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1 Introduction
RAN2 had started to study the MAC CE impacts on Rel-17 feMIMO in RAN2#116 meeting [1][2], and made following agreements:
· FFS if to Introduce the new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition i.e. activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC.
· RAN2 to discuss how to support PHR reporting for mTRP PUSCH repetition, and may address e.g:

New MAC CE design including the function which TRP is applied for PHR reporting.
How to incorporate the additional MPE information coming in Rel-17 to the new PHR format
Whether use legacy parameters (timer, threshold, etc.) or adding TRP specific parameters

PHR triggering conditions
· R2 assumes to revise the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field(s) to differentiate the TRP for mTRP PUSCH repetition. other aspects are FFS.
In addition, RAN1 sent LS [3] including the list of MAC CE impacts for all Rel-17 WIs [4], and there are some new MAC CEs for Rel-17 feMIMO based on RAN1 agreements. 
In this contribution, we discuss the required MAC impacts on feMIMO based on above RAN1/RAN2 agreements.
2 Discussion
According to the list of MAC CE impacts from RAN1 [4], following items which are briefly summarized should be considered from RAN2 (detail information of these MAC CEs are provided in [4]).
1. Enhanced BFR MAC CE (MTRP BM): MAC-CE indicating failed BFD-RS set indices and other failure recovery related information.
2. Enhanced TCI state indication for PDCCH MAC CE (HST SFN): Activating two TCI states for SFN-based PDCCH transmission.
3. Beam indication for unified TCI state MAC CE (Multi-beam): Activation of up to 8 TCI state codepoints for UE-dedicated channel/signals beam indication.
4. Enhanced PHR MAC CE for MPE mitigation (Multi-beam): Enhancements to facilitate MPE mitigation.
5. Enhanced PHR MAC CE for mTRP PUSCH repetition (mTRP PUCCH): PHR enhancements for mTRP PUSCH.

6. Two PUCCH spatial relation info activation/deactivation MAC CE (mTRP PUCCH): Activating two spatial relation info for mTRP PUCCH repetition.
7. Two PUCCH power control parameter set activation/deactivation MAC CE (mTRP PUCCH): Activating two power control parameter sets for mTRP PUCCH repetition.
8. Enhanced PUSCH Pathloss Reference RS Update MAC CE (mTRP PUCCH): When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set.
Among above required MAC CEs, both “Enhanced BFR MAC CE (MTRP BM)” and “Beam indication for unified TCI state MAC CE (Multi-beam)” are handled in our other contributions, respectively in [5] and [6]. In below sub-clauses, details for other MAC CEs except for both “Enhanced BFR MAC CE (MTRP BM)” and “Beam indication for unified TCI state MAC CE (Multi-beam)” are discussed.
2.1.1 Enhanced TCI state indication for PDCCH MAC CE
RAN1 provided the detail description [4] on this Enhanced TCI state indication for PDCCH MAC CE as below:
	Agreement

- Introduce enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission

- The corresponding MAC CE includes at least the following fields 

   - Serving cell ID

   - CORESET ID

   - Two TCI state IDs

- FFS whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE

- FFS whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex


It is clear enough to design this MAC CE based on above RAN1 agreements i.e. similar as legacy “TCI State Indication for UE-specific PDCCH MAC CE” specified in TS 38.321, 6.1.3.15. Regarding two FFS points above, RAN2 just wait the RAN1 decision and those functionalities can be easily updated by adding some description on the specification.
Proposal 1: TP for “Enhanced TCI State Indication for UE-specific PDCCH MAC CE” in Annex could be the baseline.
2.1.2 Enhanced PHR MAC CE for MPE mitigation
RAN1 provided the detail description [4] on PHR enhancements to facilitate MPE mitigation for the multi-beam cases:
	On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):

• In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 

o The N P-MPR values are reported together with the following: 

  For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection) 

• Support M=1


According to the above description, extension of the legacy PHR MAC CE is required (i.e. N≥1 P-MPR values can be reported, note that only one P-MPR value is reported in the legacy PHR MAC CE) to support multi-beam cases. The required fields for this MAC CE are quite different with the legacy PHR MAC CE format because of multiple P-MPR values and additional information of M SSBRI(s)/CRI(s). Therefore, the new PHR MAC CE format should be introduced to support the newly introduced MPE mitigation for Rel-17 multi-beam support.

RAN2 understood that these functionality applies to the inter-cell beam management (ICBM) framework, but not sure if these MPE reporting changes would also apply to the multi-TRP (mTRP). These questions were sent to RAN1 [7] to ask whether the Rel-17 MPE reporting changes are applicable to mTRP framework as well. However, the response has not reached yet so RAN2 should wait for the detail design on this MAC CE. 

There might be one or two new PHR MAC CE(s) as results of RAN1 answers for above RAN2 question because additional PHR MAC CE enhancements for mTRP PUSCH repetition has also agreed. That is, below options are possible:

· One new PHR MAC CE to support Rel-17 MPE mitigation and mTRP PUSCH repetition

Two new PHR MAC CEs to support each functionality: 1) Rel-17 MPE mitigation 2) mTRP PUSCH repetition.
Proposal 2: RAN2 need to wait RAN1 decision whether the Rel-17 MPE reporting changes are applicable to mTRP framework, for the MAC CE design.
2.1.3 Enhanced PHR MAC CE for mTRP PUSCH repetition
In [1], additional PHR enhancements for mTRP PUSCH repetition was discussed based on below RAN1 agreements:
	RAN1#106-e Agreements

Agreement

For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 

· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
RAN1#106bis-e Agreements

Agreement

If a UE does not support option 4 (Calculate two PHRs),
· If the PHR reporting is actual PHR, the UE uses the set of power control parameters corresponding to a first (earliest) repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted.

· If the PHR reporting is virtual PHR, it is reported based on legacy procedures.

· Note: RAN2 may further discuss PHR triggering aspects related to mTRP PUSCH repetition


Based on RAN1 agreements, there are two possibilities that UE report PHR for mTRP PUSCH repetition. 
1. If UE support PHR reporting related to mTRP PUSCH repetition (Calculate two PHRs)
2. If UE doesn’t support PHR reporting related to mTRP PUSCH repetition (Calculate two PHRs)
RAN2 made following agreements in RAN2#116 meeting to support PHR reporting for mTRP PUSCH repetition and list up further works.
· RAN2 to discuss how to support PHR reporting for mTRP PUSCH repetition, and may address e.g:

New MAC CE design including the function which TRP is applied for PHR reporting.
How to incorporate the additional MPE information coming in Rel-17 to the new PHR format
Whether use legacy parameters (timer, threshold, etc.) or adding TRP specific parameters

PHR triggering conditions
For the mTRP PHR reporting, UE needs to calculate two PHRs (i.e. first PUSCH occasion) for both TRP 1 and TRP 2 and report two PHR MAC CEs, respectively. Except for supporting MPE mitigation which expressed above, there are two options to support mTRP PHR reporting for mTRP PUSCH repetition (i.e. if MPE mitigation can be applied to mTRP case, this functionality should be also implemented in the same MAC CE:
1. Option 1: Use the legacy PHR MAC CE for the TRP 1 and use the new PHR MAC CE for TRP 2
· MAC CE format could be same (i.e. LCID can be used to differentiate the TRPs)

· If both MAC CEs for TRP 1 and TRP 2 are pending and UL grant is not large enough to accommodate both the MAC CEs, priority handling could be:
· UE implementation 
· one MAC CE have priority of the other (e.g. original PHR MAC CE has high priority)
· Network can indicate which TRP’s PHR has higher priority
· It is not used in case MPE mitigation can be applied to mTRP case.

2. Option 2: New PHR MAC CE is used for both TRP 1 and TRP 2
· One field indicates which TRP is applied for this MAC CE (e.g. TRP index)

· It can be used in case MPE mitigation should be applied to mTRP case.

· In this case, multiple P-MPR values and additional information of M SSBRI(s)/CRI(s) should be added in the MAC CE format.
In addition, we think both single entry PHR and multiple entry PHR should be defined for this functionality and at least, some PHR configuration parameters are required to support PHR reporting related to mTRP PUSCH repetition.

· Enabling mTRP PHR reporting (e.g. multiTRP-PHR: can be included PHR-Config or cell/BWP–level configuration)

· New timers and thresholds for TRP 2: phr-Tx-PowerFactorChange2, phr-ProhibitTimer2, phr-PeriodicTimer2, phr-Tx-PowerFactorChange2
Proposal 3: For PHR reporting related to mTRP PUSCH repetition, following aspects are required:
· New PHR MAC CE is applied to both TRP 1 and TRP 2 if mTRP PUSCH repetition is configured (i.e. One field indicates which TRP is applied for this MAC CE.
· Both single entry PHR and multiple entry PHR should be defined for this functionality. 
· New PHR parameters are introduced for TRP 2 PHR reporting if mTRP PUSCH repetition is configured: multiTRP-PHR, phr-Tx-PowerFactorChange2, phr-ProhibitTimer2, phr-PeriodicTimer2, phr-Tx-PowerFactorChange2.
· If both MAC CEs for TRP 1 and TRP 2 are pending and UL grant is not large enough to accommodate both the MAC CEs, PHR MAC CE for TRP 1 has high priority to report.
2.1.4 Two PUCCH spatial relation info activation/deactivation MAC CE
During Rel-16, Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE was introduced to activate/deactivate the spatial relations for PUCCH resources in PUCCH groups. This MAC CE should be updated/enhanced in Rel-17 because RAN1 has agreed to introduce PUCCH repletion for mTRP i.e. each PUCCH resource can be associated with one or two spatial relations and support simultaneous activation/deactivation of spatial relations in a PUCCH groups [4].

	RAN1#106-e Agreements

Agreement
For the grouping of PUCCH resources in Rel-17 multi-TRP PUCCH repetition schemes,
· Support MAC-CE activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC.
· Support MAC-CE activating two sets of power control parameters (for FR1) for a group of PUCCH resources in a CC. 
· When the PUCCH resource is indicated with two spatial relation info’s or two sets of power control parameters (via a MAC-CE that activating two spatial relation info’s or a MAC-CE that activating two sets of power control parameters for a group of PUCCH resources, respectively), the other PUCCH resources in the group also get updated to have the same two spatial relation info’s or two sets of power control parameters.
· When the PUCCH resource is indicated with one spatial relation info or one set of power control parameters (via a MAC-CE that activating single spatial relation info or a MAC-CE that activating single set of power control parameters for a group of PUCCH resources, respectively), then the other PUCCH resources in the group also get updated to have the same spatial relation info or the same set of power control parameters.
· The signalling details are up to RAN2 to decide.
· Note: Impacts coming from coverage enhancement work item on associating PUCCH resource with repetition factor can be discussed separately


There are two candidate approaches to support this function:

1. Option 1: Introduce the new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition.
· Pros: Introduce the new MAC CE with nice design.
· Cons: Require additional MAC CE (with new LCID) for similar functionality.
2. Option 2: Revise the legacy Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE with additional fields (e.g. indicator for mTRP operation, additional Spatial Relation Info ID(s) for added TRP).
· Pros: Save the LCID value.
· Cons: MAC CE design would not be good to easy understand.
We don’t have strong view between Option 1 and 2 above because there are no big problems for both options but it would be better to go with clean solution.

Proposal 4: Introduce the new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition to activate/deactivate one or two spatial relations for a group of PUCCH resources.
2.1.5 Two PUCCH power control parameter set activation/deactivation MAC CE
In the RAN1 LS [4] including MAC CE impacts, RAN1 requested to introduce “Two PUCCH power control parameter set activation/deactivation MAC CE” with following description:
	Activating two power control parameter sets for mTRP PUCCH repetition.


However, this description seems not enoght because PUCCH power control parameter set for FR2 was activated/deactivated by the spatial relation information which is linked with the power control parameters (e.g. pucch-PathlossReferenceRS-Id , p0-PUCCH-Id, closedLoopIndex). 
PUCCH-SpatialRelationInfo ::=           SEQUENCE {

    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,

    servingCellId                           ServCellIndex                                                    OPTIONAL,   -- Need S

    referenceSignal                         CHOICE {

        ssb-Index                               SSB-Index,

        csi-RS-Index                            NZP-CSI-RS-ResourceId,

        srs                                     PUCCH-SRS

    },

    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,

    p0-PUCCH-Id                             P0-PUCCH-Id,

    closedLoopIndex                         ENUMERATED { i0, i1 }

}

Based on below RAN1 agreements, RAN1 agreed that the linking of PUCCH resource with two power control parameter sets is required in case of FR1 mTRP operation (i.e. spatial relation activation/deactivation) in Rel-17.
	RAN1#104-e Agreements
Agreement

For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported

· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).

· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.


RAN1 also provided their view how to handle this issue, i.e. reuse PUCCH-SpatialRelationInfo IE except for the referenceSignal in case of FR1. It means the same MAC CE what is used for FR2 could be used to activate/deactivate the spatial relation for FR1 as well. It is the simple approach but requires additional restriction/description in order to support FR1 in Rel-17. In this case, some restriction in RRC (and/or MAC) could be required (i.e. UE ignores the received referenceSignal field in PUCCH-SpatialRelationInfo IE) without introducing new MAC CE(s) for FR1.

However, this mandatory field (referenceSignal) is always signalled by NW even it has no matching value so this kind of configuration should be avoided. Therefore, FR1 specific power control configuration when mTRP PUCCH repetition is configured is also considerable.
PUCCH-PowerControlFR1 ::=           SEQUENCE {
    pucch-PowerControlFR1-id-r17            PUCCH-PowerControlFR1-id-r17,    
    pucch-PathlossReferenceRS-Id-r17        PUCCH-PathlossReferenceRS-Id-r17,
    p0-PUCCH-Id-r17                         P0-PUCCH-Id,
    closedLoopIndex-r17                     ENUMERATED { i0, i1 }
}
 
PUCCH-PowerControlFR1-id-r17      ::=    INTEGER (0.. maxNrofPUCCH-PowerControlFR1-1-r17)
PUCCH-PathlossReferenceRS-Id-r17  ::=    INTEGER (0.. maxNrofPUCCH-PathlossReferenceRSs-1-r16)
In this case, the new MAC CE for activating/deactivating two power control parameter sets for PUCCH resource should be introduced. We think there are some considerable aspects for RRC/MAC CE design.

· How many PUCCH power control parameter sets for FR1 are required?

· FR2 case requires 64 spatial relations because 64 beams are supported in FR2 for PUCCH transmission.

· Power control parameters for FR2 is associated with the spatial relations.

· FR1 use omni-beam so it may not require 64 different power control parameter sets. 
MAC CE design based on above RRC configuration structure is simple if the length of PUCCH power control parameter sets for FR1are determined. Annex in 6.1.3.BB provides the examples in terms of MAC CE design.
Proposal 5: RAN2 determine how to support two FR1 PUCCH power control parameter set activation/deactivation MAC CE.
2.1.6 Enhanced PUSCH Pathloss Reference RS Update MAC CE
RAN1 provided the detail description [4] on Enhanced PUSCH Pathloss Reference RS Update MAC CE for mTRP PUSCH repetition:
	When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set.


In Rel-16, PUSCH Pathloss Reference RS Update MAC CE was introduced to update the linking information between PUSCH Pathloss Reference RS and SRI PUSCH power control ID(s).

In Rel-17, RAN1 has introduced PUSCH repetition for mTRP, so it is required to enhance PUSCH Pathloss Reference RS Update MAC CE to support mTRP. It needs to be indicated which TRP is applied for this MAC CE i.e. adding TRP indication or SRS resource set associated with TRP information.
RAN2 already made following agreements in RAN2#116 meeting.

· R2 assumes to revise the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field(s) to differentiate the TRP for mTRP PUSCH repetition. other aspects are FFS.
Proposal 6: TP for “Enhanced PUSCH Pathloss Reference RS Update MAC CE” in Annex could be the baseline.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: TP for “Enhanced TCI State Indication for UE-specific PDCCH MAC CE” in Annex could be the baseline.
Proposal 2: RAN2 need to wait RAN1 decision whether the Rel-17 MPE reporting changes are applicable to mTRP framework, for the MAC CE design.
Proposal 3: For PHR reporting related to mTRP PUSCH repetition, following aspects are required:

· New PHR MAC CE is applied to both TRP 1 and TRP 2 if mTRP PUSCH repetition is configured (i.e. One field indicates which TRP is applied for this MAC CE.
· Both single entry PHR and multiple entry PHR should be defined for this functionality. 
· New PHR parameters are introduced for TRP 2 PHR reporting if mTRP PUSCH repetition is configured: multiTRP-PHR, phr-Tx-PowerFactorChange2, phr-ProhibitTimer2, phr-PeriodicTimer2, phr-Tx-PowerFactorChange2.
· If both MAC CEs for TRP 1 and TRP 2 are pending and UL grant is not large enough to accommodate both the MAC CEs, PHR MAC CE for TRP 1 has high priority to report.
Proposal 4: Introduce the new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition to activate/deactivate one or two spatial relations for a group of PUCCH resources.
Proposal 5: RAN2 determine how to support two FR1 PUCCH power control parameter set activation/deactivation MAC CE.

Proposal 6: TP for “Enhanced PUSCH Pathloss Reference RS Update MAC CE” in Annex could be the baseline.
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5 Annex: TP for MAC CEs
· 6.1.3.AA
Enhanced TCI State Indication for UE-specific PDCCH MAC CE

The Enhanced TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a fixed size of 24 bits with following fields:

-
Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
Editor’s note: FFS whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE.
-
CORESET ID: This field indicates a Control Resource Set identified with ControlResourceSetId as specified in TS 38.331 [5], for which the TCI State is being indicated. In case the value of the field is 0, the field refers to the Control Resource Set configured by controlResourceSetZero as specified in TS 38.331 [5]. The length of the field is 4 bits;
FFS whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex 

-
TCI State ID: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5] applicable to the Control Resource Set identified by CORESET ID field. If the field of CORESET ID is set to 0, this field indicates a TCI-StateId for a TCI state of the first 64 TCI-states configured by tci-StatesToAddModList and tci-StatesToReleaseList in the PDSCH-Config in the active BWP. If the field of CORESET ID is set to the other value than 0, this field indicates a TCI-StateId configured by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList in the controlResourceSet identified by the indicated CORESET ID. The length of the field is 7 bits.
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Figure 6.1.3.AA-1: Enhanced TCI State Indication for UE-specific PDCCH MAC CE
· 6.1.3.25
PUCCH power control parameter set activation/deactivation MAC CE for FR1
· Option 1: Explicit ID-based MAC CE design
: If the length of PUCCH power control ID is exceed 8, then this structure has advantage. TRP ID could not be required if the differentiation of TRP is implicitly indicated in order of MAC CE format.
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· Option 2: Bitmap-based MAC CE design

: If the length of PUCCH power control ID is less than 8, then this structure has advantage.
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· 6.1.3.28
PUSCH Pathloss Reference RS Update MAC CE

The PUSCH Pathloss Reference RS Update MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size and consists of the following fields:
-
Serving Cell ID: This field indicates the identity of the Serving Cell, which contains activated PUSCH Pathloss Reference RS. The length of the field is 5 bits;
-
BWP ID: This field indicates a UL BWP as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9], which contains activated PUSCH Pathloss Reference RS. The length of the field is 2 bits;

-
PUSCH Pathloss Reference RS ID: This field indicates the PUSCH Pathloss Reference RS ID identified by PUSCH-PathlossReferenceRS-Id as specified in TS 38.331 [5], which is to be updated in the SRI PUSCH power control mappings indicated by SRI ID fields indicated in the same MAC CE. The length of the field is 6 bits;

-
T: This field indicates whether SRI ID(s) are associated with the first SRS resource set or the second SRS resource set as specified in TS 38.331 [5]. If this field is set to 0, SIR ID(s) are associated with the first SRS resource set, and it is set to 1 to indicate that SIR ID(s) are associated with the second SRS resource set.
-
C: This field indicates the presence of the additional SRI ID in the last octet of this MAC CE. If this field is set to 1, two SRI ID(s) are present in the last octet. Otherwise only one SRI ID (i.e. the first SRI ID) is present in the last octet;
-
SRI ID: This field indicates the SRI PUSCH power control ID identified by sri-PUSCH-PowerControlId as specified in TS 38.331 [5]. The length of the field is 4 bits;

-
R: Reserved bit, set to 0.


[image: image4.emf]R Oct 1 BWP ID Serving Cell ID

Oct 2 T

SRI ID

0

PUSCH Pathloss Reference RS ID

Oct 3

C

SRI ID

1

...

SRI ID

2N-6

SRI ID

2N-5

Oct N


Figure 6.1.3.28-1: PUSCH Pathloss Reference RS Update MAC CE
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