 bits left as R-bits) 
· Per beam (if present), one octet per cell indicating P-bit, MPE information and P_CMax,f,c
· Per beam (if present), one octet per SSBRI/CRI for each beam that is present
Proposal 4b: If P_CMax,f,c is included per beam (per serving cell) in the PHR with MPE, define the Rel-17 multi-entry PHR with MPE to contain:
· Per PHR, one octet for bitmap indicating which serving cells have beam information present (8 bits)
· Per cell, one octet for beam presence (4 bits, with 4 bits left as R-bits) 
· Per beam (if present), one octet per cell indicating P-bit, MPE information and P_CMax,f,c
· Per beam (if present), one octet per SSBRI/CRI for each beam that is present
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image5.emf
Bit position 1 2 3 4 5 6 7 8

Octet 1 P R

Octet 2

Octet 3 B1 B2 B3 B4 P1 P2 P3 P4 Bi = beam i present, Pi = P-bit for beam i

Octet 4 MPEi = MPE information beam i

Octet 5 Only present if B1 = 1

Octet 6 Only present if B2 = 1

Octet 7 Only present if B3 = 1

Octet 8 Only present if B4 = 1 SSBRI or CRI, beam 4

SSBRI or CRI, beam 3

SSBRI or CRI, beam 2

PH (Type 1, PCell)

Legacy PHR format (unchanged)

MPE or R P_CMAX,f,c

MPE1 or R

SSBRI or CRI, beam 1

MPE2 or R MPE3 or R MPE4 or R


image6.emf
Bit position 1 2 3 4 5 6 7 8

Octet 1 C7 C6 C5 C4 C3 C2 C1 R Cx = information for serving cell x is present, C0 = PCell

Octet 2 B7 B6 B5 B4 B3 B2 B1 B0 Bx = beam information for serving cell x is present, B0 = PCell

Octet 3 P V

Octet 4

Octet 5 P V

Octet 6

Octet 7 B1 B2 B3 B4 P1 P2 P3 P4 Bi = beam i present, Pi = P-bit for beam i

Octet 8 MPEi = MPE information beam i

Octet 9 Only present if B1 = 1

Octet 10 Only present if B2 = 1

Octet 11 Only present if B3 = 1

Octet 12 Only present if B4 = 1

Octet 13 P V

Octet 14

Octet 15 B1 B2 B3 B4 P1 P2 P3 P4 Bi = beam i present, Pi = P-bit for beam i

Octet 16 MPEi = MPE information beam i

Octet 17 Only present if B1 = 1

Octet 18 Only present if B2 = 1

Octet 19 Only present if B3 = 1

Octet 20 Only present if B4 = 1

….

Octet X-1 P V

Octet X

Octet X+1 B1 B2 B3 B4 P1 P2 P3 P4 Bi = beam i present, Pi = P-bit for beam i

Octet X+2 MPEi = MPE information beam i

Octet X+3 Only present if B1 = 1

Octet X+4 Only present if B2 = 1

Octet X+5 Only present if B3 = 1

Octet X+6 Only present if B4 = 1

SSBRI or CRI, beam 3, Serving Cell 1

SSBRI or CRI, beam 4, Serving Cell 1

Legacy fields (Serving cell n)

PH (Type X, Serving Cell n)

MPE or R P_CMAX,f,c M

MPE1 or R MPE2 or R MPE3 or R MPE4 or R

SSBRI or CRI, beam 1, Serving Cell 1

SSBRI or CRI, beam 2, Serving Cell 1

…

SSBRI or CRI, beam 1, Serving Cell 1

SSBRI or CRI, beam 2, Serving Cell 1

SSBRI or CRI, beam 3, Serving Cell 1

SSBRI or CRI, beam 4, Serving Cell 1

PH (Type X, Serving Cell 1)

Legacy fields (Serving cell 1)

MPE or R P_CMAX,f,c 3

MPE1 or R MPE2 or R MPE3 or R MPE4 or R

MPE1 or R MPE2 or R MPE3 or R MPE4 or R

SSBRI or CRI, beam 1, PCell

SSBRI or CRI, beam 2, PCell

SSBRI or CRI, beam 3, PCell

SSBRI or CRI, beam 4, PCell

Bit positions

PH (Type 2, SpCell of the other MAC entity, TRP1)

Legacy fields (SpCell of other MAC entity)

MPE or R P_CMAX,f,c

PH (Type 1, PCell)

Legacy fields ( PCell)

MPE or R P_CMAX,f,c 2


image7.emf
Bit position 1 2 3 4 5 6 7 8

Octet 1 P R

Octet 2

Octet 3 B1 B2 B3 B4 R R R R Bi = beam i present

Octet 4 P1

Octet 5

Octet 6 P2

Octet 7

Octet 8 P3

Octet 9

Octet 10 P4

Octet 11

SSBRI or CRI, beam 3, PCell

MPE4 or R P_CMax,f,c, beam 4

SSBRI or CRI, beam 4, PCell

Only present if B1 = 1. If P1=1, MPE1 is present

Only present if B2 = 1. If P2=1, MPE2 is present

Only present if B3 = 1. If P3=1, MPE3 is present

Only present if B4 = 1. If P4=1, MPE4 is present

SSBRI or CRI, beam 1, PCell

SSBRI or CRI, beam 2, PCell

MPE2 or R P_CMax,f,c, beam 2

MPE3 or R P_CMax,f,c, beam 3

PH (Type 1, PCell)

Legacy PHR format (unchanged)

MPE or R P_CMAX,f,c

MPE1 or R P_CMax,f,c, beam 1
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Bit position 1 2 3 4 5 6 7 8

Octet 1 C7 C6 C5 C4 C3 C2 C1 R Cx = information for serving cell x is present, C0 = PCell

Octet 2 B7 B6 B5 B4 B3 B2 B1 B0 Bx = beam information for serving cell x is present, B0 = PCell

Octet 3 P V

Octet 4

Octet 5 P V

Octet 6

Octet 7 R R R R B1 B2 B3 B4 Bi = beam i present

Octet 8 P1

Octet 9

Octet 10 P2

Octet 11

Octet 12 P3

Octet 13

Octet 14 P4

Octet 15

Octet 16 P V

Octet 17

Octet 18 R R R R B1 B2 B3 B4

Octet 19 P1

Octet 20

Octet 21 P2

Octet 22

Octet 23 P3

Octet 24

Octet 25 P4

Octet 26

….

Octet X-1 P V

Octet X

Octet X+1 P1

Octet X+2

Octet X+3 P2

Octet X+4

Octet X+5 P3

Octet X+6

Octet X+7 P4

Octet X+8

Only present if B2 = 1. If P2=1, MPE2 is present

Only present if B3 = 1. If P3=1, MPE3 is present

Only present if B4 = 1. If P4=1, MPE4 is present

MPE1 or R P_CMax,f,c, beam 1

SSBRI or CRI, beam 1, PCell

MPE2 or R P_CMax,f,c, beam 2

MPE3 or R P_CMax,f,c, beam 3

MPE4 or R P_CMax,f,c, beam 4

SSBRI or CRI, beam 4, PCell

Only present if B1 = 1. If P1=1, MPE1 is present

Only present if B2 = 1. If P2=1, MPE2 is present

Only present if B3 = 1. If P3=1, MPE3 is present

Only present if B4 = 1. If P4=1, MPE4 is present

Only present if B1 = 1. If P1=1, MPE1 is present

Only present if B2 = 1. If P2=1, MPE2 is present

Only present if B3 = 1. If P3=1, MPE3 is present

Only present if B4 = 1. If P4=1, MPE4 is present

Only present if B1 = 1. If P1=1, MPE1 is present

SSBRI or CRI, beam 2, PCell

SSBRI or CRI, beam 3, PCell

P_CMax,f,c, beam 1 MPE1 or R

MPE2 or R P_CMax,f,c, beam 2

MPE3 or R P_CMax,f,c, beam 3

MPE4 or R P_CMax,f,c, beam 4

MPE1 or R P_CMax,f,c, beam 1

SSBRI or CRI, beam 1, PCell

MPE2 or R P_CMax,f,c, beam 2

SSBRI or CRI, beam 2, PCell

MPE3 or R P_CMax,f,c, beam 3

MPE4 or R P_CMax,f,c, beam 4

SSBRI or CRI, beam 4, PCell

…

PH (Type X, Serving Cell n)

Legacy fields (Serving cell n)

MPE or R P_CMAX,f,c M

Legacy fields (Serving cell 1)

MPE or R P_CMAX,f,c 3

SSBRI or CRI, beam 3, PCell

SSBRI or CRI, beam 1, PCell

SSBRI or CRI, beam 2, PCell

SSBRI or CRI, beam 3, PCell

SSBRI or CRI, beam 4, PCell

PH (Type X, Serving Cell 1)

Bit positions

PH (Type 2, SpCell of the other MAC entity, TRP1)

Legacy fields (SpCell of other MAC entity)

MPE or R P_CMAX,f,c

PH (Type 1, PCell)

Legacy fields ( PCell)

MPE or R P_CMAX,f,c 2


