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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.


 
RAN2 #116bis-e further made the following agreements regarding MIMO MAC CE and MAC impact.
	[060] “Enhanced TCI state indication for UE-specific PDCCH MAC CE” can be applied for simultaneously activating two TCI states for a set of serving cells defined by legacy R16 parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2.
[060] Send LS to RAN1 to ask whether the “Enhanced TCI state indication for UE specific PDCCH MAC CE” can be applied to CORESET zero or not.
[060] “Enhanced TCI state indication for UE specific PDCCH MAC CE” is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.
[060] “Enhanced TCI state indication for UE specific PDCCH MAC CE” is applied only if sfnSchemePdcch is configured.
[060] If the PDCCH reception includes two PDCCH candidates from corresponding search space sets, 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. FFS how to capture this agreement in the TS 38.321 whether adding it as a NOTE or adding it in the normative text.
[060] FFS whether to clarify the Active Time when the PDCCH repletion is configured.
[060] 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.
[060] Introduce the new MAC CE(s) to support PUCCH Power control set update (with power control) for FR1 cases. FFS, detail MAC CE design based on new RRC IE for FR1-dedicated power control set.
[060] To revise the legacy PUSCH Pathloss Reference RS Update MAC CE with additional field(s) to differentiate the TRP for mTRP PUSCH repetition, replace the Reserve bit (‘R’) to a TRP index field (‘T’) so that the MAC CE can indicate which TRP the PUSCH pathloss reference RS update can apply for.



In this paper, we would like to further discuss remaining issues on MAC and some MAC CE designs. 
Discussion
PDCCH repetition impact on MAC
In last RAN2 meeting, RAN2 confirms the RAN1 agreement about the start or restart point of drx-InactivityTimer considering the PDCCH repetition case should be clarified in the MAC spec. However, how to capture this agreement in MAC spec and whether adding it as a NOTE or in the normative text is FFS. In our view, we are fine to capture it in either method.
If it is a NOTE, it can be added after the below bullet
	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.


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.
If it is required to be a normative text, it can be added to follow the bullet 3>. For example, 
3> start or restart drx-InactivityTimer for this DRX group in the first symbol after the end of the PDCCH reception. 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 1: The text ‘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’ can be captured as either a NOTE or a normative text. 

Regarding another issue whether to clarify the Active Time when the PDCCH repletion is configured, RAN2 hasn’t made conclusion in the last meeting. The issue 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. This issue impacts 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. 
	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).



In the offline discussion of the last RAN2 meeting, some companies pointed out that the MAC spec may have already stated the UE behavior in the following text. However, we think the issue described in the MAC spec is different.
	The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or ends in the middle of a PDCCH occasion).



In the case above, there is no detected DCI as the PDCCH occasion is not monitored. But in the case of PDCCH repetition, there are two PDCCH occasions (two linked PDCCH candidates) that carry the same DCI. The DCI may be detected in the first occasion. If UE follows the spec text above to not monitor the second occasion, the interpretation of the detected DCI can change. This is because for some procedures (e.g., timeline, PUCCH resource determination, etc..) we use a reference PDCCH candidate among the two linked candidates irrespective of which one (or both) is detected. That means we either need to follow the reference (even if the reference is not monitored due to out of the Active time) or need to extend the Active time (anyway we may use it as reference). 
If the second PDCCH occasion is not monitored, and if we try to align with (or kinds of extension of) the existing MAC spec text above, UE even does not need to monitor the first PDCCH occasion even if the first PDCCH occasion is completely within the Active Time. This is obviously inefficient and is not preferred. 
We believe the spec should capture the clarification, and this is not just an error case or misconfiguration by network. There is already spec text (like above) to handle the different cases. Therefore, we think a NOTE regarding the Active Time for the PDCCH repetition case is needed. We have the following proposals. 
Proposal 2: If PDCCH is configured with repetition, both PDCCH candidates should be included in the Active Time.
Proposal 3: 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.

New MIMO MAC CE
Regarding the PUCCH power control parameter sets activation/deactivation for multi-TRP PUCCH repetition MAC CE, the last RAN2 meeting has agreed to introduce a new MAC CE to support activating two sets of power control parameters for a group of PUCCH resource in a CC for FR1. The main purpose of this MAC CE is to support per TRP power control in FR1 by linking the one or two power control parameter sets with one PUCCH resource. 
The similar requirement can be found in another MAC CE agreed in the last RAN2 meeting, i.e., PUCCH spatial relation Activation/Deactivation for multi-TRP PUCCH repetition MAC CE. It can be observed that both these two MAC CEs requires to configure one or two resources for one PUCCH resource, i.e., either PUCCH power control parameter sets in FR1 or PUCCH spatial relation in FR2.
In that sense, we think at least the format of PUCCH spatial relation activation/deactivation for multi-TRP PUCCH repetition MAC CE (for FR2) can be reused for the PUCCH power control parameter sets activation/deactivation for the multi-TRP PUCCH repetition in FR1 case. The only change could be the detailed fields naming and description which should be associated with the new RRC parameters of power control parameter sets configuration for multi-TRP in FR1 case.
Proposal 4: The MAC CE format of PUCCH spatial relation activation/deactivation for multi-TRP PUCCH repetition (for FR2) can be reused for the PUCCH power control parameter sets activation/deactivation for multi-TRP PUCCH repetition MAC CE (for FR1) with some description change according to the RRC parameter used.

Another new MIMO MAC CE needs to be further discussed is the enhanced PHR MAC CE for mTRP PUSCH repetition. RAN1 has extensive discussions on this enhancement and made agreements below. According to the RAN1 agreements, RAN1 has decided to enhance PHR MAC CE to report two PHR values in mTRP PUSCH repetition case based on UE capability.
	RAN1 #106e 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 #106e Agreement
For option 4, support the following: 
When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, PHR value(s) are determined as, 
· The first PHR value is reported same as Rel. 15/16.
· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 1A or Alt. 2A 
· Alt.1A: Is always actual. When there are more than one repetitions associated with the other TRP, the second PHR is calculated considering on the following repetition, 
· If there are repetition(s) towards the other TRP which transmit after the repetition used to calculate first PHR, the UE select the earliest repetition among them.
· Otherwise, the UE select the latest repetition which transmitted before the repetition used to calculate first PHR.  
· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.
· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B or Alt. 2B
· Alt1B: a second PHR value is reported as virtual PHR.
· Alt2B: a second PHR is not reported
· If the first PHR value is virtual, select Alt. 1C or Alt. 2C
· Alt1C: a second PHR value is reported as virtual PHR.
· Alt2C: a second PHR is not reported
· When second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)
· Note: the above is applicable to both single entry and multi-entry PHR reports

Agreement
For option 4, support the following: 
· When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as, 
· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 2A 
· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.
· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B 
· Alt1B: a second PHR value is reported as virtual PHR.
· If the first PHR value is virtual, select Alt. 1C 
· Alt1C: a second PHR value is reported as virtual PHR.
· Note: It was agreed that when second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)
· Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports

RAN1 #106bis-e 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



Taking these RAN1 agreements into account, regarding the new PHR MAC CE design, it is straightforward to extend one PH value per serving cell to two PH values for each TRP of one serving cell in the new PHR MAC CE if the serving cell is configured with mTRP PUSCH repetition. Whether it is actual PHR value or virtual PHR value can follow the RAN1 decisions, and hence the V field also should be associated to each PH field separately to indicate which type of PHR is reported. Thus, we have the following proposals.
Proposal 5: Two PH value fields and the associated V fields for one serving cell are introduced in the enhanced PHR MAC CE if the serving cell is configured with mTRP PUSCH repetition and twoPHRMode is configured.
For the issue of whether the TRP related PHR parameters are needed, we think the legacy PHR parameters including the PHR timer and PHR pathloss change threshold are already enough to support enhanced PHR MAC CE. We don’t observe the benefit to configure the TRP related PHR parameters and to enable the TRP specific PHR triggering, which also increases the specification work from RAN2 perspective. Thus, we have the following proposals.
Proposal 6: No new TRP specific PHR related parameters are introduced. The legacy PHR related timers and threshold parameters are reused for the enhanced PHR reporting for the mTRP PUSCH repetition case.
Proposal 7: The legacy PHR triggering conditions are reused for supporting enhanced PHR reporting in the mTRP PUSCH repetition case.

Conclusion
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: The text ‘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’ can be captured as either a NOTE or a normative text. 
Proposal 2: If PDCCH is configured with repetition, both PDCCH candidates should be included in the Active Time.
Proposal 3: 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.
Proposal 4: The MAC CE format of PUCCH spatial relation activation/deactivation for multi-TRP PUCCH repetition (for FR2) can be reused for the PUCCH power control parameter sets activation/deactivation for multi-TRP PUCCH repetition MAC CE (for FR1) with some description change according to the RRC parameter used.
Proposal 5: Two PH value fields and the associated V fields for one serving cell are introduced in the enhanced PHR MAC CE if the serving cell is configured with mTRP PUSCH repetition and twoPHRMode is configured.
Proposal 6: No new TRP specific PHR related parameters are introduced. The legacy PHR related timers and threshold parameters are reused for the enhanced PHR reporting for the mTRP PUSCH repetition case.
Proposal 7: The legacy PHR triggering conditions are reused for supporting enhanced PHR reporting in the mTRP PUSCH repetition case.
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