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1 Introduction

RAN1 agreements on beam management require to use MAC CE for a number of purposes. 
This document discusses the required DL MAC CE, i.e.

· for DL beam management

· to indicate (de)activation of the transmission of semi-persistent CSI-RS resource sets

· to command (de)activation of the configured CSI measurements with semi-persistent reporting

· to indicate spatial relation of PDCCH DMRS ports with CSI-RS/SSB

· for UL beam management

· to command (de)activation of semi-persistent SRS

· to indicate spatial relation of SRS Tx beam with SSB/CSI-RS/SRS
-

2 Relevant RAN1 agreements

The following agreements were achieved for beam management [1][2][3]:
For CSI-RS, RAN1 agreed

Working Assumption:
· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI

· If number of RRC configured resource sets across all CCs is less than 2N, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.

· FFS on the value of N

· The triggering is done per CSI-RS resource set

Update after email approval:

Agreements:
· Confirm the working assumption with the following refinement 
- N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling 
  - Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 
  - Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 
- When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 
  -  If Sc <2^N, MAC CE activation does not apply 
- The first code point is mapped to “no CSI request” 
Agreement: 

SP CSI-RS is activated with RRC + MAC CE

Agreement: 

The following P/SP/AP CSI-RS signaling options are supported:

	QCL parameter
	Reference RS
	Target RS
	Signalling mode
	Reference RS and Target RS should belong to the same CC/BWP or not

	Spatial
	SSB
	P CSI-RS
	RRC


	Can be on different CCs/BWPs

	Spatial
	SSB
	SP CSI-RS
	SP CSI-RS activation signal 


	Can be on different CCs/BWPs

	Spatial
	P CSI-RS
	Another P CSI-RS
	RRC


	Can be on different CCs/BWPs

	Spatial
	SSB or P/SP CSI-RS
	AP CSI-RS
	RRC or RRC+MAC CE for configuration,
indication with DCI 
	Can be on different CCs/BWPs


For CSI reporting, RAN1 agreed

Agreements:
· For periodic CSI-RS,

· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI

· Aperiodic CSI reporting is triggered by DCI

· FFS: Necessity of additional signaling with MAC CE

· For semi-persistent CSI-RS,

· Periodic CSI reporting is not supported.

· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI

· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI

· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission

· Aperiodic CSI reporting is triggered by DCI

· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI

· FFS: Necessity of additional signaling with MAC CE

· For aperiodic CSI-RS,

· Periodic [and semi-persistent] CSI reporting is not supported

· Aperiodic CSI reporting is triggered by DCI

· Aperiodic CSI-RS is triggered by DCI and/or MAC CE

· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission

· FFS: Necessity of additional signaling with MAC CE

· Note that further down selection can be done later between MAC CE and DCI in above bullets

· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting

For DL beam indication, RAN1 agreed
Agreements:

· After entering RRC CONNECTED mode, UE assumes the DM-RS ports of UE-specific PDCCH to be spatially QCL-ed with the SS block identified during initial access by default unless indicated otherwise

· Note: The above QCL assumption may or may not be used for MSG2 and MSG4 – for discussion in initial access session

· FFS: Details

· FFS: Whether or not the default QCL assumption is contained in a default indicator state if supported

· Note: This does not necessarily mean that the PDCCH beam indication is through DCI

· In RRC CONNECTED mode, 

· RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s)

· FFS: necessity of DCI signalling

· FFS: Use of Aperiodic CSI-RS 

· FFS: RAN1 to study impact of delay (including determination of Rx beam) and reliability on the beam mgmt scenarios aiming to provide input to RAN2 with regard to higher layer protocols

For UL SRS and UL beam indication, RAN1 agreed

Agreement:

· NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS 

· The DL RS supported at least include CSI-RS and SSB. 

· NR supports the indication of at least the spatial relations between the DL RS and the UL SRS Tx beam via at least the following mechanisms.

	Spatial parameter
	Reference RS
	Target RS
	Signalling mode

	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS

FFS: AP-CSI-RS, SP-SRS
	P SRS
	RRC



	Spatial
	SSB/CSI-RS(at least P-CSIRS and SP -CSI-RS), P-SRS/ SP-SRS

FFS:AP-SRS, AP-CSI-RS
	SP-SRS
	RRC + MAC-CE



	Spatial
	SSB/CSI-RS (at least P-CSIRS and SP -CSI-RS), P-SRS, SP-SRS, AP-SRS

Working assumption: AP-CSI-RS
	AP SRS
	RRC or RRC+MAC CE for configuration,
indication with DCI 


3 DL Beam management
Beam management (BM) aims at ensuring that a suitable beam par link set at least for PDCCH reception. The available serving beam set can be updated during BM procedures. Specifically when the channel quality of serving beam pair link(s) belonging to the beam set is degraded due to UE mobility, BM procedure can be triggered and performed to inform the gNB on the degraded best serving beam pair link(s) and find another best candidate beam pair link(s). It includes beam measurements for CSI-RS/SS block, CSI/beam reporting, beam switching and recovery from beam failure as showed in figure 1. The relationship between CSI-RS and CSI/beam reporting is showed in table 1. 
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Figure 1: beam management based on CSI-RS

Table 1: relationship between CSI-RS and CSI/beam reporting

 SHAPE  \* MERGEFORMAT 



3.1 DL CSI-RS activation/deactivation
Based on the RAN1 agreement, the maximum number of SS block with a SS burst set is 64 for above 6Ghz. And the UE may be configured with 64 SS blocks/CSI-RSs for DL beam measurement. The actual number of SS block/CSI-RS for beam measurement is configured by network.
For periodic CSI-RS activation/deactivation, we don't see any impact on RAN2 specifications except for RRC signalled configuration. 

For aperiodic CSI-RS, when the number of RRC configured CSI triggering states for the CSI request field Sc <2^N, we we don’t see any impact on RAN2 specifications except for RRC signalled configuration. When the number of RRC configured CSI triggering states for the CSI request field Sc > 2^N-1, an activation/deactivation MAC CE should be introduced to signal map the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. One possible solution is showed in figure 2.
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Figure 2: activation/deactivation MAC CE for aperiodic CSI-RS 
-
Pi: this field indicates the presence of a CSI-RS resource set ID field associated with a code point index of the CSI request field. “1” indicates that a CSI-RS resource set ID is included, “0” indicates that a CSI-RS resource set ID is not included. M = ceil (2^N-1/8), N is configured by RRC.
-
R: reserved bit, set to "0";

Proposal 1: Introduce an activation/deactivation MAC CE for DL beam management indicating map the code points of the CSI request field to a set of A CSI-RS resource configured by RRC signalling.
For semi-persistent CSI-RS (SP CSI-RS), RAN1 agreed “SP CSI-RS is activated with RRC + MAC CE”. Therefore, RAN2 should defined a DL MAC CE to indicate to the UE the activation/deactivation SP CSI-RS resources set to the UE. One possible solution is that a bitmap is introduced to indicate activation/deactivation of SP CSI-RS resources set as showed in figure 3.
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Figure 3: activation/deactivation MAC CE for SP CSI-RS resource for beam management

-
Ai: this field indicates the activation/deactivation status of the CSI-RS resources set included in a semi-persistent CSI resource configuration configured by RRC. “1” indicates that the CSI-RS resources set is activated (the network is transmitting the corresponding signal), “0” indicates that the CSI-RS resources set is not transmitted. N = ceil(maximum number of semi-persistent CSI-RS resource sets /8).
Proposal 2: Introduce a MAC CE for DL beam management indicating activation/deactivation of SP CSI-RS resources sets configured by RRC signalling.

Proposal 2bis: The MAC CE for SP CSI-RS resources activation/deactivation includes 1 bit per RRC configured SP CSI-RS resource set a semi-persistent CSI resource set (1 means active, 0 means inactive).
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3.2 DL CSI reporting

For aperiodic and periodic CSI reporting, there may not be any impact on RAN2 except for RRC signalled configuration. 

For semi-persistent CSI reporting, RAN1 agreed “Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI”. Thefore, RAN2 should define a MAC CE to activate/deactivate the RRC configured CSI measurements (identified with a different csi-measId) using SP report configuration. One possible solution is that a bitmap is introduced to activate/deactivate CSI measurements using SP reporting configuration as showed in figure 4.
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Figure4: activation/deactivation MAC CE for CSI reporting for beam management

-
Ai: this field indicates the activation/deactivation of a CSI report (i.e. corresponding to one csi-measId)  with semi-persistent reporting. “1” indicates that the corresponding CSI measurement reporting shall be activated, “0” indicates that the corresponding CSI measurement reporting shall be deactivated. N = ceil(maximum number of CSI reporting configurations/8).
Proposal 3: Introduce a MAC CE for DL beam management indicating activation/deactivation of SP CSI measurements (i.e. identified with a csi-MeasId) configured by RRC signalling.
Proposal 3bis: The MAC CE for activation/deactivation SP CSI measurements includes 1 bit per csi-MeasId (1 means active, 0 means inactive)
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3.3 DL QCL indication

RAN1 agreed that “RRC only or RRC+ MAC CE signaling is used to indicate QCL relation (at least w.r.t spatial RX parameters) between DMRS port(s) of UE-specific PDCCH and either SS Block or P/SP CSI-RS resource(s)”. In order to finalize the beam management operation, RAN2 needs to introduce a MAC CE for DL QCL indication. One possible solution is showed in figure 5. 

-
Pi: this field indicates the presence of a SSB ID/CSI-RS ID field for QCL configuration for DMRS port of PDCCH associated with TCI-StateRefId i as specified in TS38.331. “1” indicates that a SSB /CSI-RS ID QCLed with this DMRS port is included, “0” indicates that a SSB /CSI-RS QCLed with this DMRS port is not included. The CSI-RS ID refers to NZP-CSI-RS-ResourceConfigId. The SSB ID refers to SS block index.
-
R: reserved bit, set to "0";

-
V: this field indicates the presence of a SSB ID or CSI-RS ID. “1” indicates a SSB ID. “0” indicates a CSI-RS ID.

-
SSB ID/CSI-RS ID: this field indicates the SSB or SP/P CSI-RS resource(s) which is QCLed (at least w.r.t spatial Rx parameters) with the corresponding DMRS port of UE-specific PDCCH. 
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Figure 5: MAC CE for beam indication
Proposal 4: Introduce a MAC CE to indicate QCL of DMRS ports of UE-specific PDCCH and SS block or P/SP CSI-RS resources (see the proposed format above).
4 UL beam management

4.1 SRS transmission
For aperiodic/periodic SRS (A/P SRS), we don't see any impact on RAN2 except for RRC signalled configuration. 

For semi-persistent SRS, RAN1 agreed “SP SRS is activated with RRC + MAC CE”. RAN2 should introduce a MAC CE to activate/deactivate SP SRS. One possible solution is showed in figure 6.
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Figure 6: SP SRS activation/deactivation MAC CE

-
Ai: this field indicates the activation/deactivation status of the SP SRS resources set with srs-ResourceSetID i specified in RRC. “1” indicates that the corresponding SP SRS resources shall be activated, “0” indicates that the corresponding SP SRS resources shall be deactivated. N = ceil(maximum number of SRS resources set configurations/8).
Proposal 5: Introduce a MAC CE for activation/deactivation SP SRS resources set MAC CE for UL beam management.

Proposal 5bis: RAN2 is suggested to adopt the MAC CE format with a new LCID for activation/deactivation SP SRS resource set as following:
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4.2 UL beam indication
RAN1 agreed that “NR adopts the SRS Tx beam indication, i.e., by a SRS resource or by a DL RS”. Furthermore the SRS Tx beam is reflected by spatial relation with SSB/CSI-RS/SRS in RAN1. In order to finalize the beam management operation, RAN2 should introduce a MAC CE format for UL beam indication. One possible solution is showed in figure 7. 

-
Pi: this field indicates the presence of a SSB ID/CSI-RS ID/SRS ID field for SRS spatial relation with srs-ResourceID i as specified in TS38.331“1” indicates that a QCLed SSB ID/CSI-RS ID/SRS ID field is included for this SRS Tx beam, “0” indicates that there SSB ID/CSI-RS ID/SRS ID field is not included. The CSI-RS ID refers to NZP-CSI-RS-ResourceConfigId. The SSB ID refers to SS block index. The SRS ID refers to srs-ResourceID.
-
R: reserved bit, set to "0";

-
V: this field indicates the presence of a SSB ID or CSI-RS ID or SRS ID. “00” indicates a SSB ID. “01” indicates a CSI-RS ID. “10” indicates a SRS ID.
-
SSB ID/CSI-RS ID/SRS ID: this field indicates  the SP SRS resource(s) which is spatially related to the indicated SSB or P/SP CSI-RS or P/SP SRS.
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Figure 7: MAC CE for UL serving beam indication

Proposal 6: Introduce a MAC CE for UL serving beam indication as following:
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5 Beam failure recovery

RAN1 agreed the UE will trigger the beam failure recovery procedure when beam failure is detected and new candidate beam is identified. In that case the UE will send a beam failure recovery request on PUCCH or PRACH and is expected to receive a response within a configurable time window. The response is a DCI addressed to C-RNTI.

From RAN2 perspective, it seems no impact on RAN2 for beam failure recovery procedure except RRC signaled configuration and DRX operation as mentioned in [TBD].

Observation: From RAN2 perspective, it seems no impact on RAN2 except RRC signaled configuration and DRX operation.

6 Conclusion

According to RAN1 agreements for beam management using MAC CE, we have the following proposals for new MACCEs to introduce in RAN2:
Observation: From RAN2 perspective, it seems no impact on RAN2 except RRC signaled configuration and DRX operation.

Proposal 1: Introduce an activation/deactivation MAC CE for DL beam management indicating map the code points of the CSI request field to a set of A CSI-RS resource configured by RRC signalling.
Proposal 2: Introduce a MAC CE for DL beam management indicating activation/deactivation of SP CSI-RS resources sets configured by RRC signalling.

Proposal 2bis: The MAC CE for SP CSI-RS resources activation/deactivation includes 1 bit per RRC configured SP CSI-RS resource set a semi-persistent CSI resource set (1 means active, 0 means inactive).
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Proposal 3: Introduce a MAC CE for DL beam management indicating activation/deactivation of SP CSI measurements (i.e. identified with a csi-MeasId) configured by RRC signalling.

Proposal 3bis: The MAC CE for activation/deactivation SP CSI measurements includes 1 bit per csi-MeasId (1 means active, 0 means inactive)
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Proposal 4: Introduce a MAC CE to indicate QCL of DMRS ports of UE-specific PDCCH and SS block or P/SP CSI-RS resources (see the proposed format above).
Proposal 5: Introduce a MAC CE for activation/deactivation SP SRS resources set MAC CE for UL beam management.

Proposal 5bis: RAN2 is suggested to adopt the MAC CE format with a new LCID for activation/deactivation SP SRS resource set as following:


[image: image15.emf]A

8

A

1

A

2

A

3

A

4

A

5

A

6

A

7

Oct 1

A

k

A

k-7

A

k-6

A

k-5

A

k-4

A

k-3

A

k-2

A

k-1

Oct N

...


Proposal 6: Introduce a MAC CE for UL serving beam indication as following:
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