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Introduction
The RAN2 #116e meeting started to discuss the Rel-17 MIMO MAC CE impacts and the agreements were made below.
	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 paper, we would like to introduce our designs of some MAC CEs. In addition, this paper will also discuss the PDCCH repetition impact on MAC spec based on the RAN1 agreements. 
Discussion
New MIMO MAC CE
In Rel-15/16, sri-PUSCH-PowerControlId can be used as the codepoint of the SRI field in the DCI. Each sri-PUSCH-PowerControlId corresponds to a set of ULPC parameters such as pathloss reference RS, p0, alpha, closed loop index and so on. 
In Rel-17 single-DCI multi-TRP PUSCH repetition schemes, two SRI fields corresponding to two SRS resource sets has been agreed for both codebook-based and non-codebook based mTRP PUSCH repetition in RAN1. Each SRI field indicates SRI per TRP. Meanwhile, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. RAN1 #104bis-e has made following agreements.
	Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID

Agreement
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.


Rel-16 PUSCH Pathloss Reference RS Update MAC CE (in 6.1.3.28 of 38.321[2]) indicates/updates the pathloss reference RS update for one or more sri-PUSCH-PowerControlId. The RAN2 #116e meeting will assume to revise the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field(s) to differentiate the TRP for mTRP PUSCH repetition. 
There are two options. Option 1 is to replace the Reserve bit (‘R’) to a TRP index field so that the MAC CE can indicate which TRP the PUSCH pathloss reference RS update can apply for. The drawback of this scheme is that network can only update pathloss reference RS mapping for one TRP at one time. If the update of pathloss reference RS is intended to two TRPs, network has to send two MAC CE to update the mapping separately. 
Option 2 supports to update the PUSCH pathloss reference RS together at one MAC CE. The Reserve bit (‘R’) can be reused to indicate or differentiate the TRP for mTRP PUSCH repetition. For example, the first optional field (‘S’) indicates whether the second block of pathloss reference RS updating with SRI ID is present or not. If both TRP needs to update the pathloss reference RS, the second optional field (‘T’) can be ignored. Otherwise, the ‘T’ filed indicates the first block of RS updating with SRI ID is for which TRP (In this case, the ‘S’ field is set to 0).
Fig. 1 provides one example to support indicating the two pathloss reference RS IDs associated with two SRS resource sets.


Figure 1 Enhanced PUSCH Pathloss Reference RS Update MAC CE

Proposal 1: The legacy Rel-16 PUSCH Pathloss Reference RS Update MAC CE can be revised to add additional field to support the multi-TRP case.
Proposal 2: The enhanced PUSCH Pathloss Reference RS Update MAC CE in figure 1 is adopted.
Another new MAC CE is PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition. The RAN1 #106e meeting made several agreements related to this MAC CE.
	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


The simplest scheme to support the new requirement is to extend one spatial relation info update to two spatial relation info of one PUCCH resource ID in the legacy Rel-16 Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE. Since it is also required to activate the spatial relation info for a group of PUCCH resource in a CC, the similar approach as Rel-16 MAC CE can be applied for the Rel-17 MAC CE. That is the MAC CE can apply to all the PUCCH resources in the PUCCH resource group. But the restriction should also be kept to new MAC CE, i.e., ‘If the indicated PUCCH Resource ID is included in a PUCCH Resource Group of the indicated UL BWP, no other PUCCH Resources within the same PUCCH Resource group are indicated in the MAC CE’. Otherwise, multiple spatial relation infos will be indicated for the PUCCH resource in one PUCCH resource group, and it confuses UE which (two) spatial relation info should be updated to the group of PUCCH resource. 
Proposal 3: A new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition is introduced. i.e. activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC. 
Proposal 4: The legacy restriction should be applied for the new PUCCH spatial relation activation/deactivation MAC CE. That is ‘If the indicated PUCCH Resource ID is included in a PUCCH Resource Group of the indicated UL BWP, no other PUCCH Resources within the same PUCCH Resource group are indicated in the MAC CE’. 
Fig. 2 gives one example to support activating two spatial relation info’s (for FR2) for a group of PUCCH resources. The optional filed (‘C’) indicates whether the second spatial relation info for FR2 is indicated or not.


Figure 2 Enhanced PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition
Proposal 5: The enhanced PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition in figure 2 is adopted.
Regarding multi-TRP PUCCH repetition, RAN1 agreed to support MAC CE activating two sets of power control parameters (for FR1) for a group of PUCCH resources in a CC. The RAN1 #104bis-e meeting made the following 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.


According to the RAN1 agreements, it seems RAN1 has already provided one possible solution on how to reuse the existing signaling to handle this issue, i.e., reuse the existing PUCCH-SpatialRelationInfo except for the referenceSignal for FR1 case on per-TRP power control. We don’t observe the technical issue from RAN2 perspective. So, if RAN2 accepts the RAN1 suggestion on the parameter description change, the PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition for FR2 can be reused for the FR1 case. The only change could be the RRC parameter description and there should be no impact on the MAC CE format. In that sense, we think it is simplest way to support this feature. 
Proposal 6: RAN2 accepts the RAN1 suggestion on reusing the PUCCH-SpatialRelationInfo except for the referenceSignal for FR1 power control parameters configuration.
Proposal 7: If proposal 6 can be agreed, the new introduced PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition (for FR2) can be reused for activating two sets of power control parameters (for FR1) for a group of PUCCH resources.

PDCCH repetition impact on MAC
Regarding the PDCCH repetition scheme, the RAN1 #106e meeting has made the following agreements that may have MAC spec impact.
	Agreement
For the issues involving a timeline for/related to DCI decoding, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used as a reference. This includes at least the following issues
· For N timeline and the HARQ ACK slot offset in the case that DL DCI does not schedule PDSCH but requests HARQ-Ack: SPS release DCI, SCell dormancy indication, requesting Type-3 HARQ-Ack codebook
· For SPS PDSCH cancelation timeline (14 symbols)
· For PUCCH resource overriding timeline (N3)
· For starting drx-InacitivityTimer
· For timeline to send PRACH in response to PDCCH order
· For PDSCH / AP-CSI-RS reception preparation time with cross carrier scheduling with different SCS’s for PDCCH and PDSCH / AP-CSI-RS, i.e., minimum scheduling delay Npdsch and Ncsirs
· For PHR timeline conditions for virtual versus actual PHR
· For TPC application time window to determine whether a TPC command is applicable or not
· For CPU occupation duration for AP-CSI
For the following issue, the PDCCH candidate that starts earlier in time among the two linked PDCCH candidates is used as a reference:
· For determining the most recent transmission of SRS resource(s) identified by the SRI


According to the RAN1 agreements, if the PDCCH is enabled with repetition through RRC configuration, the timeline involved/related to DCI decoding may have impacts on the reference point of starting a timer which is defined in MAC spec, for example, starting drx-InactivityTimer. 
In current MAC spec, the drx-InactivityTimer start or restart in the first symbol after the end of the PDCCH reception. However, it is unclear the PDCCH repetition case, i.e., whether the PDCCH reception is the first PDCCH candidate or the second one of one PDCCH repetition. In RAN1 agreements, if PDCCH repetition is configured, the PDCCH candidate that ends later in time among the two linked PDCCH is used as reference. Since UE is configured to be aware of the linked PDCCH candidate before decoding PDCCH, the timeline has to be counted from the end of the last repetition. 
The MAC spec impact is that the starting of the drx-InactivityTimer should be revised or clarified to consider the PDCCH repetition.
	2> if the PDCCH indicates a new transmission (DL or UL) on a Serving Cell in this DRX group: 
3> start or restart drx-InactivityTimer for this DRX group in the first symbol after the end of the PDCCH reception.


A note can be introduced to clarify the PDCCH repetition if configured. For example,
Note: If the PDCCH reception includes two PDCCH candidates from corresponding search space sets, as described in clause 10.1 in 38.213, start or restart drx-InactivityTimer for this DRX group in the first symbol after the end of the PDCCH candidate that ends later in time.
Proposal 8: A Note is introduced to clarify starting or restarting drx-InactivityTimer in PDCCH repetition case. 
Note: If the PDCCH reception includes two PDCCH candidates from corresponding search space sets, as described in clause 10.1 in 38.213, start or restart drx-InactivityTimer for this DRX group in the first symbol after the end of the PDCCH candidate that ends later in time.
The other issues related to the PDCCH repetition is that one of the linked candidates is inside a timer window while the other one is outside. UE may not be able to monitor the second PDCCH candidate due to outside the monitor window. All those timers that keep the Active Time ongoing on expire in between of the two repetitions may be impacted, such as drx-onDurationTimer, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL and so on. Noted that reset the drx-InactivityTimer may not fully resolved this issue. Because such DCI in the PDCCH repetition may not even schedule new transmission. Therefore, we think the Active Time should be clarified to consider the PDCCH repletion.
	When DRX is configured, the Active Time for Serving Cells in a DRX group includes the time while: 
- drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or 
- drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running on any Serving Cell in the DRX group; or 
- ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or 
- a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or 
- a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).


We would like to suggest adding a Note regarding the Active Time for the PDCCH repetition case.
Note: If the Active Time for Serving Cells in a DRX group includes a first PDCCH candidate that is linked to a second PDCCH candidate from two corresponding search space sets, as described in clause 10.1 in 38.213, the Active Time for Serving Cells in a DRX group also includes the second PDCCH candidate
Proposal 8: If PDCCH is configured with repetition, both PDCCH candidates should be included in the Active Time.
Proposal 9: A Note is introduced to clarify the Active Time for the PDCCH repetition case. 
Note: If the Active Time for Serving Cells in a DRX group includes a first PDCCH candidate that is linked to a second PDCCH candidate from two corresponding search space sets, as described in clause 10.1 in 38.213, the Active Time for Serving Cells in a DRX group also includes the second PDCCH candidate.

Conclusion
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: The legacy Rel-16 PUSCH Pathloss Reference RS Update MAC CE can be revised to add additional field to support the multi-TRP case.
Proposal 2: The enhanced PUSCH Pathloss Reference RS Update MAC CE in figure 1 is adopted.
Proposal 3: A new PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition is introduced. i.e. activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC. 
Proposal 4: The legacy restriction should be applied for the new PUCCH spatial relation activation/deactivation MAC CE. That is ‘If the indicated PUCCH Resource ID is included in a PUCCH Resource Group of the indicated UL BWP, no other PUCCH Resources within the same PUCCH Resource group are indicated in the MAC CE’. 
Proposal 5: The enhanced PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition in figure 2 is adopted.
Proposal 6: RAN2 accepts the RAN1 suggestion on reusing the PUCCH-SpatialRelationInfo except for the referenceSignal for FR1 power control parameters configuration.
Proposal 7: If proposal 6 can be agreed, the new introduced PUCCH spatial relation activation/deactivation MAC CE for mTRP PUCCH repetition (for FR2) can be reused for activating two sets of power control parameters (for FR1) for a group of PUCCH resources.
Proposal 8: A Note is introduced to clarify starting or restarting drx-InactivityTimer in PDCCH repetition case. 
Note: If the PDCCH reception includes two PDCCH candidates from corresponding search space sets, as described in clause 10.1 in 38.213, start or restart drx-InactivityTimer for this DRX group in the first symbol after the end of the PDCCH candidate that ends later in time.
Proposal 8: If PDCCH is configured with repetition, both PDCCH candidates should be included in the Active Time.
Proposal 9: A Note is introduced to clarify the Active time for the PDCCH repetition case. 
Note: If the Active Time for Serving Cells in a DRX group includes a first PDCCH candidate that is linked to a second PDCCH candidate from two corresponding search space sets, as described in clause 10.1 in 38.213, the Active Time for Serving Cells in a DRX group also includes the second PDCCH candidate.
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