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1 Introduction
The LS R1-1801272 [1] from RAN1 informs RAN2 that 8 new MAC CEs need to be defined to support DL and UL beam management and CSI acquisition. 
In this contribution, we discuss the format of those MAC CEs. The proposed MAC CEs can be used as baseline and are subject to change according to RAN1 discussion. The corresponding TP to capture those new MAC CE is provided in our companion Tdoc [2]. 
2 MAC CE for CSI Acquisition
2.1 MAC CE for SP CSI reporting activation/deactivation on PUCCH
	RAN1 specification
	Section
	MAC CE message
	Description
	Value range

	TS38.214
	5.2.4
	Semi-persistent  CSI reporting (on PUCCH) activation
	Activates a SP CSI Report
	Bitmap with length of the number of SP CSI reporting settings
The length of bitmap <= [CSISP =8] bits



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. According to TS38.214[3] that “when a UE receives a deactivation command [10, TS 38.321] for activated CSI-RS/CSI-IM resource(s) associated with configured CSI resource setting(s) in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of CSI-RS/CSI-IM transmission corresponding to the deactivated CSI-RS/CSI-IM resource(s) shall apply no later than the minimum requirement defined in [10, TS 38.133].”, both activation and deactivation of the SP CSI reporting on PUCCH should be supported. 
The length of the bitmap is determined by the number of SP CSI reporting setting. According to the LS, the length of bitmap <= [CSISP =8] bits. Since maximum length of the bitmap is one byte, we don’t need to define a variable size of MAC CE for it. A fixed size of bitmap with length of 1 byte can be used, just as illustrated in Figure 1. 


Figure 1 MAC CE for SP CSI reporting activation/deactivation
Proposal 1: Both activation/deactivation is supported by the MAC CE for SP CSI reporting on PUCCH. 
Proposal 2: MAC CE for SP CSI reporting activation/deactivation on PUCCH has a fixed size and the length of the bitmap is one byte.  
2.2 MAC CE for Semi-persistent CSI-RS / CSI-IM Activation/Deactivation
	RAN1 specification
	Section
	MAC CE message
	Description
	Value range

	TS38.214
	5.2.2.3.4
	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 Resource Set Id  (the size of ID <=4bits) | SP CSI-IM Resource Set Id (the size of ID <=4bits) | TCI_State_Id (the size of ID<=6bits)
Each activated resource set can have up to 64 CSI-RS resources therefore 
Total bits<=4+4+64*6*7


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. If the MAC CE is to activate a SP CSI-RS resource set, the QCL relationship i.e. TCI_State_Id should be provided per each CSI-RS resource in the MAC CE. 
Each activated resource set can have up to 64 CSI-RS resources. If only lists of TCI_State_Ids are provided, UE doesn’t know which CSI-RS resource each TCI_state_Id corresponds to. One option is that the CSI-RS resources ID is provided together with the TCI_State_Id for each CSI-RS resource. Considering the maximum CSI-RS resource ID would be 128 and 7bits will be needed for each CSI-RS resource ID, the large signaling overhead is concerned. If CSI-RS resource ID is not carried in the MAC CE, MAC needs to acquire csi-rs-Resources configuration from RRC layer and map the TCI_State_Ids to the configured CSI-RS resources.   So TCI_State_Id can be provided for each of the configured CSI-RS resource e.g. in ascending order of the CSI-RS resources ID.  
Proposal 3: TCI_State_Id for each CSI-RS resource of the activated SP CSI-RS resource set is present in the MAC CE with ascending order of the CSI-RS resources ID.
Proposal 4: MAC layer maps the TCI_State_Ids in the MAC CE to the CSI-RS resource IDs from RRC for the activated SP CSI-RS resource set. 
TCI_State_Id is an ID of the M configured TCI states. M is configurable, thus it is variable.  The maximum value of M is 64. Since the length of M is variable, one field of 3bits can be used to indicate the length of the TCI_State_Id. 
If the MAC CE is to deactivate a SP CSI-RS resource set, the QCL relationship is not provided. Considering different information are required for activation/deactivation, one field is needed to indicate whether the MAC CE is to activate or deactivate the corresponding resource set. 
According to the LS, the presence of SP CSI-IM is optional. If SP CSI-RS is used for L1-RSRP reporting, SP CSI-IM shall be absent. One field is needed to indicate whether SP CSI-IM is present or not. 
Proposal 5: MAC CE for SP CSI-RS / CSI-IM Activation/Deactivation has a variable size. One field of one bit is used to indicate activation/deactivation, one field of one bit is used to indicate presence/absence of SP CSI-IM, and another field of 3bits is used to indicate the length of the TCI_State_Id.
Figure 2 gives the example for the MAC CE, assuming only one CSI-RS/CSI-IM resource set is activated/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
	RAN1 specification
	Section
	MAC CE message
	Description
	Value range

	TS38.214
	5.2.1.5
	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.)
Sc is variable


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. 
Since Sc is variable, 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. 
Proposal 6: MAC CE for aperiodic CSI trigger state sub-selection has a variable size. The bitmap of Sc bits is used to indicate the selected trigger state. 
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
2. 4 MAC CE for SP ZP CSI-RS Activation/Deactivation
	Specification number
	Section
	MAC CE Message
	Description
	Value range

	TS 38.214
	5.1.4.2
	Semi-persistent ZP CSI-RS
	Activates/deactivates a SP ZP CSI-RS resource set
	ZP CSI-RS set ID selected from up to 2^ZP1 SP ZP CSI-RS sets (the size of ID <=[ZP1=4]bits)
Each activated resource set can have up to 2^[ZP2=6] ZP CSI-RS resources  

The total number of ZP CSI-RS resources in all sets cannot be more than 2^[ZP3=6]


According the LS, RAN1 agreed to introduce semi-persistent ZP CSI-RS. Activation/deactivation of a SP ZP CSI-RS resource set is controlled by MAC-CE. In the MAC CE, the SP ZP CSI-RS set ID is indicated. One field of one bit is need to indicate whether it is for activation or deactivation. The length of the SP ZP CSI-RS set ID is less or equal to 4bits, so the MAC CE can be of fixed size of one byte. 
Proposal 7: MAC CE for SP ZP CSI activation/deactivation has a fixed size of one byte. One field of one bit is to indicate activation/deactivation. The other field of 4 bits is to indicate the SP ZP CSI-RS set ID. 
Figure 4 illustrates the fixed size of MAC CE for SP ZP CSI activation/deactivation. The length of the MAC CE is one byte. 


Figure 4 MAC CE for SP ZP CSI Activation/Deactivation
3 MAC CE for DL Beam Management
3.1 MAC CE for TCI State Indication for NR-PDCCH
	Specification number
	Section
	MAC CE Message
	Description
	Value range

	TS38.214
	5.1.5
	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 states
K <=M (M_max = 64, K_max = M_max)


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.  According to RAN1 agreement, the maximum number of CORESETs per BWP per cell is 3 and each CORESET of a cell is identified by an ID, the value range of which is 0~11. In the MAC CE for TCI state indication, the CORESET ID should be provided with 4 bits. 
According to the LS, 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.
Proposal 8:  MAC CE for TCI State Indication for NR-PDCCH has a variable size. One field of 4 bits is used to indicate the CORESET ID. The bitmap of K bits is used to indicate the selected TCI state. 
Figure 5 illustrates the variable size of MAC CE for TCI indication for NR-PDCCH. The length of the bitmap is K. 


Figure 5 MAC CE for TCI Indication for NR-PDCCH
3.2 MAC CE for TCI State Activation/Deactivation for NR-PDSCH
	Specification number
	Section
	MAC CE Message
	Description
	Value range

	TS38.214
	5.1.5
	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
M <=64, N=3


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. 
Considering totally 4 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. 
Proposal 9:  MAC CE for TCI State Activation for NR-PDSCH has a variable size. The bitmap of M bits is used to indicate TCI state activation/deactivation. 
Figure 6 illustrates the variable size of MAC CE for TCI activation/deactivation for NR-PDSCH. The length of the bitmap is M. 


Figure 6 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
	RAN1 specification
	Section
	MAC CE message
	Description
	Value range

	TS38.214
	6.2.1
	Semi-persistent SRS activation
	Activates a SP SRS resource set and provides the spatial QCL relationship (if activated)
	SP SRS Resource Set Id (the size of ID<=[SRS1=4]bits) | SSB ID (the size of ID <=6bits) /SRS resource ID (the size of ID<=[SRS2=5]bits) / CSI-RS resource ID (the size of ID <=7bits)

Each activated resource set can have up to S2 SRS resources therefore 
Total bits<=SRS1+SRS2*7



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/deactivate one of semi-persistent SRS resource sets. For the activated semi-persistent SRS resource sets, up to S2 SRS resources can be configured. Each SRS resource is identified by an ID, i.e. srs-ResourceId configured by RRC. Furthermore, the spatial QCI relationship should be provided for each SRS resource. 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. Considering the size SSB ID (6bits), CSI-RS ID (7bits), SRS ID (5bits) are different, RS type need to be indicated. In order to achieve the byte alignment, two RS type fields are used. RS type1 is used to indicate whether the RS is CSI-RS or not. If the RS type is CSI-RS, the following 7bits are used to indicate the CSI-RS ID; Otherwise, UE will check RS type2. RS type2 is used to differentiate SSB and SRS. If RS type2 indicates SSB, the following 6bits are SSB ID. Otherwise, the following 5bits are SRS ID and the least significate bit is ignored. 
Proposal 10: The MAC CE for SP SRS activation has a variable size. One field is used to indicate activation/deactivation. The other field of 4bits indicates the SP SRS resource set ID. 
Proposal 11: One field of one bit is used to indicate whether CSI-RS is QCLed or not. Another field of one bit is used to differentiate SSB and SRS. 
If lists of SSB ID/CSI-RS ID/SRS ID are provided, UE doesn’t know which SRS resource each ID corresponds to. One option is that the SRS resources ID is provided together with the RS ID for the SRS resources. However, the maximum CSI-RS resource ID would be 32 and 5bits will be needed for each SRS resource ID. The large signaling overhead is concerned. If SRS resource ID is not carried in the MAC CE, MAC needs to acquire srs-Resources configuration from RRC layer. So reference signal ID can be provided for each of the configured SRS resource e.g. in increasing order of the SRS resources ID.  
Proposal 12: The RS ID and the RS type for each configured SRS resource are present in the MAC CE with ascending order of the SRS resources ID.
Proposal 13: MAC layer maps RS IDs in the MAC CE to the SRS resource IDs from RRC for the activated SP SRS resource set. 
A variable size of MAC CE for Semi-persistent SRS activation/deactivation is illustrated in Figure 7.


Figure 7 MAC CE for semi-persistent SRS activation
4.2 MAC CE for UL Beam Indication for PUCCH
	Specification Number
	 
	Parameter Name
	Description
	Size/format

	TS38.214
	 9.2.1
	PUCCH-SpatialRelationInfo
	Provides the spatial relation for a PUCCH resource
	PUCCH resource ID (the size of ID <=[NCCH=4]bits) | Bitmap of size (the length of bitmap <= [QCLUL=8] bits)
(Bitmap activates one of the [QCLUL=8] entries within the RRC parameter PUCCH-Spatial-relation-info) 



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. Since multiple PUCCH resources can be configured per cell, a PUCCH resource ID is needed to indicate in the MAC CE. 
Proposal 14: MAC CE for UL Beam Indication for PUCCH has a fixed size of two bytes. One field of 4 bits is used for PUCCH resource ID. The bitmap of 8 bits is used to provide the spatial relation. 
Figure 8 illustrates the fixed size of MAC CE for UL beam indication for NR-PUCCH. 


Figure 8 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. 
Proposal 1: Both activation/deactivation is supported by the MAC CE for SP CSI reporting on PUCCH. 
Proposal 2: MAC CE for SP CSI reporting activation/deactivation on PUCCH has a fixed size and the length of the bitmap is one byte.  
Proposal 3: TCI_State_Id for each CSI-RS resource of the activated SP CSI-RS resource set is present in the MAC CE with ascending order of the CSI-RS resources ID.
Proposal 4: MAC layer maps the TCI_State_Ids in the MAC CE to the CSI-RS resource IDs from RRC for the activated SP CSI-RS resource set. 
Proposal 5: MAC CE for SP CSI-RS / CSI-IM Activation/Deactivation has a variable size. One field of one bit is used to indicate activation/deactivation, one field of one bit is used to indicate presence/absence of SP CSI-IM, and another field of 3bits is used to indicate the length of the TCI_State_Id.
Proposal 6: MAC CE for aperiodic CSI trigger state sub-selection has a variable size. The bitmap of Sc bits is used to indicate the selected trigger state. 
Proposal 7: MAC CE for SP ZP CSI activation/deactivation has a fixed size of one byte. One field of one bit is to indicate activation/deactivation. The other field of 4 bits is to indicate the SP ZP CSI-RS set ID. 
Proposal 8:  MAC CE for TCI State Indication for NR-PDCCH has a variable size. One field of 4 bits is used to indicate the CORESET ID. The bitmap of K bits is used to indicate the selected TCI state. 
Proposal 9:  MAC CE for TCI State Activation for NR-PDSCH has a variable size. The bitmap of M bits is used to indicate TCI state activation/deactivation. 
Proposal 10: The MAC CE for SP SRS activation has a variable size. One field is used to indicate activation/deactivation. The other field of 4bits indicates the SP SRS resource set ID. 
Proposal 11: One field of one bit is used to indicate whether CSI-RS is QCLed or not. Another field of one bit is used to differentiate SSB and SRS. 
Proposal 12: The RS ID and the RS type for each configured SRS resource are present in the MAC CE with ascending order of the SRS resources ID.
Proposal 13: MAC layer maps RS IDs in the MAC CE to the SRS resource IDs from RRC for the activated SP SRS resource set. 
Proposal 14: MAC CE for UL Beam Indication for PUCCH has a fixed size of two bytes. One field of 4 bits is used for PUCCH resource ID. The bitmap of 8 bits is used to provide the spatial relation. 
Proposal 15: RAN2 captures the following MAC CEs as baseline to support CSI acquisition, DL beam management and UL beam management. 


Figure 1 MAC CE for SP CSI reporting activation/deactivation


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


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


Figure 4 MAC CE for SP ZP CSI Activation/Deactivation


Figure 5 MAC CE for TCI Indication for NR-PDCCH


Figure 6 MAC CE for TCI activation/deactivation for NR-PDSCH


Figure 7 MAC CE for semi-persistent SRS activation


Figure 8 MAC CE for UL beam indication for PUCCH
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