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[bookmark: _Ref488331639]Introduction 
in last meeting, RAN2 has discussed the MAC CE impacts for R17 mTRP mechanism, and the following agreements are achieved:
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 this contribution, we focus on the MAC CE design and RAN2 specification impacts of per-TRP PHR based on the agreements made in both RAN1 and RAN2. 
[bookmark: _Ref178064866]Discussion
PUCCH spatial relation activation/deactivation MAC CE for mTRP
In previous meeting, RAN1 has agreed to introduce the multi-TRP PUCCH repetition in Rel-17. Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE.
Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
· FFS: Use of multiple PUCCH resources.  

To support PUCCH repetition for mTRP case, i.e. associate two spatial relation info with one PUCCH resource, there could be 3 options, and the pros and cons are also listed below in Table1:
· Option1: introduce a new MAC CE;
· Option2: reuse existing MAC CE as such that PUCCH Resource ID is repeated once so that one PUCCH Resource ID can be associated with two spatial Relation info ID;
· [bookmark: _Hlk92200245]Option3: update the existing Enhanced PUCCH spatial relation Activation/Deactivation MAC CE as such that one PUCCH resource ID is associated with two spatial Relation info ID. The order of the spatial relation info id can be used to differentiate between TRPs.
	Option
	Pro
	con

	1
	Clean design
	Introduce a MAC CE which is very similar to existing one i.e. redundancy in spec.

	2
	With minor spec update to clarify redundant PUCCH resource ID
	PUCCH Resource ID will be repeated once, i.e. signalling overhead.

	3
	Relative clean design still with less signalling overhead
	Less clean design as option 1


Table1
With the given comparison of three options, option3 is preferred from spec impact and signalling overhead perspective. And the MAC CE design is given as an example:


Figure 1 updated enhanced PUCCH spatial relation Activation/Deactivation MAC CE

where the M field is to indicate whether single or two spatial relation info’s is activated for the PUCCH resource.

[bookmark: _Toc92787612]The existing Enhanced PUCCH spatial relation Activation/Deactivation MAC CE can be updated to support multi-TRP PUCCH repetition.
[bookmark: _Toc92787613][bookmark: _Hlk92204251]If P1 is agreed, adopt MAC CE design in Figure 1. 

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 agreed to support per-TRP power control for FR1 case, PUCCH resource can be linked with two power control parameter sets, and RAN1 further suggests to reuse PUCCH-SpatialRelationInfo except for the referenceSignal for per-TRP PUCCH power control for FR1. It is straightforward way to follow RAN1’s suggestion and reuse the updated enhanced PUCCH spatial relation Activation/Deactivation MAC CE shown in Figure1 for the purpose of per-TRP power control in FR1.
Reuse the updated enhanced PUCCH spatial relation Activation/Deactivation MAC CE (Figure 1) to support per-TRP power control in FR1.
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

For the PUCCH resources configured within a PUCCH resource group, RAN1 has agreed that when the PUCCH resource is indicated with two spatial relation info’s or two sets of power control parameters, 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. Similarly, the other PUCCH resources in the group also get updated to have the same spatial relation info’s or same sets of power control parameters if the PUCCH resource is indicated with one spatial relation info or one set of power control parameters. For MAC CE design, we can reuse the way introduced in Rel-16, if the indicated PUCCH Resource ID is included in a PUCCH Resource Group of the indicated UL BWP, and no other PUCCH Resources within the same PUCCH Resource group are indicated in the MAC CE, this MAC CE applies to all the PUCCH Resources in the PUCCH Resource group.

[bookmark: _Toc92787615]If the indicated PUCCH Resource ID is included in a PUCCH Resource Group, the updated enhanced PUCCH spatial relation Activation/Deactivation MAC CE applies to all the PUCCH Resources in the PUCCH Resource group.
PUSCH Pathloss Reference RS Update MAC CE
For mTRP based PUSCH Pathloss Reference RS Update, RAN2 has agreed to update the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field to differentiate the TRP for mTRP PUSCH repetition. The MAC CE design is given in Figure 2.
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.



Figure 2 updated PUSCH Pathloss Reference RS Update MAC CE

where the M field is to indicate whether the SRI IDs are associated with the first or the second SRS resource set.

[bookmark: _Toc92787616]Adopt MAC CE design in Figure 2 for mTRP based PUSCH Pathloss Reference RS Update.

Per-TRP PHR reporting MAC CE
To support PHR report for mTRP, RAN1 agreed to report two PHR for the CC which applies mTRP PUSCH repetition, each of the reported PHR associated with a TRP. Furthermore, RAN1 has reached conclusion on reporting P-MPR of SSB/CSI-RS resources as assistance information to network.
Agreement
For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 
· 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.
· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)
· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.
· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).
· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.
Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.
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 
· 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

Introducing such TRP PHR MAC CE may cause the issue of priority. For example, if both legacy PHR MAC CE and the new TRP PHR MAC CE are triggered/pending and the available UL grant is not large enough to accommodate both MAC CEs. To avoid priority handling issue, we think single PHR MAC CE format can be used to for both cell PHR reporting and/or per-TRP PHR reporting. 

[bookmark: _Toc92787617]Single PHR MAC CE format can be used to for both cell PHR reporting and/or per-TRP PHR reporting.
And similar as legacy PHR trigger condition, the existing timer and threshold for PHR triggering, i.e., phr-PeriodicTimer, phr-ProhibitTimer and phr-Tx-PowerFactorChange, can be reused for per-TRP PHR reporting.
[bookmark: _Toc92787618]The existing timer and threshold can be reused for TRP PHR triggering.
For each serving cell, either cell specific PHR or TRP specific PHR can be reported. And UE report both serving TRP PHR and additional TRP PHR if the serving cell is configured with mTRP PUSCH repetition. To facilitate MPE mitigation, N P-MPR values can also be included in the MAC CE. The suggested new Multiple Entry PHR format is given following: 


Figure 3 Enhanced Multiple Entry PHR MAC CE
Where: 
· Ci indicates that a PH field for the Serving Cell with ServCellIndex i is reported. And two PH will be reported if the serving cell is configured with mTRP PUSCH repetition.
· P1 indicates that whether event-triggered P-MPR-based reporting is included；
· N indicates the number of reported P-MPR，N=1,2,3,4；
· MPE is the applied power backoff to meet MPE requirements. 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].;
· SSBRI/CSIRI indicate the indication of the resource configured in the SSB/CSI-RS resource pool for P-MPR reporting, the length of SSBRI/CSIRI can be further updated once the value range has been defined by RAN1. (Another alternative is to include the SSB/CSI-RS index in the MAC CE and 1-bit indication can be used to indicates the type of a resource. For the SSBs of non-serving cell, PCI is also required.)

[bookmark: _Toc92787619]Adopt MAC CE design in Figure 3 for enhanced PHR reporting.

Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1	The existing Enhanced PUCCH spatial relation Activation/Deactivation MAC CE can be updated to support multi-TRP PUCCH repetition.
Proposal 2	If P1 is agreed, adopt MAC CE design in Figure 1.
Proposal 3	Reuse the updated enhanced PUCCH spatial relation Activation/Deactivation MAC CE (Figure 1) to support per-TRP power control in FR1.
Proposal 4	If the indicated PUCCH Resource ID is included in a PUCCH Resource Group, the updated enhanced PUCCH spatial relation Activation/Deactivation MAC CE applies to all the PUCCH Resources in the PUCCH Resource group.
Proposal 5	Adopt MAC CE design in Figure 2 for mTRP based PUSCH Pathloss Reference RS Update.
[bookmark: _GoBack]Proposal 6	Single PHR MAC CE format can be used to for both cell PHR reporting and/or per-TRP PHR reporting.
Proposal 7	The existing timer and threshold can be reused for TRP PHR triggering.
Proposal 8	Adopt MAC CE design in Figure 3 for enhanced PHR reporting.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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