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1 Introduction

In [1], an LS to introduce new MAC CEs for MIMO in NR was received from RAN1, indicating the following MAC CEs that need to be introduced:
Table 1-1 MAC CEs required by [1]

	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 [2], another LS was received from RAN1 to introduce one more MAC CE for PUCCH, with respect to NR MIMO as well:
Table 1-2 MAC CEs required by [2]
	Parameter Name
	Description
	Size/format

	PUCCH-SpatialRelationInfo
	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) 


RAN2 made some initial discussions on above MAC CEs in the last meeting, and an LS was sent from RAN2 to RAN1 for some further details/clarifications on these MAC CEs' design. The questions asked are listed in [3].
However, the LSs received from RAN1 [1][2] so far has already provided enough information for some of these MAC CEs to be designed right now, without need to wait for further RAN1 inputs. Therefore, this document discusses how to introduce these RAN1-required MAC CEs for NR MIMO into RAN2 specification. A complementary CR is also available in [5] to capture these MAC CEs in TS 38.321. 
2 Discussions
2.1 MAC CE for semi-persistent CSI-RS/CSI-IM activation/deactivation
This subclause discusses the MAC CE for Semi-persistent CSI-RS/CSI-IM activation/deactivation described in [1] as follows:
	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 | SP CSI-IM Resource Set Id | TCI_State_Id


It has already been clarified in Table 1-1 (i.e. row 3, column 3) that the maximum number of TCI states is M = 128 which depends on UE capability. Therefore 7 bits are needed to indicate a TCI state ID and they are only needed in case of activation. The maximum number of SP CSI-RS resource sets/SP CSI-IM resource sets are 16, respectively. Therefore 4 bits are needed to indicate a SP CSI-RS resource set ID/SP CSI-IM resource set ID.
Based on RAN1 agreement [4], “Activation and deactivation of semi-persistent CSI-IM is done with the same MAC CE message as that activates/deactivates semi-persistent CSI-RS”. Therefore, only one MAC CE format with a corresponding LCID needs to be introduced for both the activation/deactivation of SP CSI-IM resource set and that of SP CSI-RS resource set, instead of two for them respectively. Besdies, with the specific resource set ID (instead of a bitmap) to be used as instructed by RAN1, one bit is further needed to explicitly indicate whether this MAC CE is for activation or deactivation. 

However it is still FFS whether SP CSI-IM always activated with SP CSI-RS. We believe that SP CSI-IM can optionally present. One possible MAC CE format for SP CSI-RS/SP CSI-IM activation/deactivation is shown as follows.
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Figure1: activation/deactivation MAC CE for SP CSI-RS/CSI-IM 

· A/D (1 bit): this field indicates activation/deactivation. “1” indicates activation for CSI-RS/CSI-IM; “0” indicates deactivation for CSI-RS/CSI-IM.
· P(1 bit): this field indicates the presence of CSI-IM resource set ID. “1” indicates the presence of CSI-IM; “0” indicates the absence of CSI-IM.
· SP CSI-RS resource set ID (4bits): this field indicates the ID of a CSI-RS resource set (i.e. refering to NZP-CSI-RS-ResourceSetConfigId) which is configured as semi-persistent by RRC.

· SP CSI-IM resource set ID(4 bits): this field indicates the ID of a CSI-IM resource set (i.e. refering to CSI-IM-ResourceSetConfigId) which is configured as semi-persistent by RRC. The MAC entity shall ignore this field if P field indicates absence of CSI-IM resource set ID.

· TCI state ID(7 bits): this field indicates the QCL relationship configured by RRC with TCI_State_Id. This field is not present if A/D field indicates deactivation.
· R: reserved bits, set to 0.
Proposal 1: Introduce the MAC CE for activation/deactivation of SP CSI-RS/CSI-IM resource sets as proposed in Figure 1.
2.2 MAC CE for aperiodic CSI trigger state subselection

This subclause discusses the MAC CE for aperiodic CSI trigger state subselection described in [1] as follows
	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.)


Based on the above table, a bitmap shall be introduced. One possible MAC CE format for aperiodic CSI trigger state subselection is shown in figure 2. 
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Figure 2: MAC CE for aperiodic CSI trigger state subselection
-
Pi: if trigger state ID i is configured, this field indicates the whether trigger state ID I is selected; else, the MAC entity shall ignore the Pi field. The Pi field is set to "1" to indicate that the triggere state ID i shall be selected. The Pi field is set to "0" to indicate that the triggere state ID i shall not be selected; The number of Pi that is set to "1" shall be the configured bitwidth of CSI request field in DCI. Each selected trigger state is associated with a codepoint in CSI request field in DCI, i.e. one-to-one mapping in decreasing order. 
This MAC CE can either have a fixed size of N=16 octets containing 128-P fields, or a varaible size depending on the actual number of the aperiodic trigger states configured by the gNB. However, always including 16 bytes in this MAC CE seems too wasteful and may lead to excessive overhead (especially when the configured asperiodic trigger states are far less than 128). To this end, we prefer a variable size for this MAC CE. So, the size N in Figure 1 relies on the number of the aperiodic trigger states configured but shall not be more than 16 octets. 

Based on the above discussions, we have the following proposal for the MAC CE for aperiodic CSI trigger state subselection. 
Proposal 2: Introduce the MAC CE for aperiodic CSI trigger state subselection as in Figure 2. It has a variable size of N<=16 octets which depends on the number of aperiodic trigger states actually configured by the gNB.  
2.3 MAC CE for activation/deactivation of TCI states for PDSCH

This subclause discusses the MAC CE for activation/deactivation of TCI states for UE-specific PDSCH described in [1] as follows:
	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


Based on the above table, a bitmap shall be introduced. One possible MAC CE format for TCI activation/deactivation for PDSCH is shown as follows. Similarly, with M able to be up to 128, we prefer a vaiable size for this MAC CE to avoid excessive signalling overhead, i.e. the size N depends on the actual number of TCI states configured by the gNB but cannot be more than 16 octets. .
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Figure 3: MAC CE for activation/deactivation of TCI states for PDSCH
-
Pi: if TCI state ID i is configured, this field indicates the activation/deactivation status of TCI state ID i for PDSCH; else, the MAC entity shall ignore the Pi field. The Pi field is set to "1" to indicate that the TCI state ID i shall be activated. The Pi field is set to "0" to indicate that the TCI state ID i shall be deactivated. The size N depends on the actual TCI states configured by the gNB but shall not be more than 16 octets. Up to 8 TCI states can be activated for PDSCH simultaneously.

Proposal 3: Introduce the MAC CE for activation/deactivation of TCI states for PDSCH as proposed in Figure 3. It has a variable size of N<=16 octets which depends on the number of TCI states configured by the gNB. 
2.4 MAC CE for Indication of TCI state for PDCCH per CORESET
This subclause discusses the Indication of TCI for PDCCH per CORESET described in [1] as follows:
	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


Based on RAN1 agreement [4], “The QCL is provided through an association with one of the M candidate TCI states”. The TCI state ID is an ID of M candidate TCI states. Also, based on the above table, a bitmap per CORESET is used to select one out of K TCI states. As per RAN1 agreement [4], there may be up to three CORESETs configured, i.e. “In Rel-15, the max no. of CORESETs configurable for a BWP in a cell for a UE is [3]”. So, a CORESET index is needed in MAC CE, to indicate which specific CORESET for the activated BWP the MAC CE actually applies to . 
One possible MAC CE format is shown as follows. Also, as the K can be up to M <= 128 as in Table 1-1 (Row 3, Column 3), this MAC CE is also designed with a variable size, in order to avoid excessive signalling overhead. 
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Figure 4: MAC CE for TCI state indication for PDCCH per CORESET 
-
Pi: if TCI state ID i is configured, this field indicates the whether TCI state ID i is selected for PDCCH of corresponding CORSET; else, the MAC entity shall ignore the Pi field. The Pi field is set to "1" to indicate that the TCI state ID i shall be selected. The Pi field is set to "0" to indicate that the TCI state ID i shall not be selected.Only one TCI state is selected for a CORESET. The size N depends on the number of TCI states configured for the corresponding CORESET, and shall be no more than 16 octets. 
-
CORESET index (2 bit): this field indicates the CORESET index configured by RRC. 

-
R: reserved bits, set to 0.

Proposal 4: Introduce the MAC CE for Indication of TCI state for UE specific NR-PDCCH per CORESET as proposed in Figure 4. It has a variable size of N+1<=17 octets which depends on the number of TCI states configured for the indicated CORESET.
2.5 MAC CE for Semi-persistent CSI reporting (on PUCCH) activation/deactivation
This subclause discusses the MAC CE for CSI reporting (on PUCCH) activation/deactivation described in [1] as follows:
	Semi-persistent CSI reporting (on PUCCH) activation
	Activates a SP CSI Report
	Bitmap with length of the number of SP CSI reporting settings


Based on the above table, a bitmap shall be introduced. One possible MAC CE format for CSI reporting activation/deactivation is shown as follows. We think that at most 16 CSI Reports settings (on PUCCH) can be configured as Semi-persistent. So, the MAC in the Figure 5is designed to have a fixed size of two octets containing 16 P-fields, since an overhead of 2 bytes seems not that big and may not be further saved by making it variable size (which requires ‘L’ field in the subheader).
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Figure 5: MAC CE for for CSI reporting

-
Pi: if CSI reporting ID i is configured, this field indicates the activation/deactivation of SP CSI reporting ID I; else, the MAC entity shall ignore the Pi field. The Pi field is set to "1" to indicate that the CSI reporting ID i shall be activated. The Pi field is set to "0" to indicate that the CSI reporting ID i shall be deactivated; The activated CSI reporting shall not more than 1 simultaneously.
Proposal 5: Introduce the MAC CE for semi-persistent CSI reporting (on PUCCH) activation/deactivation as proposed in Figure 5.
2.6 MAC CE for Semi-persistent SRS activation/deacivation

This subclause discusses the MAC CE for SP SRS activation/deactivation described in [1] as follows:
	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


As the specific ID is used as decided by RAN1, the MAC CE may not be used for the network to activate/deactivate multiple SP SRS resource sets simultaneously. In addition, it should also be noted that an SP SRS resource set can be configured on either SUL or UL, if both of them are supported by the serving cell. To this end, one extra bit is needed in the MAC CE to indicate whether the SP SRS resource set is activated for SUL or UL. Therefore, one possible MAC CE format is shown in Figure 6. 
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Figure 6: SP SRS activation/deactivation MAC CE

-
SP SRS resource set ID(4 bits): this field indicates the SP SRS resources set with srs-ResourceSetID specified in RRC. 
-
S/U (1 bit): this field indicates whether the SP SRS resource set indicated is used for supplementary uplink or uplink. "1" indicates supplementary uplink; "0" indicates uplink.
-
V (2 bits): this field indicates the presence of a SSB ID or CSI-RS resource ID or SRS resource ID. "00" indicates SSB ID (i.e. referring to SSB index), "01" indicates CSI-RS resource ID (i.e. referring to NZP-CSI-RS-ResourceConfigId); "10" indicates SRS resource ID (i.e. referring to SRS-ResourceConfigId).

-
A/D (1 bit): this field indicates activation/deactivation. "1" indicates activation for SRS;"0" indicates deactivation for SRS. 

-
R(1 bit): reserved bits.
-
SSB ID/CSI-RS resource ID/SRS resource(6 bits): this field indicates spatial QCL relationship for a SP SRS resource set indicated by SP SRS resource set ID field if A/D field indicates activation. Otherwise this field is not presence.
Proposal 6: Introduce the MAC CE for SP SRS activation/deactivation as proposed in Figure 6.
2.7 MAC CE for Activation/Deactivation of spatial relation for a PUCCH resource

This subclause discusses the MAC CE for spatial relation for a PUCCH resource described in [2] as follows:
	PUCCH-SpatialRelationInfo
	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) 


One possible MAC CE format for indicate the spatial relation for a PUCCH resource is showed as following. It has a fixed size and consists of two octets containing 8 P-fields, one PUCCH resource ID field and 6 R fields.
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Figure 7: MAC CE format for Activation/Deactivation of spatial relation for PUCCH resource
-
PUCCH resource ID (2 bits): this field indicates the PUCCH resource with PUCCH resource ID specified in RRC.

-
Pi: if spatial relation ID i is configured, this field indicates the activation/deactivation status of spatial relation i for the PUCCH resource indicated by PUCCH resource ID field; else, the MAC entity shall ignore the Pi field. The Pi field is set to "1" to indicate that the spatial relation i for a PUCCH resource indicated by PUCCH resource ID field shall be activated. The Pi field is set to "0" to indicate that the spatial relation i shall be deactivated. Only one spatial relation is activated for PUCCH resource.

-
R: reserved bits.
Proposal 7: Introduce the MAC CE for Activation/Deactivation of spatial relation for PUCCH resource as proposed in Figure 7.
3 Conclusion

According to RAN1 agreements for beam management using MAC CE, we have the following proposals for new MACCEs to introduce in RAN2:
Proposal 1: Introduce the MAC CE for activation/deactivation of SP CSI-RS/CSI-IM resource sets as proposed in Figure 1.
Proposal 2: Introduce the MAC CE for aperiodic CSI trigger state subselection as in Figure 2. It has a variable size of N<=16 octets which depends on the number of aperiodic trigger states actually configured by the gNB.  

Proposal 3: Introduce the MAC CE for activation/deactivation of TCI states for PDSCH as proposed in Figure 3. It has a variable size of N<=16 octets which depends on the number of TCI states configured by the gNB. 
Proposal 4: Introduce the MAC CE for Indication of TCI state for UE specific NR-PDCCH per CORESET as proposed in Figure 4. It has a variable size of N+1<=17 octets which depends on the number of TCI states configured for the indicated CORESET.
Proposal 5: Introduce the MAC CE for semi-persistent CSI reporting (on PUCCH) activation/deactivation as proposed in Figure 5.
Proposal 6: Introduce the MAC CE for SP SRS activation/deactivation as proposed in Figure 6.
Proposal 7: Introduce the MAC CE for Activation/Deactivation of spatial relation for PUCCH resource as proposed in Figure 7.
A complementary CR is available in [5] to capture above MAC CEs in TS 38.321. 
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