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Discussion & Decision 
1. Introduction
For the response of RAN2 LS [1], RAN1 sent response LS [2] with answers about RAN2’s questions regarding some unclear factors for designing MAC CEs for NR MIMO. In addition, RAN1 provided the list of MAC CE parameters for NR MIMO to be considered by RAN2 [2].

Though RAN1 didn’t send response LS for the latest RAN2 LS [3] which have the additional questions, in this contribution, we propose/design the new MAC CEs for MIMO based on RAN1 input [2], to be discussed during the meeting.
2. Discussion

Based on the newly updated RAN1 input [2] which includes the list of MAC CE parameters for NR MIMO and response for RAN2’s questions in LS [1]. It seems 8 new MAC CE should be designed for NR MIMO.

In the below sub clauses, we describe/design the each MAC CE based on RAN1’s input. 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
Activation/Deactivation of TCI state for PDSCH MAC CE

	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
M <=64, N=3


The TCI (transmission configuration indicator) framework is specified for beam indication/switch for PDCCH, PDSCH and CSI-RS. Each RRC configured TCI state includes one RS set (SSB or CSI-RS or TRS) and contains parameters for configuring quasi co-location (QCL) relationship between the reference signals (SSB ID or CSI-RS ID or TRS ID) in the RS set and the DM-RS port group of the PDSCH.
The UE can be configured up to M TCI-State 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. RAN1 introduced MAC CE for Activation/Deactivation of TCI state for UE-specific PDSCH 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 64 and N is less than or equal to 3. RAN1 requested this MAC CE format will be a bitmap and it is reasonable since the multiple fields can be simultaneously 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 64. It means the size of bitmap is various and it can be determined by the size of M.

The Activation/Deactivation of TCI state for PDSCH MAC CE is defined in Figure 1:
-
Ai: if there is a list of M TCI states configured with TCI-State which include a downlink RS set used as a QCL reference, as specified in TS 38.331, this field indicates the activation/deactivation up to 8 TCI states for PDSCH simultaneously from M configured TCI states. The Ai field is set to "1" to indicate that the TCI-State ID I shall be activated. The Ai field is set to "0" to indicate that the TCI-State ID i shall be deactivated.
-
R: Reserved bit, set to "0". The number of this field is determined by M for byte align.
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Figure 1. Activation/Deactivation of TCI state for PDSCH MAC CE
Proposal 1: Introduce the MAC CE for Activation/Deactivation of TCI State for PDSCH as described in Figure 1. The size of Activation/Deactivation of TCI state for PDSCH MAC CE as a form of bitmap can be varied what the M (<=64) is configured by gNB.
2.2
Indication of TCI state for PDCCH MAC CE
	MAC CE message
	Description
	Value range

	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
K <=M (M_max = 64, K_max = M_max)


MAC CE for Indication of TCI state for PDCCH per CORESET 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 6 bits because the maximum TCI states configured by RRC is 64. 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 8 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, there are two options to determine what the TCI State ID is: 1) the global TCI ID among all configured M TCI states, 2) The local ID among K TCIs configured for one CORESET. Based on RAN1’s response in [2], the TCI State ID is an ID of the M configured TCI states.

For the CORESET ID which RAN2 asked to RAN1, it seems the CORESET ID is necessary since this MAC CE is used to indicate the TCI state for one CORESET. So, it is natural to add CORESET ID in this MAC CE to distinguish which CORESET is indicated by this signaling. Moreover, the maximum number of CORESET ID is 12 (from 0 to 11) based on the current ASN.1 in 38.331, so at least 4 bits are needed to signal CORESET ID.
	Agreements on RAN1-AH#1801:

· A UE can be configured with a search space configuration by UE-specific RRC signaling which includes following:

· CORESET ID (range: 0-11, to indicate which CORESET the search space is mapped to)
· The search space can be associated with any CORESET configuration

· When the CORSET ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH

· Search space ID (range: 0-39)

· When the search space ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH


For the question RAN2 sent in LS [3], RAN1 made some agreements.

	Question 9: For TCI State Indication for UE-specific PDCCH – since PDCCH-Config is inside the BWP configuration and hence a particular TCI state can only be identified uniquely if also the (CORESET's) BWP ID is known. Is RAN1's understanding that the BWP ID should also be signalled in the MAC CE? Or is the assumption that the UE interprets a received MAC CE based on the currently active BWP?

Agreement:

· Maximum number of candidate TCI states is M_max. Down-select to one of the following two alternatives:

· Alt-1: M_max = 64 

· Note that the value M_max is for configuration of TCI states only

· Relationship between RRC configuration of TCI states and bandwidth parts is decided by RAN2




From the RAN1 response, RAN2 can decide whether BWP ID is indicated in this MAC CE. For TCI state configuration, there can be two alternatives for RRC configuration of TCI support. 

· Alt 1. TCI state configuration per BWP configuration
· Alt 2. Unified TCI state configuration which has a link to BWP (e.g. BWP ID)

For Alt 1, BWP ID needs to be signalled, but for Alt 2, no need to be signalled. Moreover, indication with the global CORESET ID, BWP ID may not be needed to signal. It seems some link information or limitation between BWP and CORESET is necessary if we use Alt 2. From our understanding, it is highly dependent on the ASN.1 results, so we can design this MAC CE after clear signalling for BWP and CORESET are finished.

The Indication of TCI state for PDCCH MAC CE is defined in Figure 2:
-
CORESET ID: this field identifies the index of ControlResourceSetId as configured by upper layers.
-
TCI State ID: this field identifies the one out of K TCI states configured with TCI-StatesPDCCH which is a subset of the TCI states defined in M configured TCI-State, as specified in TS 38.331, where K is less than or equal to M. The length of the field is 6 bits.
-
R: Reserved bit, set to "0".
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Figure 2. Indication of TCI state for PDCCH MAC CE
Proposal 2: Introduce the MAC CE for Indication of TCI state for PDCCH per CORESET as described in Figure 2. For the form of signaling of TCI State, the explicit ID of TCI state using 6 bits is used and 4 bits CORESET ID is indicated to distinguish which CORESET is used by this MAC CE.
2.3
Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE

	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 (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 = 392 bits


RAN1 introduced the Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM 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 in LS [2], RAN1 provide following information:

	Question 4: Is SP CSI-IM always activated with SP CSI-RS or can it be optionally present?

Answer 4: Presence of SP CSI-IM is optional. If SP CSI-RS is used for L1-RSRP reporting, SP CSI-IM shall be absent.”


Therefore Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE shall include CSI-RS resource set ID as mandatory and CSI-IM resource set ID is optionally signaled. 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, all TCI-States corresponding with each CSI-RS resource configured in the indicated CSI-RS resource set ID should be indicated. Even though it requires many bits for the worst case (e.g, one CSI-RS resource set includes 64 CSI-RS resource IDs), the overhead problem is not severe because this MAC CE is transferred by downlink. It may be possible to reduce the MAC CE size with optimization but it requires many RRC changes and mapping rules between CSI-RS resource and TCI-state, so it is better to use the format which RAN1 requested.

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

The Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE is defined in Figure 3. The size of this MAC CE is determined by the number of configured CSI-RS resources in the indicated CSI-RS resource set.
- 
A/D: this field indicate the status of activation/deactivation of the CSI resources configured by upper layers. The A/D field is set to "1" the corresponding Semi-Persistent CSI-RS Resource Set ID shall be activated. The A/D field is set to "0" the corresponding Semi-Persistent CSI-RS Resource Set ID shall be deactivated.

-
Semi-Persistent CSI-RS Resource Set ID: this field identifies the index of NZP-CSI-RS-ResourceSetConfigId as configured by upper layers, where the length of this field is 4 bits.

-
Semi-Persistent CSI-IM Resource Set ID: this field identifies the index of CSI-IM-ResourceSetConfigId as configured by upper layers, where the length of this field is 4 bits and this field is optionally present.
-
TCI State IDi: this field identifies the QCL relationship for the CSI-RS resource i in the indicated NZP-CSI-RS-ResourceSetConfigId. 

-
R: Reserved bit, set to "0".
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Figure 3. Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE
Proposal 3: Introduce the MAC CE for Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM as described in Figure 3. The size of this MAC CE is variable and it is determined by the number of configured CSI-RS resources in the indicated CSI-RS resource set. 
2.4
Aperiodic CSI Trigger State Subselection MAC CE
	MAC CE message
	Description
	Value range

	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


For the aperiodic CSI trigger, Sc aperiodic trigger states are configured as defined by AperiodicReportTrigger as specified in RRC, so the bitmap size is variable. 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-1.
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.

The Aperiodic CSI Trigger State Subselection MAC CE is defined in Figure 4.
-
Ti: this field indicates the 2reportTriggerSize -1 codepoints of CSI request field from the list of S configured aperiodic trigger states defined by aperiodicReportTrigger, as specified in TS 38.331, where reportTriggerSize is less than or equal to 6 and that the number of entries set to “1” is equal to 2reportTriggerSize-1. This field is set to "1" to indicate that the ith aperiodicReportTrigger shall be used for triggering, and this field is set to "0" to indicate that the ith entry of aperiodicReportTrigger shall not be used for triggering.

-
R: Reserved bit, set to "0". The number of this field is determined by S for byte align.
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Figure 4. Aperiodic CSI Trigger State Subselection MAC CE
Proposal 4: Introduce the MAC CE for Aperiodic CSI Trigger State Subselection as described in Figure 4. The size of this MAC CE is variable and it is determined by the number of the aperiodic trigger states configured by gNB.
2.5
Activation/Deactivation of Semi-Persistent CSI Reporting MAC CE

	MAC CE message
	Description
	Value range

	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


A UE shall perform semi-persistent CSI reporting on the PUCCH upon successfully decoding an Activation/Deactivation of Semi-Persistent CSI Reporting 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.

The Activation/Deactivation of Semi-Persistent CSI Reporting MAC CE is defined in Figure 5.
-
Si: this field 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 Si field is set to "1" to indicate that entry in ReportConfigId i shall be activated. The Si field is set to "0" to indicate that the ReportConfigId i shall be deactivated.

-
R: Reserved bit, set to "0". The number of this field is determined by L for byte align.
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Figure 5. Activation/Deactivation of Semi-Persistent CSI Reporting MAC CE
Proposal 5: Introduce the MAC CE for Activation/Deactivation of Semi-Persistent CSI Reporting as described in Figure 5. The size of this MAC CE is variable and it is determined by the number of the semi-persistent CSI reporting setting configured by gNB.
2.6
Activation/Deactivation Semi-Persistent SRS MAC CE

	MAC CE message
	Description
	Value range

	Semi-persistent SRS activation
	Activates a SP SRS resource set and provides the spatial QCL relationship (if activated)
	SP SRS Resoruce 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)


The Activation/Deactivation Semi-Persistent SRS 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 Activation/Deactivation Semi-Persistent SRS 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/Deactivation MAC CE. Moreover, it is natural to use 7 bits for QCL relationship in order to cover all 3 resource IDs i.e., SSB/SRS/CSI-RS ID since the longest ID for SSB/SRS/CSI-RS is CSI-RS resource ID (7 bits).
In addition, 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. RAN1 also provide the information whether SUL should be indicated in this signalling as below:

	Following agreement has been achieved in RAN1

· The MAC CE should include a mechanism to indicate whether the activation/deactivation of semi-persistent SRS applies to the SUL or the non-SUL (but not both).


Therefore, 1 bit indicator for the case that the semi-persistent SRS applies to the SUL is needed.
The Activation/Deactivation Semi-Persistent SRS MAC CE is defined in Figure 6.
-
A/D: this field indicate the status of activation/deactivation of the SRS resources configured by upper layers. The A/D field is set to "1" the corresponding Semi-Persistent SRS Resource Set ID and SSB/SRS resource/CSI-RS resource ID shall be activated. The A/D field is set to "0" the corresponding Semi-Persistent SRS Resource Set ID and SSB/SRS resource/CSI-RS resource ID shall be deactivated.
-
SU: this field indicate the activation/deactivation of the SRS resources is indicated in the supplementary uplink (SUL). The SU field is set to "1" the corresponding Semi-persistent SRS Activation/Deactivation is applied in SUL. The SU field is set to "0" the corresponding Semi-persistent SRS Activation/Deactivation is applied in non-SUL.

-
Semi-Persistent SRS Resource Set ID: this field identifies the index of the SRS resource set with SRS-ResourceSetConfigId, as configured by upper layers, where the length of this field is 4 bits.
-
SSB/SRS resource/CSI-RS resource ID: this field indicates the configuration of the spatial relation between a reference RS and the indicated SRS resource set. Reference RS can be SSB/CSI-RS resource/SRS resource indicated in this field.
-
R: Reserved bit, set to "0". 
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Figure 6. Activation/Deactivation Semi-Persistent SRS MAC CE
Proposal 6: Introduce the MAC CE for Activation/Deactivation Semi-Persistent SRS as described in Figure 6. An additional 1 bit indicator for activation/deactivation is needed.
2.7
Indication of Spatial Relation for a PUCCH Resource MAC CE
	MAC CE message
	Description
	Value range

	Indication of spatial relation for PUCCH
	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)


The Indication of Spatial Relation for a PUCCH Resource MAC CE provides the 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 ID is 4 bits since RAN1 provided it, and 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.

The Indication of Spatial Relation for a PUCCH Resource MAC CE is defined in Figure 7.
-
PUCCH resource ID: this field indicates a PUCCH resource which will be used with the spatial relation information from one of the entries in PUCCH-SpatialRelationInfo.

-
Pi: this field indicates the one of the spatial relation information defined in PUCCH-SpatialRelationInfo, as specified in TS 38.331, if PUCCH-SpatialRelationInfo includes only one SpatialRelationInfo IE, the configured SpatialRelationInfo is used and MAC-CE is not used. The Pi field is set to "1" to indicate that the ith entry in the list of PUCCH -SpatialRelationInfo shall be used. The Si field is set to "0" to indicate that the ith entry in the list of PUCCH-SpatialRelationInfo shall not be used.

-
R: Reserved bit, set to "0". 
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Figure 7. Indication of Spatial Relation for a PUCCH Resource MAC CE
Proposal 7: Introduce the MAC CE for Indication of Spatial Relation for a PUCCH resource as described in Figure 7. The fixed size with 2 octets of MAC CE format including PUCCH resource ID and bitmap format with 8 entities to activate PUCCH-SpatialRelationInfo is used.
2.8
Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC CE

RAN1 introduced the Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC CE to activate/deactivate a semi-persistent ZP CSI-RS resource set. For this MAC CE, the QCL relationship is not needed, so it is different with the Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE. Based on the RAN1 input in LS [2], RAN1 provide following information:
	MAC CE message
	Description
	Value range

	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]


From this information, we think RAN2 only need to include 4 bits ZP CSI-RS set ID in this MAC CE for Semi-Persistent ZP CSI-RS Resource Set Activation/Deactivation. RAN1 also provided the information that each activated resource set can have up to 64 ZP CSI-RS resources. However this factor is not needed in the MAC perspective since it is configured by RRC.
The Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC CE is defined in Figure 8. 
-
ZP CSI-RS Set ID: this field identifies the index of ZP-CSI-RS-ResourceSetConfigId as configured by upper layers, where the length of this field is 4 bits.

-
R: Reserved bit, set to "0".
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Figure 8. Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC CE
Proposal 8: Introduce the MAC CE for Activation/Deactivation of Semi-persistent ZP CSI-RS Resource Set as described in Figure 8. The size of this MAC CE is fixed for one octet and it is include 4 bits semi-persistent ZP CSI-RS resource set ID.
3. Conclusion
In this contribution, we provide our view on MAC CE for NR MIMO design and ask RAN2 to consider the following proposals and see the text proposal for TS 38.321 in Annex in the below of this contribution.
Proposal 1: Introduce the MAC CE for Activation/Deactivation of TCI State for PDSCH as described in Figure 1. The size of Activation/Deactivation of TCI state for PDSCH MAC CE as a form of bitmap can be varied what the M (<=64) is configured by gNB.
Proposal 2: Introduce the MAC CE for Indication of TCI state for PDCCH per CORESET as described in Figure 2. For the form of signaling of TCI State, the explicit ID of TCI state using 6 bits is used and 4 bits CORESET ID is indicated to distinguish which CORESET is used by this MAC CE.
Proposal 3: Introduce the MAC CE for Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM as described in Figure 3. The size of this MAC CE is variable and it is determined by the number of configured CSI-RS resources in the indicated CSI-RS resource set. 
Proposal 4: Introduce the MAC CE for Aperiodic CSI Trigger State Subselection as described in Figure 4. The size of this MAC CE is variable and it is determined by the number of the aperiodic trigger states configured by gNB.
Proposal 5: Introduce the MAC CE for Activation/Deactivation of Semi-Persistent CSI Reporting as described in Figure 5. The size of this MAC CE is variable and it is determined by the number of the semi-persistent CSI reporting setting configured by gNB.
Proposal 6: Introduce the MAC CE for Activation/Deactivation Semi-Persistent SRS as described in Figure 6. An additional 1 bit indicator for activation/deactivation is needed.
Proposal 7: Introduce the MAC CE for Indication of Spatial Relation for a PUCCH resource as described in Figure 7. The fixed size with 2 octets of MAC CE format including PUCCH resource ID and bitmap format with 8 entities to activate PUCCH-SpatialRelationInfo is used.
Proposal 8: Introduce the MAC CE for Activation/Deactivation of Semi-persistent ZP CSI-RS Resource Set as described in Figure 8. The size of this MAC CE is fixed for one octet and it is include 4 bits semi-persistent ZP CSI-RS resource set ID.
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[3] R2-1801555, LS to RAN1 on MAC CE for MIMO, Nokia
[4] TS 38.214, Physical layer procedures for data, v15.0.0

[5] R1-1721581, excel sheet of RRC parameters for NR
Annex: Text proposal for TS 38.321 based on R2-1801546
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5
MAC procedures
<Text Removed Here>
5.17
Beam Failure Recovery Request procedure
The beam failure recovery request procedure is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure is detected by the lower layers and indicated to the MAC entity.
The MAC entity shall:

1>
if beam failure indication has been received from lower layers:
2>
start the beamFailureRecoveryTimer;
2>
initiate a Random Access procedure (see subclause 5.1) on the SpCell

1>
if the beamFailureRecoveryTimer expires:

2>
indicate beam failure recovery request failure to upper layers.

1>
if downlink assignment or uplink grant on the PDCCH addressed for the C-RNTI has been received:

2>
stop the beamFailureRecoveryTimer;
2>
consider the Beam Failure Recovery Request procedure successfully completed.
5.xx
Activation/Deactivation of TCI state for PDSCH
The network may activate and deactivate the configured TCI states for UE-specific PDSCH by sending the Activation/Deactivation of TCI state for PDSCH MAC control element described in subclause 6.1.3.aa. The configured TCI states for UE-specific PDSCH are initially deactivated upon configuration and after a handover.
The MAC entity shall:

-
if the MAC entity receives an Activation/Deactivation of TCI state for PDSCH MAC control element on a serving cell, the MAC entity shall indicate to lower layers the information regarding the Activation/Deactivation of TCI state for PDSCH MAC control element:
5.xx
Indication of TCI state for PDCCH

The network may indicate a TCI state for PDCCH reception per CORESET of a serving cell by sending the Indication of TCI state for PDCCH MAC control element described in subclause 6.1.3.bb.

The MAC entity shall:

-
if the MAC entity receives an Indication of TCI state for PDCCH MAC control element on a serving cell, the MAC entity shall indicate to lower layers the information regarding the Indication of TCI state for PDCCH MAC control element:
5.xx
Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM
The network may activate and deactivate the configured semi-persistent CSI-RS/CSI-IM resource sets of a serving cell by sending the Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC control element described in subclause 6.1.3.cc. The configured semi-persistent CSI-RS/CSI-IM resource sets are initially deactivated upon configuration and after a handover.

The MAC entity shall:

-
if the MAC entity receives an Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC control element on a serving cell, the MAC entity shall indicate to lower layers the information regarding the Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC control element.
5.xx
Aperiodic CSI Trigger State Subselection
The network may select among the configured aperiodic CSI trigger states of a serving cell by sending the Aperiodic CSI Trigger State Subselection MAC control element described in subclause 6.1.3.dd. 
The MAC entity shall:

-
if the MAC entity receives an Aperiodic CSI Trigger State Subselection MAC control element on a serving cell, the MAC entity shall indicate to lower layers the information regarding the Aperiodic CSI Trigger State Subselection MAC control element.
5.xx
Activation/Deactivation of Semi-Persistent CSI Reporting 
The network may activate and deactivate the configured semi-persistent CSI reporting on PUCCH of a serving cell by sending the Activation/Deactivation of Semi-Persistent CSI Reporting MAC control element described in subclause 6.1.3.ee. The configured configured semi-persistent CSI reporting on PUCCH are initially deactivated upon configuration and after a handover.
The MAC entity shall:

-
if the MAC entity receives an Activation/Deactivation of Semi-Persistent CSI Reporting MAC control element on a serving cell, the MAC entity shall indicate to lower layers the information regarding the Activation/Deactivation of Semi-Persistent CSI Reporting MAC control element:
5.xx
Activation/Deactivation Semi-Persistent SRS
The network may activate and deactivate the configured semi-persistent SRSs on PUCCH of a serving cell by sending the Activation/Deactivation of Semi-Persistent SRS MAC control element described in subclause 6.1.3.ff. The configured configured semi-persistent SRSs are initially deactivated upon configuration and after a handover.
The MAC entity shall:

-
if the MAC entity receives an Activation/Deactivation Semi-Persistent SRS MAC control element on a serving cell, the MAC entity shall indicate to lower layers the information regarding the Activation/Deactivation of Semi-Persistent SRS MAC control element:
5.xx
Indication of Spatial Relation for a PUCCH Resource
The network may indicate a spatial relation for a PUCCH resource of a serving cell by sending the Indication of Spatial Relation for a PUCCH Resource MAC control element described in subclause 6.1.3.gg. 
The MAC entity shall:

-
if the MAC entity receives an Indication of Spatial Relation for a PUCCH Resource MAC control element on a serving cell, the MAC entity shall indicate to lower layers the information regarding the Indication of Spatial Relation for a PUCCH Resource MAC control element:
5.xx
Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource
The network may activate and deactivate the configured semi-persistent ZP CSI-RS resourece set of a serving cell by sending the Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC control element described in subclause 6.1.3.hh. 
The MAC entity shall:

-
if the MAC entity receives an Indication of Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC control element on a serving cell, the MAC entity shall indicate to lower layers the information regarding the Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC control element:
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6.1.3
MAC Control Elements
<Text Removed Here>
6.1.3.11
Duplication Activation/Deactivation MAC CE

The Duplication Activation/Deactivation MAC CE of one octet is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. It has a fixed size and consists of a single octet containing seven D-fields and one R-field. The Duplication Activation/Deactivation MAC CE is defined as follows (Figure 6.1.3.11-1). 

-
Di: this field indicates the activation/deactivation status of the PDCP duplication of DRB i where i is the ascending order of DRB IDs configured with duplication. The Di field is set to one to indication that the PDCP duplication of DRB i shall be activated. The Di field is set to zero to indicate that the PDCP duplication of DRB i shall be deactivated;
-
R: Reserved bit, set to "0".
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Figure 6.1.3.11-1: Duplication Activation/Deactivation MAC CE

Editor's Note: PDCP duplication is not complete and is targeted for completion in June 2018.

6.1.3.aa
Activation/Deactivation of TCI state for PDSCH MAC CE
The Activation/Deactivation of TCI state for PDSCH MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. This control element has a variable size.

The Activation/Deactivation of TCI state for PDSCH is defined as follows (figure 6.1.3.aa-1):
-
Ai: if there is a list of M TCI states configured with TCI-State which include a downlink RS set used as a QCL reference, as specified in TS 38.331 [5], this field indicates the activation/deactivation up to 8 TCI states for PDSCH simultaneously from M configured TCI states. The Ai field is set to "1" to indicate that the TCI-State ID  i shall be activated. The Ai field is set to "0" to indicate that the TCI-State ID i shall be deactivated.
-
R: Reserved bit, set to "0". The number of this field is determined by M for byte align.
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Figure 6.1.3.aa-1: Activation/Deactivation of TCI state for PDSCH MAC CE
6.1.3.bb
Indication of TCI state for PDCCH MAC CE
The Indication of TCI state for PDCCH MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. This control element has a fixed size and consist of two octets defined as follows (figure 6.1.3.bb-1):
-
CORESET ID: this field identifies the index of ControlResourceSetId as configured by upper layers.
-
TCI State ID: this field identifies the one out of K TCI states configured with TCI-StatesPDCCH which is a subset of the TCI states defined in M configured TCI-State, as specified in TS 38.331 [5], where K is less than or equal to M. The length of the field is 6 bits.
-
R: Reserved bit, set to "0".
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Figure 6.1.3.bb-1. Indication of TCI state for PDCCH MAC CE
6.1.3.cc
Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE
The Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. This control element has a variable size, and the size is determined by the number of configured CSI-RS resources in the indicated CSI-RS resource set.

The Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE is defined as follows (figure 6.1.3.cc-1):
- 
A/D: this field indicate the status of activation/deactivation of the CSI resources configured by upper layers. The A/D field is set to "1" the corresponding Semi-Persistent CSI-RS Resource Set ID shall be activated. The A/D field is set to "0" the corresponding Semi-Persistent CSI-RS Resource Set ID shall be deactivated.

-
Semi-Persistent CSI-RS Resource Set ID: this field identifies the index of NZP-CSI-RS-ResourceSetConfigId as configured by upper layers, where the length of this field is 4 bits.

-
Semi-Persistent CSI-IM Resource Set ID: this field identifies the index of CSI-IM-ResourceSetConfigId as configured by upper layers, where the length of this field is 4 bits and this field is optionally present.
-
TCI State IDi: this field identifies the QCL relationship for the CSI-RS resource i in the indicated NZP-CSI-RS-ResourceSetConfigId. 

-
R: Reserved bit, set to "0".
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Figure 6.1.3.cc-1: Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM MAC CE
6.1.3.dd
Aperiodic CSI Trigger State Subselection MAC CE
The Aperiodic CSI Trigger State Subselection MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. This control element has a variable size.

The MAC CE for Aperiodic CSI Trigger State Subselection is defined as follows (figure 6.1.3.dd-1):

-
Ti: this field indicates the 2reportTriggerSize -1 codepoints of CSI request field from the list of S configured aperiodic trigger states defined by aperiodicReportTrigger, as specified in TS 38.331 [5], where reportTriggerSize is less than or equal to 6 and that the number of entries set to “1” is equal to 2reportTriggerSize-1. This field is set to "1" to indicate that the ith aperiodicReportTrigger shall be used for triggering, and this field is set to "0" to indicate that the ith entry of aperiodicReportTrigger shall not be used for triggering.

-
R: Reserved bit, set to "0". The number of this field is determined by S for byte align.
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Figure 6.1.3.dd-1: Aperiodic CSI Trigger State Subselection MAC CE
6.1.3.ee
Activation/Deactivation of Semi-Persistent CSI Reporting MAC CE
The Activation/Deactivation of Semi-Persistent CSI Reporting MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. This control element has a fixed size.

The Activation/Deactivation of Semi-Persistent CSI Reporting MAC CE is defined as follows (figure 6.1.3.ee-1):

-
Si: this field indicates the one or more CSI reporting setting indications from L CSI reporting settings defined in ReportConfigList, as specified in TS 38.331 [5], where the length of the semi-persistent CSI reporting setting (L) is determined by ReportConfigMax. The Si field is set to "1" to indicate that entry in ReportConfigId i shall be activated. The Si field is set to "0" to indicate that the ReportConfigId i shall be deactivated.

-
R: Reserved bit, set to "0". The number of this field is determined by L for byte align.
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Figure 6.1.3.ee-1: Activation/Deactivation of Semi-Persistent CSI Reporting MAC CE
6.1.3.ff
Activation/Deactivation Semi-Persistent SRS MAC CE
The Activation/Deactivation Semi-Persistent SRS MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. This control element has a fixed size with two octets.

The Activation/Deactivation Semi-Persistent SRS MAC CE is defined as follows (figure 6.1.3.ff-1):
-
A/D: this field indicate the status of activation/deactivation of the SRS resources configured by upper layers. The A/D field is set to "1" the corresponding Semi-Persistent SRS Resource Set ID and SSB/SRS resource/CSI-RS resource ID shall be activated. The A/D field is set to "0" the corresponding Semi-Persistent SRS Resource Set ID and SSB/SRS resource/CSI-RS resource ID shall be deactivated.
-
SU: this field indicate the activation/deactivation of the SRS resources is indicated in the SUL. The SU field is set to "1" the corresponding Semi-persistent SRS Activation/Deactivation is applied in SUL. The SU field is set to "0" the corresponding Semi-persistent SRS Activation/Deactivation is applied in non-SUL.

-
Semi-Persistent SRS Resource Set ID: this field identifies the index of the SRS resource set with SRS-ResourceSetConfigId, as configured by upper layers, where the length of this field is 4 bits.
-
SSB/SRS resource/CSI-RS resource ID: this field indicates the configuration of the spatial relation between a reference RS and the indicated SRS resource set. Reference RS can be SSB/CSI-RS resource/SRS resource indicated in this field.
-
R: Reserved bit, set to "0". 
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Figure 6.1.3.ff-1: Activation/Deactivation Semi-Persistent SRS MAC CE
6.1.3.gg
Indication of Spatial Relation for a PUCCH Resource MAC CE
The Indication of Spatial Relation for a PUCCH Resource MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. This control element has a fixed size with two octets.

The Indication of Spatial Relation for a PUCCH Resource MAC CE resource is defined as follows (figure 6.1.3.gg-1):
-
PUCCH resource ID: this field indicates a PUCCH resource which will be used with the spatial relation information from one of the entries in PUCCH-SpatialRelationInfo.

-
Pi: this field indicates the one of the spatial relation information defined in PUCCH-SpatialRelationInfo, as specified in TS 38.331 [5], if PUCCH-SpatialRelationInfo includes only one SpatialRelationInfo IE, the configured SpatialRelationInfo is used and MAC-CE is not used. The Pi field is set to "1" to indicate that the ith entry in the list of PUCCH -SpatialRelationInfo shall be used. The Pi field is set to "0" to indicate that the ith entry in the list of PUCCH-SpatialRelationInfo shall not be used.

-
R: Reserved bit, set to "0". 
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Figure 6.1.3.gg-1: Indication of Spatial Relation for a PUCCH Resource MAC CE
6.1.3.hh
Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC CE
The Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. This control element has a fixed size with one octet.

The Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC CE is defined as follows (figure 6.1.3.hh-1):
-
ZP CSI-RS Set ID: this field identifies the index of ZP-CSI-RS-ResourceSetConfigId as configured by upper layers, where the length of this field is 4 bits.

-
R: Reserved bit, set to "0".
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Figure 6.1.3.hh-1: Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource MAC CE
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6.2.1
MAC subheader for DL-SCH and UL-SCH
The MAC subheader consists of the following fields:
-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in Tables 6.2.1-1 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size is 6 bits;

-
L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the L field is indicated by the F field;

-
F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the F field is 1 bit. The value 0 indicates 8 bits of the Length field. The value 1 indicates 16 bits of the Length field;
-
R: Reserved bit, set to zero.

The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	000000
	CCCH

	000001–100000
	Identity of the logical channel

	100001–101111
	Reserved

	110000
	Activation/Deactivation of Semi-Persistent ZP CSI-RS Resource

	110001
	Indication of Spatial Relation for a PUCCH Resource

	110010
	Activation/Deactivation Semi-Persistent SRS

	110011
	Activation/Deactivation of Semi-Persistent CSI Reporting

	110100
	Aperiodic CSI Trigger State Subselection

	110101
	Activation/Deactivation of Semi-Persistent CSI-RS/CSI-IM

	110110
	Indication of TCI state for PDCCH

	110111
	Activation/Deactivation of TCI state for PDSCH

	111000
	Duplication Activation/Deactivation

	111001
	SCell Activation/Deactivation (4 octet)

	111010
	SCell Activation/Deactivation (1 octet)

	111011
	Long DRX Command

	111100
	DRX Command

	111101
	Timing Advance Command

	111110
	UE Contention Resolution Identity

	111111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	000000
	CCCH

	000001–100000
	Identity of the logical channel

	100001–110110
	Reserved

	110111
	Configured Grant Confirmation

	111000
	Multiple Entry PHR

	111001
	Single Entry PHR

	111010
	C-RNTI

	111011
	Short Truncated BSR

	111100
	Long Truncated BSR

	111101
	Short BSR

	111110
	Long BSR

	111111
	Padding
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Semi-Persistent CSI-RS Resource Set ID

A/D
Semi-Persistent CSI-IM Resource Set ID (optional)
R
TCI State ID1
Semi-Persistent CSI-IM Resource Set ID (optional)
...
TCI State IDN
TCI State ID2
TCI State ID3
TCI State IDN-1



Semi-Persistent SRS Resource Set ID

A/D
Oct 1
SSB/SRS resource/CSI-RS resource ID
R
Oct 2
SU
R
R



...
T1
T2
T3
T4
T5
T6
T7
T8

TS-3
TS-2
TS-1
TS
R
R
R
R



Semi-Persistent CSI-RS Resource Set ID

A/D
Semi-Persistent CSI-IM Resource Set ID (optional)
R
TCI State ID1
Semi-Persistent CSI-IM Resource Set ID (optional)
...
TCI State IDN
TCI State ID2
TCI State ID3
TCI State IDN-1




ZP CSI-RS set ID
R
R
R
R
Oct 1



...
A1
A2
A3
A4
A5
A6
A7
A8

AM-3
AM-2
AM-1
AM
R
R
R
R



TCI State ID

R
Oct 1
R
CORESET ID
R
R
R
R
Oct 2



