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1 Introduction
In RAN2#100 meeting, MAC CE for beam management and CSI acquisition was discussed without agreements due to lack of common understanding on what RAN1 has agreed and what MAC CEs will be needed. One LS [1] from RAN1 was received, informing RAN2 that 6 different MAC CEs need to be defined to support DL and UL beam management and CSI acquisition. 
	MAC CE message
	Description
	Value range

	Semi-persistent CSI-RS / CSI-IM
	Activates/deactivates a SP CSI-RS resource set and a SP CSI-IM resource set. Provides the QCL relationship (if activated)
	SP CSI-RS Resoruce Set Id | SP CSI-IM Resource Set Id | TCI_State_Id

	Aperiodic CSI trigger state subselection
	Maps the Sc RRC configured aperiodic trigger states to 2^N-1 codepoints in CSI request field (N=Bitwidth of CSI request field in DCI)
	Bitmap of size Sc<=128
(Maximum number of 1s in the bitmap is up to 63.)

	Activation of TCI (Transmission Configuration Indication) state(s) for UE-specific PDSCH
	Activates/deactivates up to 2^N TCI states from a list of M TCI state. Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication.
	Bitmap of size M<=128

	Indication of TCI state for UE specific NR-PDCCH per CORESET
	Out of the K TCI states configured per CORESET, the MAC-CE selects one out of K.
	Bitmap to select one out of K (up to M) states

	Semi-persistent  CSI reporting (on PUCCH) activation
	Activates a SP CSI Report
	Bitmap with length of the number of SP CSI reporting settings

	Semi-persistent SRS activation
	Activates a SP SRS resource set and provides the spatial QCL relationship (if activated)
	SP SRS Resoruce Set Id | SSB ID/SRS resource ID/CSI-RS resource ID


In this contribution, we discuss the format of those MAC CEs, especially the required fields for each MAC CE. Since the value range for some fields have not been decided by RAN1, the MAC CEs proposed in this contribution can be used as an example and the length of the fields can be changed directly based on RAN1 agreements.  The corresponding TP to capture those new MAC CE is provided in our companion Tdoc [4]. 
2 MAC CE for CSI Acquisition
2.1 MAC CE for SP CSI reporting activation/deactivation
According to RAN1 LS, one MAC CE is used for SP CSI reporting activation on PUCCH, which is used to active a SP CSI report through a bitmap. The length of the bitmap is determined by the number of SP CSI reporting setting. Although the number of configured SP CSI reporting setting varies with different RRC configuration, we don’t need to define a variable size of MAC CE for it.  In our understanding, the maximum number of CSI report setting will be no larger than 16. A fixed size of bitmap with length of 2 bytes can be used, just as illustrated in Figure 1. 


Figure 1 MAC CE for SP CSI reporting activation/deactivation
2.2 MAC CE for Semi-persistent CSI-RS / CSI-IM Activation/Deactivation
According to RAN1 agreement, for a triggered SP CSI reporting, the linked SP reference signal resource sets also need to activated/deactivated through a MAC CE. For this MAC CE, several questions were asked from RAN2 aspect in the LS [2] in order to determine the required fields and the corresponding length.
Based on the RAN1 LS, it implies that the MAC CE is used to active/deactivate a SP CSI-RS resource set and a SP CSI-IM resource set, with the corresponding TCI_State_ID provided. Generally, we are also not sure whether activation/deactivation of multiple resource set need to be supported and how to support the multiple resource sets activation/deactivation. One potential method is that multiple resource sets activation/deactivation is supported by one MAC CE. So an additional field, e.g. bitmap is required to indicate which resource sets are activated/deactivated. Another method is that multiple resource sets are activated/deactivated through multiple MAC CEs, which should be multiplexed in the same TBs. One field is need to indicate whether the MAC CE is to activate or deactivate the corresponding resource set. 
In our understanding, the TCI_State_ID should be an ID of the M, so that such SP CSI-RS resource can be used to for beam training for a larger set rather than limited to the active TCIs for PDSCH beam indication. 
The maximum number of CSI-RS/CSI-IM resource set has not been decided yet. Here 64 is assumed and 6bits are need for CSI-RS/CSI-IM resource set ID. 
Since each SP CSI reporting setting can be linked to multiple CSI-RS resource setting, it is CSI-RS resource setting ID which should be indicated instead of CSI-RS-Resource Set. Furthermore, SP CSI-IM and TCI state ID are not necessarily need to be present for each activation/deactivation. The understanding need to be clarified by RAN1. 
Figure 2 gives the example for the MAC CE, assuming only one CSI-RS/CSI-IM resource set is activated/deactivated. One field is used to indicate whether the corresponding resource set is activated or deactivated. 


Figure 2 MAC CE for Semi-persistent CSI-RS / CSI-IM activation/deactivation
2.3 MAC CE for Aperiodic CSI trigger State Sub-selection
According to RAN1 LS, for aperiodic CSI triggering, maximum 128 trigger states can be configured by RRC and each trigger state dynamically selects one or more aperiodic reporting settings. A trigger state is indicated by the CSI request field (2^N bits), where the value of N is configured by RRC from {0, 1, 2, 3, 4, 5, 6}. If the number of configured trigger states Sc is larger than 2^N-1, MAC CE is needed for down-selection, which maps the 2^N-1 code points of the CSI request field to a subset of the configured triggering states. 
The bitmap can be designed in two ways, i.e. fixed size and variable size. 
If fixed size is considered, a bitmap with length of 128bit will be used. Considering totally 8 bytes will be used for the fixed size MAC CE, a variable size of bitmap with length of configured number of triggering states Sc is used. The length of the MAC CE is indicated in the subheader. 
Figure 3 illustrates the variable size of MAC CE for Aperiodic CSI trigger State Sub-selection. The length of the bitmap is Sc. 


Figure 3 MAC CE for Aperiodic CSI trigger State Sub-selection
3 MAC CE for DL Beam Management
3.1 MAC CE for TCI State Indication for NR-PDCCH
According to RAN1 LS, TCI state is updated by using either RRC or RRM+MAC CE for NR-PDCCH. Candidate set with M TCI states are configured for each UE specific NR-PDCCH CORESET by RRC and each candidate TCI state is identified by TCI_State_ID. Then K out of M TCI states are selected per CORESET by the network and informed to UE through RRC activation. The bitmap in the MAC CE is used to select one out of K TCI state for TCI indication.  
The bitmap can be designed in two ways, i.e. fixed size and variable size. 
If fixed size is considered, a bitmap with length of 128bit will be used. Considering totally 8 bytes will be used for the fixed size MAC CE, a variable size of bitmap with length of configured number of selected TCI states i.e. K is used. The length of the MAC CE is indicated in the subheader. 
Figure 4 illustrates the variable size of MAC CE for TCI indication for NR-PDCCH. The length of the bitmap is K. 


Figure 4 MAC CE for TCI Indication for NR-PDCCH
3.2 MAC CE for TCI State Activation for NR-PDSCH
According to RAN1 LS, candidate set with M TCI states are configured for UE specific NR-PDSCH by RRC and each candidate TCI state is identified by TCI_State_ID. The bitmap in the MAC CE is used to activate/deactivate up to 2^N TCI states from the list of M TCI states for PDSCH QCI indication. Then the DCI indication selects one out of 2^N TCI state for instantaneous PDSCH reception. 
The bitmap can be designed in two ways, i.e. fixed size and variable size. 
If fixed size is considered, a bitmap with length of 128bit will be used. Considering totally 8 bytes will be used for the fixed size MAC CE, a variable size of bitmap with length of configured number of candidate TCI states i.e. M is used. The length of the MAC CE is indicated in the subheader. 
Figure 5 illustrates the variable size of MAC CE for TCI activation/deactivation for NR-PDSCH. The length of the bitmap is M. 


Figure 5 MAC CE for TCI activation/deactivation for NR-PDSCH
4 MAC CE for UL Beam Management
4.1 MAC CE for Semi-persistent SRS Activation
According to RAN1, SSB, CSI-RS (periodic/semi-persistent CSI-RS) and SRS (periodic/semi-persistent) can be sued as spatial QCL reference for semi-persistent SRS. The MAC CE is used to activate one of semi-persistent SRS resource sets and provide the spatial QCI relationship. A SRS-SpatialRelationInfor field is RRC configured per SRS resource for UL beam indication, which provide the configuration of the spatial relation between a reference RS and the target SRS. The reference RS can be SSB/CSI-RS/SRS. Only one of the resource ID i.e. SSB ID, CSI-RS ID, SRS ID is needed.  
A fixed size of MAC CE for Semi-persistent SRS activation is illustrated in Figure 6.


Figure 6 MAC CE for semi-persistent SRS activation
4.2 MAC CE for UL Beam Indication for PUCCH
According to RAN1 agreement, spatial QCL of PUCCH is indicated by RRC+MAC CE. The field PUCCH-SpatialRelationInfor in RRC contains one or multiple IEs per PUCCH resource. It provides the configuration of the spatial relation between a reference signal and PUCCH. The reference RS can be SSB, CSI-RS, or SRS. When multiple reference signals are configured for the PUCCH, the MAC CE with a bitmap is used to point to one of the reference signal for spatial QCL Indication. Considering the number of QCLed reference signal for PUCCH is not large, fixed size of bitmap is needed. 
Figure 7 illustrates the fixed size of MAC CE for UL beam indication for NR-PUCCH. 


Figure 7 MAC CE for UL beam indication for PUCCH

3 Conclusion	
In this contribution, we discuss the new MAC CEs for CSI acquisition, DL beam management and UL beam management. The length of the fields can be updated when RAN1 determines the value range for them.
Proposal 1: RAN2 captures the following MAC CEs as baseline to support CSI acquisition, DL beam management and UL beam management. 
1. MAC CE for SP CSI reporting activation/deactivation



2. MAC CE for Semi-persistent CSI-RS / CSI-IM activation/deactivation


3. MAC CE for Aperiodic CSI trigger State Sub-selection


4. MAC CE for TCI Indication for NR-PDCCH


5. MAC CE for TCI activation/deactivation for NR-PDSCH


6. MAC CE for semi-persistent SRS activation


7. MAC CE for UL beam indication for PUCCH
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