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1 Introduction

At the RAN1 91 meeting, RAN1 agreements on beam management required to use MAC CE for a number of purposes and sent an LS[1] to RAN2 to define MAC CEs, as shown Table1.
Table 1 MAC CEs required by [1]
	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 Resoruce Set Id | SP CSI-IM Resource Set Id | TCI_State_Id

	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.)

	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

	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 (up to M) states

	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

	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 | SSB ID/SRS resource ID/CSI-RS resource ID


Another LS was received from RAN1 to introduce one more MAC CE for PUCCH in [2], with respect to NR MIMO as well, as shown Table 2.
Table 2 MAC CE required by [2]
	TS38.214
	Indication of spatial relation for PUCCH
	Provides the spatial relation for a PUCCH resource
	PUCCH resource ID | Bitmap of size [8]
(Bitmap activates one of the [8] entries within the RRC parameter PUCCH-Spatial-relation-info) 


In [3], it has been agreed to introduce semi-persistent ZP CSI-RS, and its activation/deactivation is informed by MAC-CE for NR MIMO, as shown Table 3.
 Table 3 MAC CE required by [3]
	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]


In this document, we will discuss the above required MAC CEs.
2 Beam management
2.1 MAC CE without indication of QCL/TCI state
Based on the RAN1 LS, RAN2 should define some MAC CEs for UE to activate SP SRS resources set or Activates/deactivates a SP CSI-RS resource set and a SP CSI-IM resource set, and provide the spatial QCL relationship (if activated). QCL relationship indicates the SSB or SP/P CSI-RS resources which are QCLed with the corresponding DMRS port of UE-specific PDCCH. RAN2 should also define a MAC CE for indication of TCI state for UE specific NR-PDCCH per CORESET, out of K TCI states (dynamically indicate (over DCI) a transmission configuration which includes QCL relationships) configured per CORESET, the MAC CE selects one out of K. 

RAN1 assumes that the QCL relationship can not be provided in below 6GHz case. We also assume that the QCL relationship can not be provided in deactivation case. The QCL relationship does not need to be associated with SP CSI-RS resources set or SP CSI-RS/SP CSI-IM if any of the following events occur:

· Below 6 GHz

· SP CSI-RS resources set is deactivated
Proposal 1: The MAC CE without QCL/TCI information should also be introduced, i.e. QCL/TCI relationship is not needed to be provided with MAC CE（SP CSI-RS resources set and SP CSI-RS/SP CSI-IM）if any of the following events occur:

· Below 6 GHz

· SP CSI-RS resources set is deactivated
2.1.1 MAC CE for Semi-persistent CSI-RS/CSI-IM
The size of SP CSI-RS resource set Id configured by NZP-CSI-RS-ResourceSetConfigId or CSI-IM resource set Id configured by CSI-IM-ResourceSetConfigId is <=4 bits, and the QCL relationship selects one TCI_State_Id configured by TCI-States out of 64 TCI states, which takes up 6 bits. Besides, SP CSI-IM resource Set Id is not always required to be signaled only if the network configures the SP CSI-IM Resource Set Id. SP CSI-RS Resource Set Id and SP CSI-IM Resource Set Id configured by network can be activated/deactivated simultaneously and be associated with same TCI state Id(if activated). It is also agreed that QCL source for the target SP CSI-RS resource set is provided by a list of TCI_State_IDs in the same MAC-CE that activates the SP CSI-RS resource set. The list provides the QCL source for each resource in the activated set. An applicable example of MAC CE is given for SP CSI-RS/CSI-IM.

The possible solution (variable size) is shown in Figure 1.
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Figure 1. SP CSI-RS/CSI-IM MAC CE
· A/D: This field indicates the activation/deactivation status of the SP CSI-RS Resources Set and SP CSI-RS Resources Set (If configured). The A field is set to "1" to indicate that the SP CSI-RS Resources Set and SP CSI-RS Resources Set shall be activated. The A field is set to "1" to indicate that the SP CSI-RS Resources Set and SP CSI-RS Resources Set shall be deactivated (If configured). The SP CSI-RS Resource Set is indicated in field SP CSI-RS Resource Set Id. The SP CSI-IM Resource Set is indicated in field SP CSI-IM Resource Set Id(If configured).
· R: Reserved bit, set to "0".
· SP CSI-RS Resource Set Id: This field indicates SP CSI-RS Resource Set Id with NZP-CSI-RS-ResourceSetConfigId specified in RRC.
· SP CSI-IM Resource Set Id: This field indicates SP CSI-IM Resource Set Id with CSI-IM-ResourceSetConfigId specified in RRC.
· TCI_state_Id: This field indicates the TCI_State_ID with TCI-States specified in RRC, which indicates TCI state for SP CSI-RS Resource and SP CSI-RS Resource .
Proposal 2: Introduce a MAC CE for activation/deactivation SP CSI-RS/CSI-IM Resources Set (see the Figure 1).
2.1.2 MAC CE for Aperiodic CSI trigger state subselection
For aperiodic CSI-RS , when the number of RRC configured CSI triggering states for the CSI request field is Sc > 2^N-1(Sc is variable and configures by RRC), an activation/deactivation MAC CE should be introduced for Aperiodic CSI trigger state subselection, which maps the Sc (Sc<=128) RRC configured aperiodic trigger states to 2^N-1 code points in CSI request field (N=Bitwidth of CSI request field in DCI). One possible solution (variable size) as showed figure 2, and the maximum number of 1s in the bitmap is up to 63. 
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Figure 2. Aperiodic CSI trigger state subselection MAC CE

· R: reserved bit, set to "0".

· Ai: Each bit represents the ID of aperiodic CSI trigger state configured in RRC. Value “1” indicates that the aperiodic CSI trigger state is selected for one code point in the CSI request field of DCI. Value “0” indicates that the aperiodic CSI trigger state is not selected. The first selected index of aperiodic CSI trigger state in the MAC CE represents the first code point in the CSI request field of DCI, namely code point “0”. The maximum number of Ai which can be set to “1” is 63. “k” equals to the number of aperiodic CSI trigger state configured in RRC. The MAC CE is byte aligned, and the remaining bits are reserved.

Proposal 3: Introduce a MAC CE for Aperiodic CSI trigger state subselection(see the Figure 2).
2.1.3 MAC CE for Activation of TCI state(s) for UE-specific PDSCH
Contains Transmission Configuration Indicator (TCI) states for dynamically indicating (over DCI) a transmission configuration which includes QCL relationships between the DL RSs in one RS Set and the PDSCH DMRS ports. We need to introduce a MAC CE for activation/deactivation up to 2^N TCI states from a list of M TCI state. N is fixed to 3, then 2^N = 2^3 = 8. M is configurable, and up to 64). 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. The possible solution (variable size) as shown Figure 3.
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Figure 3. Activation of TCI state(s) for UE-specific PDSCH MAC CE
· R: reserved bit, set to "0".

· Ai: this field indicates the activation/deactivation status of the TCI state configured by upper layers. A1 corresponds to the value “1” of TCI-States, A2 corresponds to the value “2” of TCI-States and so on. The Ai field is set to "1" to indicate that the TCI_State_Id as indicated by TCI-States shall be activated. The Ai field is set to "0" to indicate that the TCI state as indicated by TCI-States shall be deactivated. The maximum number of Ai field which can be set to “1” is 8. 
Proposal 4: Introduce a MAC CE for Activation of TCI state(s) for UE-specific PDSCH(see the Figure 3).
2.1.4 MAC CE for indication of TCI state for UE specific NR-PDCCH per CORESET
When network newly configures a CORESET, which TCI state should be used to monitor CORESET? Each state of M candidate TCI states is RRC configured with a DL RS set used as a QCL reference. For PDSCH QCL indication, MAC-CE is used to select up to 8 TCI states out of M. The same set of M TCI state are reused for CORESET. When K>1 TCI states are configured per CORESET, MAC-CE can indicate which one TCI state to use for PDCCH QCL state. There is ambiguous that which TCI state is used for PDCCH QCL between RRC configuration and MAC-CE indication. So a default TCI state can be introduced to provide the PDCCH QCL until MAC-CE indication.
Proposal 5: A default TCI state can be configured to provide the PDCCH QCL until MAC-CE indication after RRC configuration.

The MAC CE message for out of the K TCI states configured per CORESET, the MAC CE selects one out of K(K<=M, the maximum number of M is 64). Confirming the TCI_State_Id for the CORESET, the UE can use the TCI_State_Id to monitor the CORESET. One possible solution (fixed size) is that an indication of a single TCI state’s identifier can be used such that overhead could be reduced significantly. The possible solution (fixed size) as shown Figure 4. 
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Figure 4. Indication of TCI state for UE specific NR-PDCCH per CORESET MAC CE

· CORESET Id: This field identifies CORESET index configured by RRC.
–
TCI_State_ID: This field indicates the TCI_State_ID with TCI-States specified in RRC, which indicates TCI state for UE specific NR-PDCCH per CORESET. 

Proposal 6: Introduce a MAC CE for indication of TCI state for UE specific NR-PDCCH per CORESET (see the Figure 4).
2.1.5 MAC CE for SP CSI reporting(on PUCCH) activation
If a UE is configured with semi-persistent CSI reporting, the UE shall report CSI when both CSI-IM and non-zero power CSI-RS resources are configured as periodic or semi-persistent. A UE shall perform semi-persistent CSI reporting on the PUCCH upon successfully decoding a selection command. The selection command will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured. Therefore, we also should define a MAC CE to activate/deactivate the RRC configured CSI measurements by higher layer. One possible solution (fixed size) is that a bitmap (The length of bitmap <=8 bits, which is FFS) is introduced to activate/deactivate a SP CSI reporting as showed below Figure 5.
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Figure 5. SP CSI reporting(on PUCCH) activation MAC CE

· Ai: This field indicates the activation/deactivation status of the semi-persistent CSI reporting configured by upper layers. A1 corresponds to the value “1” of csi-reportConfigId, A2 corresponds to the value “2” of csi-reportConfigId and so on. The Ai field is set to "1" to indicate that the semi-persistent CSI reporting shall be activated. The Ai field is set to "0" to indicate that the semi-persistent CSI reporting shall be deactivated. The maximum number of Ai field which can be set to “1” is 1. 
Proposal 7: Introduce a MAC CE for SP CSI reporting(on PUCCH) activation (see the Figure 5).
2.1.6 MAC CE for Semi-persistent SRS activation
In RAN1 Ad Hoc NR 1801 it was agreed that the spatial relation for the activated SP SRS resource set is provided by a list of RS IDs in the same MAC-CE that activates the SP SRS resource set. The list provides the spatial relation for each resource in the activated set. Each element of the list can be either an SSB ID or SRS resource ID or CSI-RS resource ID.
The size of SP SRS resource set Id configured by SRS-ResourceSetConfigId is 4 bits (FFS). The QCL relationship selects one out of the SSB ID (One out of 4 (<3GHz), 8 (3-6GHz), 64 (>6GHz))/SRS resource ID (configured by SRS-ResourceConfigId) /CSI-RS resource ID (configured by NZP-CSI-RS-ResourceConfigId). The size of SSB ID is <= 6 bits, the size of CSI-RS resource ID is <= 7 bits, the size of SRS resource ID is <= 5 bits (FFS). The possible solution as shown below Figure 6. It has variable size as the number of SP SRS Resources configured by RRC and the n number of octets with V1 field and V2 field, and RS ID type is included in ascending order of SP SRS Resource Id. The indication RS ID type command is defined in Figure 7, Figure 8 and Figure 9 and provides RS ID.
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Figure 6. Semi-persistent SRS activation MAC CE
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Figure 7. Indication SSB ID of spatial relation for each resource
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Figure 8. Indication SRS resource ID of spatial relation for each resource
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Figure 9. Indication CSI-RS resource ID of spatial relation for each resource

–
A/D: This field indicates the activation/deactivation status of SP SRS Resource Set with SRS-ResourceSetConfigId specified in RRC. The A/D field is set to "1" to indicate that the SP SRS Resource Set shall be activated. The A/D field is set to "0" to indicate that the SP SRS Resource Set hall be deactivated. The SP SRS Resource Set is indicated in field SP SRS Resource Set Id. 

· S: This field indicates whether the activation/deactivation of SP SRS applies to the SUL or the non-SUL.
· R: Reserved bit, set to "0". 0 represents the activation/deactivation of SP SRS applies to the SUL. 1 represents the activation/deactivation of SP SRS applies to the non SUL.
· SP SRS Resource Set Id: This field indicates SP SRS Resource Set Id with SRS-ResourceSetConfigId specified in RRC.

· V1: Indicates the resource type for the QCL relation corresponding to the indicated “SP SRS Resource Set Id”. “0” represents CSI-RS. “1” represents SRS or SSB.
· V2: Indicates the resource type for the QCL relation corresponding to the indicated “SP SRS Resource Set Id”. “0” represents SRS. “1” represents SSB.
· SSB ID/SRS Resource ID/CSI-RS Resource ID: Indicates the SSB ID/SRS resource ID/CSI-RS resource ID (CSI-RS Resource ID refers to NZP-CSI-RS-ResourceConfigId, the SSB ID selects One out of 4 (<3GHz), 8 (3-6GHz), 64 (>6GHz), and the SRS ID refers to SRS-ResourceConfigId ) corresponding to the indicated “SP SRS Resource Set Id”. The RS ID type (e.g. SSB/SRS/CSI-RS) is indicated in field “V1” and field “V2”. 

Proposal 8: Introduce a MAC CE for SP SRS activation (see the Figure 6 to Figure 9).
2.1.7 MAC CE for indication QCL for PUCCH resource
Based on RAN1 agreement, PUCCH beam indication for per PUCCH resource is configured by RRC. The PUCCH beam information belonging to PUCCH-Spatial-relation-info is related to SSB ID, CRI or SRI. When PUCCH-Spatial-relation-info only includes one SpatialRelationInfo IE UE can use this IE directly rather than introducing a MAC CE. When the PUCCH-Spatial-relation-info contains multiple entries (SSB ID/CRI/SRI), the MAC CE is used to indicate the spatial relation information between PUCCH resource and PUCCH-Spatial-relation-info. RAN2 should introduce a MAC CE format for indication QCL for PUCCH resource. One possible solution(fixed size) is showed in Figure 10.

The MAC CE has fixed size and the size of PUCCH resource ID indicated by PUCCH-resource-index is <= 4 bits (FFS).The length of bitmap for QCL relationship is <= 8 bits (FFS), and the bitmap is used to activate one of the QCL relationships. 
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Figure 10. Indication of spatial relation for PUCCH MAC CE
· R: Reserved bit, set to "0".
· PUCCH resource ID: This field indicates i st PUCCH resource ID with PUCCH-resource-index specified in RRC.
· QCL relationship: This field indicates the spatial relation for PUCCH resource configured by higher layers. 

Proposal 9: Introduce a MAC CE for indication QCL for PUCCH resource (see the Figure 10). 
2.1.8 MAC CE for SP ZP CSI-RS
At RAN2 NR Ad hoc 1801 meeting, LS response to RAN2 on MAC CEs for beam management and CSI is received by RAN2. It has been agreed to introduce semi-persistent ZP CSI-RS, and its activation/deactivation is informed by MAC-CE. The size of SP ZP CSI-RS Resource Set is <= 4 bits (FFS). One possible solution(fixed size) is showed in Figure 11.
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Figure 11. Semi-persistent ZP CSI-RS MAC CE

–
A/D: This field indicates the activation/deactivation status of SP ZP CSI-RS Resources Set configured by upper layers. The A/D field is set to "1" to indicate that the SP ZP CSI-RS Resources Set configured by RRC shall be activated. The A/D field is set to "0" to indicate that the SP ZP CSI-RS Resources Set configured by RRC shall be deactivated. The SP ZP CSI-RS Resources Set is indicated in field SP ZP CSI-RS Resources Set. 
· R: Reserved bit, set to "0".
–
SP ZP CSI-RS Resource Set Id: This field indicates i st SP ZP CSI-RS Resource Set specified in RRC.

Proposal 10: Introduce a MAC CE for Semi-persistent ZP CSI-RS (see the Figure 11).
3 Conclusion

According to RAN1 agreements for beam management using MAC CE, we have the following proposals for new MAC CEs to introduce in RAN2:
Proposal 1: QCL relationship is not needed to be provided with MAC CE（SP CSI-RS resources set and SP CSI-RS/SP CSI-IM）if any of the following events occur:

· Below 6 GHz

· SP CSI-RS resources set is deactivated
Proposal 2: Introduce a MAC CE for activation/deactivation SP CSI-RS/CSI-IM Resources Set as following：
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Proposal 3: Introduce a MAC CE for Aperiodic CSI trigger state subselection as following:
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Proposal 4: Introduce a MAC CE for Activation of TCI state(s) for UE-specific PDSCH as following:
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Proposal 5: A default TCI state can be configured to provide the PDCCH QCL until MAC-CE indication after RRC configuration.
Proposal 6: Introduce a MAC CE for indication of TCI state for UE specific NR-PDCCH per CORESET as following:
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Proposal 7: Introduce a MAC CE for SP CSI reporting(on PUCCH) activation as following:
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Proposal 8: Introduce a MAC CE for SP SRS activation as following: 
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Proposal 9: Introduce a MAC CE for indication QCL for PUCCH resource as following:
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Proposal 10: Introduce a MAC CE for Semi-persistent ZP CSI-RS as following:
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A complementary TP is available in [4] to capture above MAC CEs in TS 38.321. 
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