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1 Introduction

In the last meeting, RAN1 provided the list of MAC CE parameters for MIMO [1] to be considered by RAN2, and RAN2 sent LS [2] to RAN1 with some questions in order to clarify the details to design MAC CEs properly.
In the provided list by RAN1, there are six items to be added in the specification even though they are not perfectly described from RAN2 perspective. Moreover, there is an additional agreement [3] on using MAC-CE to provide spatial relation for PUCCH which was missed from the list of MAC CE parameter, as below. 
	Agreement:
Modify the RRC parameter PUCCH-Spatial-relation-info as list. 
Each entry can be SSB ID or, a CRI, or a SRI
One or multiple SpatialRelationInfo IE(s) is included in the list.
Introduce MAC-CE signalling to provide spatial relation information for a PUCCH resource to one of the entries in PUCCH-Spatial-relation-info
If PUCCH-Spatial-relation-info includes one SpatialRelationInfo IE, UE applies the configured SpatialRelationInfo and no MAC-CE is used.
MAC-CE Impact:
MAC CE message

Description

Value range

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) 




We think it is beneficial to make the new MAC CEs with provided information even though they are not perfectly matched with all functions.

In this contribution, we propose/design the new MAC CEs for MIMO based on RAN1 input, to be discussed during the meeting.
2 Discussion
Based on RAN1 input which includes the list of MAC CE parameters for MIMO [1] and an additional agreement on the spatial relation for PUCCH [3], the main features to help making the new MAC CEs are summarized in Table 1.
Table 1 MAC CE parameters for NR MIMO

	MAC CE message
	Description
	Value range

	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-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.)

	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

	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 the below sub clauses, we describe/design the each MAC CE with our understanding based on the above information.  The main objective of this contribution is to provide the high-level MAC CE designs including all main features, so it can be easily implemented to the specification. The detail explanation of above parameters are extracted from TS 38.214 [4] and RRC L1 parameters [5]
2.1 TCI States Activation/Deactivation MAC CE
The UE can be configured up to M TCI-States by RRC signalling to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell where M depends on the UE capability. Each configured TCI (Transmission Configuration Indicator) state includes one RS set TCI-RS-SetConfig. Each TCI-RS-SetConfig contains parameters for configuring quasi co-location (QCL) relationship between the reference signals in the RS set and the DM-RS port group of the PDSCH.
RAN1 introduced TCI States Activation/Deactivation MAC CE to activate/deactivate 2N TCI states out of M TCI states for PDSCH QCL indication, where the size of the configured TCI states (M) is less than or equal to 128 and N is less than or equal to 3. RAN1 request this MAC CE format will be a bitmap and it is reasonable since the multiple fields can simultaneously be activated or deactivated. However, M is configured by RRC, and there are no guidelines how many it can be configured, so we assume the value M is freely selected up to 128. It means the size of bitmap is various and it can be determined by the size of M.

Observation 1. The size of TCI States Activation/Deactivation MAC CE as a form of bitmap can be varied what the M is configured.
2.2 TCI State Indication MAC CE
TCI State Indication MAC CE is introduced to indicate which TCI state for one CORESET scheduling PDSCH can be applied for PDSCH antenna port QCL. If a UE is configured with the RRC parameter TCI-PresentInDCI is set as 'Enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DL DCI of the PDCCH transmitted on the CORESET, so this MAC CE indicates the explicit ID of the TCI state. If TCI-PresentInDCI is set as 'Disabled' for the CORESET scheduling the PDSCH, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. 
RAN1 requested this MAC CE have a bitmap format to select one out of K states, where the size of TCI states configured for CORESET, K is less than or equal to M. However, only one explicit ID will be signalled by this MAC CE, we think indicating explicit ID of TCI state is better than using bitmap in terms of overhead for signalling. If we select the option to signal explicit ID of TCI state it may have fixed size with 7 bits because the maximum TCI states configured by RRC is 128. It means we only need one-byte length MAC CE if we use the explicit ID of TCI state, but if we select the option to signal using bitmap, it may have 7 byte with various size what the K is configured. Therefore, signalling the explicit ID of TCI state is efficient way even RAN1 request bitmap format for TCI State Indication MAC CE.

Furthermore, we think there are two options to determine what the TCI ID is, 1) the global TCI ID among all configured M TCI states, 2) The local ID among K TCIs configured for one CORESET.
Observation 2. For the TCI state indication MAC CE, signalling the explicit ID of TCI state is more efficient in terms of size for MAC CE compared with bitmap format.
Proposal 1: For the TCI state indication MAC CE, signalling the explicit ID of TCI state is used, and selection between global TCI ID and local TCI ID is up to the RAN1 decision.
2.3 Semi-Persistent CSI-RS/CSI-IM Activation/Deactivation MAC CE
RAN1 introduced the Semi-Persistent CSI-RS/CSI-IM Activation/Deactivation MAC CE to activate/deactivate a semi-persistent CSI-RS resource set and a semi-persistent CSI-IM resource set. Moreover this MAC CE provides the QCL relationship. Based on the RAN1 input, one CSI-RS resource set ID and one CSI-IM resource set ID are signaled with TCI sate ID. Here the number of CSI-RS resource set and CSI-IM resource set is limited by 16, so 4 bits can be used for CSI-RS resource set ID and CSI-IM resource set ID. For the QCL relationship, one out of 2N TCI states can be signaled, where N is less than or equal to 3. We think for the size of TCI state ID 3 bis are enough to reduce the MAC CE size, if we consider future enhancement 4 bits of TCI state ID can be acceptable.

We think for this MAC CE one additional indicator should be added to indicate activation or deactivation. This MAC CE cannot distinguish whether is is for activation or deactivation as it is, so one bit indication for activation/deactivation is needed.

Observation 3. For Semi-Persistent CSI-RS/CSI-IM Activation/Deactivation MAC CE, the fixed size MAC CE format including CSI-RS resource set ID, CSI-IM resource set ID and TCI state ID can be used.
Proposal 2: For Semi-Persistent CSI-RS/CSI-IM Activation/Deactivation MAC CE, an additional 1 bit indicator for activation/deactivation is needed.
2.4 Aperiodic CSI Trigger State Indication MAC CE
For the aperiodic CSI trigger, Sc aperiodic trigger states are configured as defined by AperiodicReportTrigger as specified in RRC. When the number of configured CSI triggering states in AperiodicReportTrigger is greater than, 2reportTriggerSize  where reportTriggerSize is the number of bits in the DCI CSI request field, This MAC CE maps up to 2reportTriggerSize -1 trigger states from AperiodicReportTrigger to the codepoints of the DCI CSI request field. reportTriggerSize is configured by the RCC parameter ReportTriggerSize within {0, 1, 2, 3, 4, 5, 6}. Here, the size of bitmap Sc is less than or equal to 128, and the number of entries set to “1” is equal to 2reportTriggerSize.
As RAN1 requested the bitmap format for the Aperiodic CSI Trigger State Indication MAC CE is reasonable since multiple signalling/mapping are needed from the Sc trigger states. The length of the Aperiodic CSI Trigger State Indication MAC CE is various and it is determined by what the value Sc is configured.
Observation 4. The size of Aperiodic CSI Trigger State Indication MAC CE as a form of bitmap can be varied, and it is determined by how many trigger states are configured.
2.5 Semi-Persistent CSI Reporting Activation MAC CE
A UE shall perform semi-persistent CSI reporting on the PUCCH upon successfully decoding a Semi-Persistent CSI Reporting Activation MAC CE. The selection command will contain one or more CSI Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured.
As a bitmap format, this MAC CE indicates the one or more CSI reporting setting indications from L CSI reporting settings defined in ReportConfigList, as specified in TS 38.331, where the length of the semi-persistent CSI reporting setting (L) is determined by ReportConfigMax. The length of the Semi-Persistent CSI Reporting Activation MAC CE is various and it is determined by what the value L is configured.

Observation 5. The size of Semi-Persistent CSI Reporting Activation MAC CE as a form of bitmap can be varied, and it is determined by how many semi-persistent CSI reporting setting are configured.
2.6 Semi-persistent SRS activation/deactivation MAC CE
The Semi-persistent SRS activation MAC CE is used to activate/deactivate a semi-persistent SRS resource set and provides the spatial QCL relationship if activated. For a UE configured with one or more SRS resource configuration(s), and when the RRC parameter SRS-ResourceConfigType is set to 'semi-persistent', this MAC CE is used for activation/deactivation for SRS resource set.

If the UE is configured with the RRC parameter SRS-SpatialRelationInfo set to 'SSB/PBCH', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the SSB/PBCH, if the RRC parameter SRS-SpatialRelationInfo is set to 'CSI-RS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the periodic CSI-RS or of the semi-persistent CSI-RS, if the RRC parameter SRS-SpatialRelationInfo is set to 'SRS', the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the transmission of the periodic SRS or of the semi-persistent SRS.
For Semi-persistent SRS activation MAC CE, two explicit ID of semi-persistent SRS resource set and SSB ID/SRS resource ID/CSI-RS resource ID are included, here the SSB ID/SRS resource ID/CSI-RS resource ID is determined what the RRC parameter SRS-SpatialRelationInfo is set to, so the type indication in this MAC CE is not needed i.e. RRC configured setting for SSB/SRS/CSI-RS is used for Semi-persistent SRS activation MAC CE.
We think for this MAC CE one additional indicator should be added to indicate activation or deactivation. This MAC CE cannot distinguish whether is is for activation or deactivation as it is, so one bit indication for activation/deactivation is needed.

Observation 6. For Semi-persistent SRS activation MAC CE, the fixed size MAC CE format including semi-persistent SRS resource set ID and SSB ID/SRS resource ID/CSI-RS resource ID can be used.
Proposal 3: For Semi-persistent SRS activation MAC CE, an additional 1 bit indicator for activation/deactivation is needed.
2.7 Spatial Relation Indication MAC CE
As we indicated in the above, one additional agreement on using MAC-CE to provide spatial relation for PUCCH is missing, so we provide the Spatial Relation Indication MAC CE to provide spatial relation information for a PUCCH resource to one of the entries in PUCCH-SpatialRelationInfo. If PUCCH-SpatialRelationInfo includes one SpatialRelationInfo IE, UE applies the configured SpatialRelationInfo and no MAC-CE is used.
Here, the size of PUCCH resource set is configured by RRC within {4, 5, 6, 7, 8}, so the index to be used in the PUCCH resource sets is {0, 1, 2, 3, …, PUCCH-resource-set-size-1}. It means only 3 bits are enough to signal the PUCCH resource ID. RAN1 provide the size of bitmap should be 8 bits i.e. Bitmap activates one of the 8 entries within the RRC parameter PUCCH-SpatialRelationInfo. We think this bitmap format is reasonable since the size can be same compared with the case which the explicit ID is signaled, and bitmap format have merit to further extension.

Observation 7. For Spatial Relation Indication MAC CE, the fixed size MAC CE format including PUCCH resource ID and bitmap format with 8 entities to activate PUCCH-SpatialRelationInfo can be used.
Proposal 4: Based on the above observation and proposal, the corresponding CR [6] designing the new MAC CEs for MIMO is provided for RAN2 to approve.
3 Conclusion

In this contribution, we provide our view on MAC CE for NR MIMO design and ask RAN2 to discuss the following observation and proposal:
Observation 1. The size of TCI States Activation/Deactivation MAC CE as a form of bitmap can be varied what the M is configured.
Observation 2. For the TCI state indication MAC CE, signalling the explicit ID of TCI state is more efficient in terms of size for MAC CE compared with bitmap format.
Observation 3. For Semi-Persistent CSI-RS/CSI-IM Activation/Deactivation MAC CE, the fixed size MAC CE format including CSI-RS resource set ID, CSI-IM resource set ID and TCI state ID can be used.
Observation 4. The size of Aperiodic CSI Trigger State Indication MAC CE as a form of bitmap can be varied, and it is determined by how many trigger states are configured.
Observation 5. The size of Semi-Persistent CSI Reporting Activation MAC CE as a form of bitmap can be varied, and it is determined by how many semi-persistent CSI reporting setting are configured.
Observation 6. For Semi-persistent SRS activation MAC CE, the fixed size MAC CE format including semi-persistent SRS resource set ID and SSB ID/SRS resource ID/CSI-RS resource ID can be used.
Observation 7. For Spatial Relation Indication MAC CE, the fixed size MAC CE format including PUCCH resource ID and bitmap format with 8 entities to activate PUCCH-SpatialRelationInfo can be used.
Proposal 1: For the TCI state indication MAC CE, signalling the explicit ID of TCI state is used, and selection between global TCI ID and local TCI ID is up to the RAN1 decision.
Proposal 2: For Semi-Persistent CSI-RS/CSI-IM Activation/Deactivation MAC CE, an additional 1 bit indicator for activation/deactivation is needed.
Proposal 3: For Semi-persistent SRS activation MAC CE, an additional 1 bit indicator for activation/deactivation is needed.
Proposal 4: Based on the above observation and proposal, the corresponding CR [6] designing the new MAC CEs for MIMO is provided for RAN2 to discuss.
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