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Introduction 
In this contribution, we will share our views on the following issues that were identified for multi-beam operation:
· Issue 1: Unified TCI framework
· Issue 2: Inter-cell mobility enhancement
· Issue 3: Signaling medium for unified TCI update/activation
· Issue 4: Fast UL panel selection 
· Issue 5: MPE mitigation
· Issue 6: Latency reduction of beam management and update
Discussion
Issue 1: Unified TCI framework
Based on current agreements for unified TCI framework [1]-[3], there are several remaining issues listed as follows. In this section, we’d like to share our views on these issues.
1. Additional source RS type
2. Maximum value of M/N for DL/UL
3. Applicability to a subset of all of the control channels
4. Additional applicability of joint/separate TCI 
5. RS without applying joint/separate TCI
6. TCI state pool for CA
7. QCL relation for CA
8. TCI state pool for UL TCI (of separate DL/UL TCI)
9. UL power control parameters and pathloss RS

Additional source RS type
In previous meeting, RAN1 reached the following agreement [3] on the source RS types for determining DL QCL-TypeD information and UL TX spatial filter:
	Agreement from RAN1#104
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types  

Agreement from RAN1#104
On Rel.17 unified TCI framework, the following source RS types for UL TX spatial filter are supported:
· CSI-RS for tracking
· Note: SRS for BM, SSB, and CSI-RS for BM have been agreed in RAN1#102-e
· FFS (to be decided by RAN1#104bis-e): non-BM CSI-RS other than for tracking, non-BM SRS


For determining DL QCL-TypeD information, whether to support following additional source RS types is still FFS:
· SSB
· CSI-RS for CSI
· SRS for BM 
Meanwhile, for determining UL TX spatial filter, whether to support following additional source RS types is still FFS:
· non-BM CSI-RS other than TRS 
· non-BM SRS
Regarding SSB, it may be more problematic for PDCCH/PDSCH demodulation to use an SSB as a source RS to determine DL QCL-TypeA information due to narrow bandwidth (20 PRBs). However, in Rel-15/16, UE usually determines DL QCL-TypeD information from an SSB since it is usually used as a root RS (QCL-TypeD) in the QCL chain for PDCCH/PDSCH reception. Thus, we don't see there is a big issue to use an SSB as a QCL-TypeD source RS. The only issue is when an SSB is configured as a source RS for determining DL QCL-TypeD information and the source RS for determining DL QCL-TypeA information, i.e., TRS, is not QCLed with the same SSB with TypeD. It means UE may be required to use a different beam tracking result from another SSB to measure the TRS, which causes unnecessary complexity for UE to maintain the QCL chain and the QCL-TypeA result may not be valid. Therefore, if SSB is supported as a QCL-TypeD source RS for PDCCH/PDSCH reception, the QCL-TypeA source RS used should be also QCLed with the same SSB.
On the support of SSB as a QCL-TypeD source RS, one of the potential use case is common TCI state update and activation in CA. In RAN1#103e [2], it was agreed that for a set of CCs configured for common TCI state update and activation, only one single RS is determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL-TypeD information and to determine UL TX spatial filter across the set of configured CCs. In such use case, SSB of a reference CC can be used as the QCL-TypeD source RS for other CCs. Meanwhile, the TRS of each CC (TRS shall be in the same CC as the target channel or RS) can be associated with the same SSB.
	Agreement from RAN1#103
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels



Proposal 1: On Rel.17 unified TCI framework, support SSB as a source RS in a TCI state for determining DL QCL-TypeD information, where the source RS in the TCI state for determining DL QCL-TypeA information is also QCLed with the same SSB with QCL-TypeC and QCL-TypeD.

Regarding CSI-RS for CSI and SRS for BM, we don't see clear motivation to use them to provide QCL Type-D information. Also, regarding non-BM CSI-RS other than TRS and non-BM SRS, we don't see any gain to use them to determine TX spatial filter for UL transmission. Thus we prefer not to support these additional source RS types in Rel-17 unified TCI framework.

Maximum value of M/N for DL/UL
A working assumption on decision of whether to support more than one TCI states to provide common QCL information for DL (i.e., M >= 1), or to determine common spatial Tx filter for UL (i.e., N >= 1), which is introduced to  enable different beams for control and data channels (e.g., wide beam and narrow beam). In our view, at least for single-TRP scenario, the original intention of introducing a common TCI is facilitating single serving beam operation for a UE. If NW requires such flexibility to have multiple serving beams for a UE, Rel-15/16 DL TCI/spatial relation framework can be used. Thus, we don't see the need to indicate more than one TCI states to provide common QCL information for DL or to determine common spatial Tx filter for UL at a time.
Proposal 2: For single-TRP, one single TCI state is indicated to provide common QCL information for DL, or determine common spatial Tx filter for UL, i.e., M = N = 1, in a CC or a set of configured CCs.
For multi-TRP scenario, at least two TCI states have to be indicated for DL. However, whether and how to enable unified TCI for multi-TRP operation, we prefer to discuss it after unified TCI framework and corresponding signaling medium are stable.  
Proposal 3: Whether and how to support common TCI for multi-TRP should be discussed after the unified TCI framework and corresponding signaling medium are stable.

Applicability to a subset or all of the control channels
At least for single-TRP scenario, we don't see any motivation to apply common QCL information or common spatial Tx filter to a subset of control channels instead of all control channels. If NW requires such flexibility to have multiple serving beams for different control channels, Rel-15/16 DL TCI/spatial relation framework can be used.
Proposal 4: For single-TRP, one single TCI state is indicated to provide common QCL information for all CORESETs, or to determine common spatial Tx filter for all dedicated PUCCH resources in a CC or a set of configured CCs.

Additional applicability of joint/separate TCI
For additional applicability of joint/separate TCI, the following agreement was made in RAN1#104e [3]:
	Agreement from RAN1#104
On Rel.17 unified TCI framework, decide by RAN1#104bis-e:
· Whether DL or, if applicable, joint TCI also applies to the following signals. If not, FFS any other enhancement over Rel.15/16:
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· Whether UL or, if applicable, joint TCI also applies to the following signals
· Some SRS resources or resource sets for BM


In our view, it is natural that joint/separate TCI also applies to CSI-RS resource(s) for CSI acquisition, at least optionally, since the same common QCL information is applied to all UE-dedicated data receptions. On CSI-RS/SRS for BM, it may be also beneficial to apply joint/separate TCI to all the resources of a CSI-RS/SRS resource for gNB or UE beam adjustment. 
Proposal 5: Joint/separate TCI can optionally apply to a CSI-RS resource configured for CSI acquisition.
Proposal 6: Joint/separate TCI can optionally apply to a CSI-RS resource set configured for BM.
Proposal 7: Joint/separate TCI can optionally apply to a SRS resource set configured for BM.

On TRS, in Rel-15/16, the DL QCL information is semi-statically provided, which means UE doesn't have to dynamically change UE beam when performs tracking on TRS. However, if joint/separate TCI applying to TRS is allowed, it would be challenging from UE implementation perspective since joint/separate TCI can be updated by DCI signaling. Furthermore, we don't see any benefit to allow such applicability to TRS.
Proposal 8: Joint/separate TCI is NOT applicable to CSI-RS for tracking.
In order to inform UE whether CSI-RS or SRS resource(s) in a resource set should apply joint/separate TCI, an RRC parameter can be configured to the resource set.
Proposal 9: An RRC parameter can be configured to a CSI-RS/SRS resource set to indicate whether to apply joint/separate TCI to CSI-RS/SRS resource(s) in the CSI-RS/SRS resource set.

RS without applying joint/separate TCI
When Rel-17 unified TCI is enabled, for a CSI-RS or SRS resource without applying common QCL information or spatial TX filter indicated by joint/separate TCI, NW may still has to provide a TCI state or a spatial relation to the CSI-RS or SRS resource. For a CSI-RS resource, since a TCI state pool shall be already configured for joint/separate TCI update, NW still can associate a TCI state in the TCI state pool with the CSI-RS resource without applying common QCL information. In this manner, Rel-15/16 DL TCI state pool configured per BWP can be avoided to reduce configuration overhead and required UE memory. For a SRS resource, legacy spatial relation still can be used since an SSB/CSI-RS/SRS is directly associated with a SRS resource as spatial relation without a dedicated pool configuration.
Proposal 10: For a CSI-RS resource without applying joint/separate TCI, NW can associate a TCI state with the CSI-RS resource from the TCI state pool configured for join/separate TCI.

TCI state pool for CA
In RAN1#103e [2], it was agreed to support common TCI state ID update and activation to provide common QCL information and/or spatial TX filter across a set of configured CCs at least for intra-band CA, where the same/single RS is determined according to the TCI state(s) indicated by a common TCI state ID to provide QCL TypeD indication and to determine UL TX spatial filter across the set of configured CCs. However, the RS determined according to the TCI state indicated by a common TCI state ID to provide QCL-TypeA shall be located in the same CC of target channel/RS. Configuration of TCI sate pool(s) for the set of configured CCs are still pending, and two options were identified as follows:
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· Opt-2: configuring RRC TCI state pool per individual CC
In RAN1#104e, a FL proposal [4] was provided for this pending issue:
	FL Proposal 1.1: On Rel.17 unified TCI framework, select one from the following for TCI state pool design for carrier aggregation (CA), no later than RAN1#105-e:
· Alt1. For joint or separate DL/UL TCI, an RRC TCI state pool is shared among the set of configured CCs
· For QCL Type-A, the BWP/CC ID for QCL-Type A source RS can be absent in a TCI state.
· When the BWP/CC ID for QCL-Type A source RS is absent in the TCI state, the BWP/CC ID for QCL-Type A source RS is determined according to a target CC of the TCI state and the corresponding active BWP
· For each applied active BWP per CC, UE uses the corresponding BWP ID + CC ID + QCL TypeA RS source ID to locate the corresponding QCL Type-A source RS
· A single RS determined according to the TCI state (in the shared RRC TCI state pool) indicated by a common TCI state ID is used to provide QCL Type-D indication across the set of configured CCs
· For UL TX spatial reference, a single RS determined according to the UL TCI state (in the shared UL TCI state pool) indicated by a common TCI state ID is used to determine UL TX spatial filter across the set of configured CCs
· Note: UL TCI state pool design is not yet decided
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Alt2. TCI state pool is RRC-configured per individual CC
· A single RS determined according to the TCI states in the individual RRC TCI state pools indicated by a common TCI state ID is used to provide QCL Type-D indication across the set of configured CCs
· For UL TX spatial reference, a single RS determined according to the UL TCI states (in the individual RRC TCI state pools) indicated by a common TCI state ID is used to determine UL TX spatial filter across the set of configured CCs


NW usually configures different TCI states for different NW beams, where each TCI state associates one or two source RSs transmitted from a same NW beam. For Alt2 in the FL proposal, when the TCI states with a same ID are configured for a set of CCs, QCL-TypeD source RS shall be the same in one of the CCs, which means TCI states with a same ID configured in the CCs should be associated with a same NW beam. However, we don't see why separate TCI state is needed for each CC if they are associated with a same NW beam. Compared with Alt2, Alt1 is a better choice to avoid unnecessary configuration overhead and required UE memory, where one single TCI state pool can be configured on a reference CC in the set of configured CCs. Regarding QCL-TypeA source RS in Alt1, the BWP/CC ID for QCL-Type A source RS is absent in a TCI state, and the BWP/CC ID for QCL-Type A source RS is determined according to a target CC of the TCI state and the corresponding active BWP. In other words, Alt1 only specifies the “RS ID” of QCL-TypeA source RS in each CC associated with a same TCI state shall be the same. This can be easily achieved by a proper RS ID allocation, as the example shown in Figure 1. Thus, it is possible that a single TCI state can include all the required source RSs from the CCs. Note that Alt1 doesn't forbid NW to configure TCI pool per CC, and whether to group a set of CC to share a single TCI state pool will be up to NW decision.
[image: ]
Figure 1. Example of sharing a single RRC TCI state pool across a set of configured CCs


Proposal 11: For joint/separate TCI, an RRC TCI state pool is shared among a set of configured CCs
· For QCL Type-A, the BWP/CC ID for QCL-Type A source RS can be absent in a TCI state. When the BWP/CC ID for QCL-TypeA source RS is absent in the TCI state, the BWP/CC ID for QCL-TypeA source RS is determined according to a target CC of the TCI state and the corresponding active BWP
· For each applied active BWP per CC, UE uses the corresponding BWP ID + CC ID + QCL TypeA RS source ID to locate the corresponding QCL Type-A source RS
· A single RS determined according to the TCI state (in the shared RRC TCI state pool) indicated by a common TCI state ID is used to provide QCL Type-D indication and/or UL TX spatial filter across the set of configured CCs
· Note: UL TCI state pool design is not yet decided

QCL relation for CA
For the indicated/activated TCI state(s) across a set of configured CCs, as agreed in RAN1#103e, one single RS is determined as the QCL-TypeD source RS for the set of configured CCs, which means cross-CC QCL reference is necessary for configuring QCL-TypeD source RS in CA scenario. 
For RS types of QCL-TypeD source RS currently agreed for joint/separate TCI, only TRS and CSI-RS for BM are supported. According to current specification, if TRS is used as the QCL-TypeD source RS, it would be also used as the QCL-TypeA source RS, which means it has to be configured in the target CC. Therefore, only CSI-RS for BM can be used for cross-CC QCL reference. However, in practical deployments, CSI-RS for BM may not be used widely. Instead, SSB and TRS are usually mandatory from NW perspective. Thus. we see current supported QCL relations and agreed RS types may not sufficient for CA. 
Regarding SSB, in Section 2.1.1, we already propose to support SSB as a source RS in a TCI state for determining DL QCL-TypeD information. Regarding TRS, we see it could be beneficial if separate TRSs can be used as the QCL-TypeA and QCL-TypeD source RSs in a same TCI state, respectively. Then, the TRS used as the QCL-TypeD source RS can be configured in another CC. However, in order to avoid that UE may use different Rx beams for measuring the two TRSs in the same TCI state, a restriction on them is needed, e.g., UE expects the two TRSs are QCLed with the same source RS.
Proposal 12: On Rel.17 unified TCI framework, support separate TRSs as QCL-TypeA and QCL-TypeD source RSs in a TCI state, respectively, where UE expects the TRSs are QCLed with the same source RS.

TCI state pool for UL TCI (of separate DL/UL TCI)
The following options to achieve separate DL/UL TCI update were identified in RAN1#102e [1]: 
· Alt1. Utilize the joint TCI to include references for both DL and UL beams
· Alt2. Utilize two separate TCI states, one for DL and one for UL. The TCI state for the DL is the same as agreed in 1a. The TCI state for the UL can be newly introduced.
· Alt 2-1: The UL TCI state is taken from the same pool of TCI states as the DL TCI state
· Alt 2-2: The UL TCI state is taken from another pool of TCI states than the DL TCI state
Later, in RAN1#103e [2], it was agreed that two separate TCI states (Alt2), one for DL and one for UL, are utilized for separate DL/UL TCI update. Thus, according to the agreements in RAN1#102e [1] and RAN1#103e [2], a DL TCI state would be the same as a joint DL/UL TCI state, where the DL TCI state is taken from the same TCI state pool for joint DL/UL TCI update. The remaining issue is whether Alt2-1 or Alt2-2 is adopted for UL TCI state. 
In RAN1#104e, a FL proposal [4] was provided for this pending issue:
	FL Proposal 1.2: On Rel.17 unified TCI framework, in case of separate DL/UL TCI, decide between the following two alternatives for UL TCI state pool design upon the conclusion of source RS type support for DL QCL reference and UL TX spatial reference:
· Alt1. UL TCI shares the same TCI state pool as joint DL/UL TCI
· Alt2. UL TCI uses a separate TCI state pool from joint DL/UL TCI
Note: By previous agreements, DL TCI shares the same TCI state pool as joint DL/UL TCI.



On Alt1, since DL TCI is taken the same TCI pool for joint DL/UL TCI update, UL TCI state will be taken the same pool as well, which means one single TCI state pool can be used to support joint or separate DL/UL TCI update. Compared with Alt1, Alt2 requires one additional TCI state pool dedicated for UL TCI. In a primary FR2 operation where beam correspondence generally holds, both Rx beam for DL reception and Tx beam for UL transmission can be determined according to DL measurements on a same set of DL RSs. Thus, a separate TCI state pool UL seems to be redundant. Moreover, if the TCI state pool can be used for joint DL/UL TCI update, we don't see why the same pool cannot be used for separate TCI update for UL. 
Proposal 13: On Rel.17 unified TCI framework, in case of separate DL/UL TCI, support UL TCI shares the same TCI state pool as joint DL/UL TCI.
· Note: By previous agreements, DL TCI shares the same TCI state pool for joint DL/UL TCI

UL PC parameters and PL-RS for UL
In Rel-15/16, UL PC parameters including P0, alpha, and closed loop index as well as PL-RS provided for PUSCH, PUCCH, and SRS transmission are summarized in Table 1.

Table 1. Determination of power control parameters and pathloss RS for UL in Rel-15/16
	UL channel/signal
	UL PC parameters
	PL-RS
	Note

	PUSCH
	Per SRI field value
	Per SRI field value
	Up to 16 power control settings each configured by SRI-PUSCH-PowerControl including pathloss RS, P0/alpha, and closed loop index. Each power control setting is mapped to an SRI field value. If UE is provided enablePLRSupdateForPUSCHSRS, pathloss RS in a PC setting can be updated by a MAC-CE.

	SRS resource
	Per resource set
	Per resource set
	Pathloss RS, P0/alpha, and closed loop index are configured to an SRS resource set via RRC. If UE is provided enablePLRSupdateForPUSCHSRS, pathloss RS in an SRS resource set can be updated by a MAC-CE.

	Dedicated PUCCH resource
	Per resource
	Per resource
	Up to 64 settings each configured by PUCCH-SpatialRelationInfo including spatial relation, pathloss RS, P0, and closed loop index. MAC-CE activates one of the settings for each PUCCH resource.


As we can see, UL power control parameters and pathloss RS are provided to PUSCH, PUCCH, and SRS by different mechanisms with different signaling mediums in Rel-15/16. In this sense, if there is any enhancement is needed to support Rel-17 unified TCI framework, we have to discuss them case by case.
Regarding UL PC parameters except for PL-RS, the following agreement was made in RAN1#104e [3]:
	Agreement from RAN1#104
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework: 
· The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS
· Select or modify from one of the following alternatives by RAN1#104bis-e for PUCCH, PUSCH, and SRS separately:
· Alt1. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
· Alt2. The setting of (P0, alpha, closed loop index) is included with UL or (if applicable) joint TCI state
· Alt3. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
· Alt4. The setting of (P0, alpha, closed loop index) is determined as in Rel-16 without enhancement


For PUSCH, in Rel-15/16, SRI field in a scheduling DCI indicates the UL PC setting configured by SRI-PUSCH-PowerControl for the scheduled PUSCH transmission. Since UE determines PUSCH transmission parameters according to the SRS resource(s) indicated by SRI field, e.g., precoder, layer(s), port(s), and spatial Tx filter. Therefore, it is natural to associate the UL PC parameters per SRI field value. For SRS, in Rel-15/16, the UL PC parameters (P0 and closed loop index) are provided per SRS resource set, and we also don't see the need to update them along with the beam switching (i.e., TCI update). For PUCCH, in Rel-15/16, the UL power control parameters (P0 and closed loop index) are provided along with the spatial relation in each spatial relation setting configured by PUCCH-SpatialRelationInfo, and MAC-CE activates one of the spatial relation settings for a dedicated PUCCH resource. In Rel-17 unified TCI framework, since a common spatial Tx filter would be used for all dedicated PUCCH resources, spatial relation is not needed to be provided per PUCCH resource anymore. However, since different PUCCH resources may be allocated and configured differently, NW may still need the flexibility to provide the UL PC parameters per dedicated PUCCH resource. Thus, when Rel-17 unified TCI is enabled, PUCCH-SpatialRelation Info still can be used (servingCellId, referenceSignal, and pucch-PathlossReferenceRS-Id can be absent in PUCCH-SpatialRelation Info) for providing UL PC parameters.
Proposal 14: The setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework is determined as in Rel-16 without enhancement.

Regarding PL-RS, the following agreement was made in RAN1#104e [3]:
	Agreement from RAN1#104
On Rel.17 unified TCI framework:
· Select at least one of the following alternatives by RAN1#104bis-e for path-loss measurement (PL-RS):
· Alt1. PL-RS can be included in UL TCI state or (if applicable) joint TCI state.
· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state.
· Alt2. PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state
· FFS: Exact association mechanism
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· Alt3. The periodic DL-RS used as a source RS for determining spatial TX filter can be used as PL-RS. In case the periodic DL-RS used as a source RS for determining spatial TX filter is not used as PL-RS, reuse Rel.16 procedure with the same signaling structure (MAC CE+SRI field in UL-related DCI) to indicate PL-RS for UL transmission with minimum enhancement (e.g. pertaining to the use for PUCCH, or using default PL-RS)
· PL-RS is not additionally configured in or associated to UL TCI state or (if applicable) joint TCI state
· Alt4. UE calculates path-loss based on periodic DL RS configured as the source RS or a periodic QCL-Type-D/spatialRelationInfo source of the source RS in UL TCI state or (if applicable) joint TCI state
· FFS: Whether UE can calculate path-loss based on DL periodic RS for path-loss calculation for UL RS in the UL TCI
· FFS: Application time of PL-RS
· NOTE: As in Rel-16, a UE does not expect to simultaneously maintain more than four path-loss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions
· FFS: investigate the condition(s) agreed in Rel-17 and, if needed, study whether a UE can simultaneously maintain more than four path-loss estimates


For PUSCH and PUCCH, in Rel-17 unified TCI framework, a common spatial Tx filter is used for all PUSCH and PUCCH transmissions according the indicated TCI state. Since pathloss RS is generally beam-specific, it would be beneficial to update PL-RS along with the beam switching (i.e., TCI update). For SRS, PL-RS can be also updated along with the beam switching if the common spatial Tx filter is applied to the SRS resource set. Note that dynamic PL-RS updating thought MAC-CE for PUCCH and SRS is also already supported in Rel-16.

In RAN1#104e, how to support PL-RS update for Rel-17 unified TCI framework was intensively discussed, and four alternatives are captured in the agreement for down-selection: 
· Alt1. PL-RS can be included in UL TCI state or (if applicable) joint TCI state.
· Alt2. PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state
· Alt3. The periodic DL-RS used as a source RS for determining spatial TX filter can be used as PL-RS. In case the periodic DL-RS used as a source RS for determining spatial TX filter is not used as PL-RS, reuse Rel.16 procedure with the same signaling structure (MAC CE+SRI field in UL-related DCI) to indicate PL-RS for UL transmission with minimum enhancement (e.g. pertaining to the use for PUCCH, or using default PL-RS)
· PL-RS is not additionally configured in or associated to UL TCI state or (if applicable) joint TCI state
· Alt4. UE calculates path-loss based on periodic DL RS configured as the source RS or a periodic QCL-Type-D/spatialRelationInfo source of the source RS in UL TCI state or (if applicable) joint TCI state
A PL-RS should be either an SSB or a P-CSI-RS resource. However, the RS in a TCI state used for determine spatial Tx filter can be SSB, P/SP/AP-CSI-RS resource, or an SRS resource. Thus, the number of configured PL-RSs is usually smaller than the number of configured TCI states. Furthermore, in Rel-15/16, UE doesn’t expect to simultaneously maintain more than 4 pathloss RSs per serving cell. In Rel-17, this limitation remains unchanged. However, the number of activated TCI states may be up to 8. In this sense, for Alt1, per TCI state including a PL-RS seems to be redundant.
Compared with Atl1, Alt2 not only supports PL-RS update along with TCI update but also provide a more flexible manner to maintain TCI states and PL-RSs independently. In one example, a list of PL-RSs can be configured by NW, similar to PUSCH-PathlossReferenceRS-r16 in Rel-16. Then, NW can use MAC-CE to provide the linkage between the activated TCI state(s) and the configured PL-RS(s). Note that dynamic PL-RS updating thought MAC-CE for PUCCH and SRS is already supported in Rel-16, and we can use the application time analogous to that Rel-16 MAC-CE based PL-RS update.
Regarding Atl3, the periodic DL-RS used as a source RS for determining spatial TX filter can be used as the PL-RS, if the periodic DL-RS exists. However, if periodic DL-RS used as a source RS for determining spatial TX filter is not used as PL-RS we don't see how Rel-16 MAC-CE-based PL-RS update can facilitate PL-RS update along with the TCI update supported in Rel-17 unified TCI framework. Furthermore, if there is no periodic DL-RS used as a source RS, Alt3 doesn't provide any solution. 
Regarding Alt4, UE can determine a periodic DL-RS configured for determining QCL-Type-D/spatialRelationInfo from the QCL chain(s) of the TCI state, and it can be used as the PL-RS. Since UE may use the periodic DL-RS for beam tracking, UE can perform PL estimation based on the periodic DL-RS at the same time, which can help to avoid the possible mismatch between the Tx beam for UL transmission and the DL Rx beam for PL estimation due to separate RS configurations. However, this may increase UE complexity on maintaining PL-RS. In Rel-16, explicit PL-RS lists are provided to UE, and a corresponding UE capability is used to limit the maximum number of configured PL-RSs for PUSCH/PUCCH/SRS by RRC. For Alt4, PL-RSs are implicitly determined from the configured TCI states, which is difficult to UE to maintain all the periodic DL-RSs that are possible used as the PL-RSs. Furthermore, if multiple TCI states are activated by MAC-CE, there is a risk that UE may need to maintain more than four PL-RSs. To avoid this, NW has to be careful when configures and activates the TCI states.
Proposal 15: On Rel.17 unified TCI framework, PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state.
· An RRC list of PL-RSs is configured to UE, and MAC-CE provides the linkage between the activated TCI state(s) and the PL-RS(s) in the RRC list 


Issue 2: Inter-cell mobility enhancement
In the last meeting, RAN1 reached the following agreement for L1/L2-centric inter-cell mobility [3]:
	Agreement from RAN#104
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· A quality of up to K beams associated at least with non-serving cell(s) can be reported in a single CSI reporting instance 
· For each beam, the UE can report at least: (1) a Measured RS Indicator, and (2) a Beam Metric associated with the Measured RS Indicator
· FFS: Maximum value of K 
· FFS: If K is fixed, configured, reported by UE capability, or dynamically selected  
· FFS: The type of beam metric (e.g. L1-RSRP, L3-RSRP, or hybrid L1/L3-RSRP) and related measurement behavior 
· FFS: Whether or not beam reporting associated with non-serving cell(s) can be mixed with that with serving-cell in one reporting instance
At the end of RAN1#104-e, send an LS to RAN2 with all the RAN1-related inter-cell mobility agreements done so far during Rel17. LS is endorsed in R1- 2102209.

Agreement from RAN#104
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
· Whether the support applies to CSI-RS with or without QCL source, or both
· FFS: The number of non-serving cell(s) for measurement/reporting 
· FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
· FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
· FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE
· FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement

Agreement from RAN#104
On Rel.17 enhancements for L1/L2-centric inter-cell mobility, 
· Discuss whether to support at least the source RS types already agreed for intra-cell mobility for the purpose of referencing to non-serving cell(s). Note: This implies the following source RS(s): 
· CSI-RS for BM configured for non-serving cell(s) for DL QCL and UL TX spatial references
· CSI-RS for tracking (TRS) configured for non-serving cell(s) for DL QCL and UL TX spatial references
· SSB configured for non-serving cell(s) for UL TX spatial references
· SRS for BM configured for non-serving cell(s) for UL TX spatial references
· FFS: whether to support CSI-RS for mobility 
· FFS: whether to support other source RS(s) potentially agreed later for intra-cell mobility
· FFS: whether to support CSI-RS for BM and tracking configured for non-serving cell(s) and without non-serving cell SSB as QCL-TypeD source
· Send an LS to RAN2 on TCI state update (beam indication) using source RS configured for non-serving cell(s) for DL reception and UL transmission. The following topics are considered for the LS: 
· RRC configuration issues
· Serving cell issues
· C-RNTI issues
· Issues related to CU-DU split
· Inter-band CA issues
· Inter-frequency issues


In this section, we’d like to share our views on L1/L2-centric inter-cell mobility.
Measurement and reporting for non-serving-cell RSs
In RAN1#104e, support of L1-RSRP measurement/reporting on SSB(s) of non-serving cell(s) was agreed for both L1/L2-centric inter-cell mobility and inter-cell mTRP. In our view, current spec support of L1-RSRP reporting on serving cell RS(s) should be reused as much as possible, including:
· Maximum value of K is 4
· K is configured by NW based on a UE capability
· Time behavior of the reporting supports at least semi-persistent and aperiodic 
Proposal 16:  On Rel.17 L1-RSRP measurement/reporting on non-serving cell RS(s), current spec support of L1-RSRP reporting on serving cell RS(s) should be reused as much as possible, including:
· Maximum value of K is 4
· K is configured by NW based on a UE capability
· Time behavior of the reporting supports at least semi-persistent and aperiodic (FFS: periodic)
There are several remaining issues, and our view on them is provided as follows:
1. Whether the measurement for SS-RSRP is limited within SMTC: To our understanding, limiting non-serving cell SSBs in SMTC window can help to avoid unnecessary measurements and reduce the UE power consumption. However, for non-serving cell SSBs used for Rel.17 L1-RSRP measurement/reporting for both L1/L2-centric inter-cell mobility and inter-cell mTRP, since the configurations for the non-serving cell SSBs would be provided explicitly as a part of the serving cell configuration, as agreed in RAN1#103e [2], we expect corresponding UE capabilities will be introduced for the configurations including at least the number of non-serving cell SSBs. Thus, we don't see the need to limit the non-serving cell SSBs within an SMTC window.
Proposal 17: On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, non-serving cell SSB doesn't have to be limited within SMTC.

2. Whether or not beam reporting associated with non-serving cell(s) can be mixed with that with serving-cell in one reporting instance: In Rel-15/16, the SSBs for L1-RSRP measurement/reporting are transmitted with the same Tx power, and UE can directly compare the measured L1-RSRPs to determine the K best beams. However, non-serving cell(s) and serving cell may not use the same Tx power, and spec should further define how to report the K best beams if Tx powers are not the same. On the other hand, RSs corresponding to different serving cells associated with the same report setting is not even supported in Rel-15/16. Thus, we don't see the need to allow such mixed measurements and reporting.
Proposal 18: On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, beam reporting associated with non-serving cell(s) cannot be mixed with that with serving-cell in one reporting instance.

3. Whether to support measurement/report on non-serving cell CSI-RS: We don't see the need since non-serving cell SSBs should be sufficient for discovering gNB beams of non-serving cell(s). If NW would like to further determine the narrower gNB beams of the non-serving cell(s), CSI-RS for BM for serving cell can be associated with the non-serving cell SSB to perform such beam refinement. Regarding CSI-RS for mobility, since UE usually performs L3 measurement with wide Rx beamforming or without Rx beamforming, we concerns whether the L1-RSRP result corresponding to CSI-RS for mobility can be used for gNB beam selection. Regarding CSI-RS for tracking, in Rel15/16, no reporting is allowed for the measurement on CSI-RS for tracking, and we also don't see the gain to introduce L1-RSRP measurement/reporting on CSI-RS for tracking. 
Proposal 19: On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, non-serving cell CSI-RS is not supported.

4. Whether to support other report quantity (e.g., L3-RSRP or hybrid L1/L3-RSRP): In our opinion, the measurement/reporting on non-serving cell RS(s) is intended for TCI state update (beam indication) using source RS configured for non-serving cell(s) for DL reception and UL transmission. This is because according to RAN4 requirements (TS 38.133), there should be at least one L1-RSRP measurement reporting for a target TCI state within a period before UE performs DL reception with a TCI state, where the RS for L1-RSRP measurement is the RS in the target TCI state or QCLed to the target TCI state. In order to allow a TCI state associated with non-serving-cell RS(s) to be used for DL reception and UL transmission, the same rule should be reused, which means at least L1-RSRP measurement reporting has to be introduced for non-serving-cell RS. However, we don't see how beam indication using source RS configured for non-serving cell(s) can benefit from support of L3-RSRP or hybrid L1/L3-RSRP reports.
Proposal 20: On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, only L1-RSRP is supported as the reporting quantity.

5. Whether to support dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE: In Rel-15/16, L1 measurement on semi-persistent CSI-RS can be activated/deactivated by MAC-CE. L1 measurement on aperiodic CSI-RS is only performed when corresponding reporting is triggered by DCI. However, L1 measurement on SSB or periodic CSI-RS in Rel-15/16 cannot be activated/deactivated or triggered in dynamic. Since L1 measurement/report on non-serving cell(s) is not always needed, NW may request it only if e.g., the link quality of serving cell is getting worse. We see it is beneficial to request L1 measurement on non-serving SSB via MAC-CE activation. Regarding non-serving cell CSI-RS, if supported, semi-persistent CSI-RS and aperiodic CSI-RS already can support dynamic activation/ deactivation/selection.
Proposal 21: Support dynamic activation/deactivation of the beam measurement on the non-serving SSB(s) via MAC CE

Beam indication for L1/L2-centric mobility
Association of a TCI state with a source RS configured for non-serving cell(s) is the simplest way to enable L1/L2-centric mobility. We see this feature can be considered as a part of Rel-17 unified TCI framework since all of them are introduced for high-mobility use case. In RAN1#104e, one issue was identified that whether to support at least the source RS types already agreed for Rel-17 unified TCI framework for the purpose of referencing to non-serving cell(s), which implies the following source RS(s): 
· CSI-RS for BM configured for non-serving cell(s) for DL QCL and UL TX spatial references
· CSI-RS for tracking (TRS) configured for non-serving cell(s) for DL QCL and UL TX spatial references
· SSB configured for non-serving cell(s) for UL TX spatial references
· SRS for BM configured for non-serving cell(s) for UL TX spatial references
In our view, an RS configured for non-serving cell(s) can be the following two cases:
· Case 1: The RS is configured as a non-serving cell RS, e.g., a non-serving cell SSB
· Case 2: The RS is QCLed with a non-serving cell RS, e.g., a serving-cell CSI-RS that is QCLed with a non-serving cell SSB (QCL-TypeD)
Regarding CSI-RS for BM and CSI-RS for tracking, we think both of them can be supported as the source RSs for DL QCL and UL TX spatial references. However, both of them should be Case 2, i.e., they should be serving-cell CSI-RSs that are QCLed with non-serving cell SSBs as QCL-TypeD sources. 
Proposal 22: On Rel.17 enhancements for L1/L2-centric inter-cell mobility, a serving-cell CSI-RS for BM or tracking can be used for DL QCL and UL TX spatial references, if a non-serving-cell SSB is associated with the serving-cell CSI-RS as QCL-TypeD source.

Regarding SSB configured for non-serving cell(s), since non-serving cell-SSB is already supported in Rel-17, it can supported as Case 1 for UL TX spatial reference. Furthermore, it is also beneficial to support it for DL QLC reference, if it can be supported for intra-cell mobility. 
Proposal 23: On Rel.17 enhancements for L1/L2-centric inter-cell mobility, a non-serving-cell SSB can be used for UL TX spatial reference, and DL QCL reference, if it is supported for intra-cell mobility.
Regarding SRS for BM configured for non-serving cell(s), we think this can be supported as Case 2, where an association between the SRS for BM and a non-serving-cell SSB is needed. It is not necessary to introduce non-serving-cell SRS for UL beam management.  
Proposal 24: On Rel.17 enhancements for L1/L2-centric inter-cell mobility, a serving-cell SRS for BM can be used for UL TX spatial reference, if a non-serving-cell SSB is associated with the serving-cell SRS as UL TX spatial reference.

However, if the activated TCI states are associated with RSs configured for the serving cell and the non-serving cell simultaneously, it would be difficult for UE to track these activated TCI sates since UE has to assume multiple PSS/SSS sequences and the timing difference between these RSs could be large if they are configured for different cells. Moreover, we believe L1/L2-centric inter-cell mobility is for reduce the latency from cell switching instead, thus DL receptions or UL transmissions dynamically switched between the serving cell and the non-serving cell based on DCI indication should be avoided. Therefore, we prefer some restrictions to avoid the UE complexity. For example, if UE receives an activation command activates more than one TCI states, UE expects all the active TCI states are associated with source RSs from cell(s) broadcasting a same PCI.
Proposal 25: Further study potential UE implementation impact on if TCI states activated by MAC-CE are associated with serving-cell RSs and non-serving cell RSs at the same time, including:
· Tracking on the active TCI states if UE has to assume multiple PSS/SSS sequences
· Tracking on the active TCI states if timing difference between serving-cell RS and non-serving cell RS is not within a CP duration
· DL receptions or UL transmissions dynamically switched between the serving cell and the non-serving cell due to e.g., DCI scheduling

Issue 3: Signaling medium for unified TCI activation/update
Based on current agreements on signaling medium for unified TCI framework [1][2], there are several remaining issues listed as follows. In this section, we’d like to share our views on these issues.
1. Switching between joint and separate TCI
2. Support of additional DCI format for TCI update
3. Application time of TCI state update
4. Default TCI state when more than one TCI states are activated by MAC-CE

Switching between joint and separate TCI
In RAN1#104e meeting, regarding switching between joint and separate TCI, several alternatives were identified:
· Alt1. A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI 
· Alt2A. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via RRC signaling
· Alt2B. A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling
· Alt3. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling
In Rel-17, as shown in the following agreements [2] for a multi-panel UE, it was agreed that UL panel selection can be initiated by UE. Since UE may perform UL panel selection by considering MPE mitigation, UE power saving or other purposes included in the agreement [2], UL panel can be changed in dynamic and UL panel(s) may not be always the same set of DL panel(s). These imply that whether the BPL(s) used for DL reception is the same as the BPL(s) used for UL transmission would be also dynamically changed. Therefore, we see dynamic switching between joint and separate TCI should be supported. 
	Agreement from RAN1#103
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 

Agreement from RAN1#103
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)

Agreement from RAN1#103
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.



Proposal 26: Unified TCI framework should support dynamic switching between joint and separate TCI

In Rel-16, for sDCI multi-TRP, MAC-CE can associate one or two TCI states with the codepoints of TCI field. If UE detects a DCI with a codepoint of TCI field that is associated with only one TCI state, it implies the scheduled DL reception comes from a single TRP. If UE detects a DCI with a codepoint of TCI field that is associated with two TCI states, it implies the scheduled DL reception comes from two TRPs, where each TCI state corresponds to one of the TPRs. According to the received codepoint of TCI field and the associated TCI state(s), UE can be dynamically indicated DL reception from either single TRP or multiple TRPs. 
We see dynamic switching between joint and separate TCI can supported by a mechanism similar to TCI update for sDCI multi-TRP without introducing an additional TCI field. For example, NW can use MAC-CE to associate one or two TCI states with the codepoints of TCI field. If UE detects a DCI with a codepoint of TCI field that is associated with only one TCI state, the TCI state is used for DL and UL jointly (i.e., joint DL/UL TCI). If UE detects a DCI with a codepoint of TCI field that is associated with two TCI states, one TCI state is used for DL and another is used for UL (i.e., separate DL/UL TCI). 
Proposal 27: To support dynamic switching between joint and separate TCI, MAC-CE can map one or two TCI states to the codepoint(s) of TCI field. 
· When UE detects a DCI format with the TCI field indicates only one TCI state, the TCI state is used for DL and UL jointly
· When UE detects a DCI format with the TCI field indicates two TCI states, one TCI state is used for DL and another is used for UL.

Support of additional DCI format for TCI update
In RAN1#104e meeting, regarding support of DCI format(s) for beam indication in addition to the agreed DCI formats 1_1/1_2 with DL assignment, several alternatives were identified:
· Alt0: No additional DCI format is supported
· Alt1: DCI formats 1_1/1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Alt2: Dedicated DCI format other than 1_1/1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Alt3: UL-related DCI formats 0_1/0_2 with UL grant, applicable only for UL-only TCI of separate DL /UL TCI 
In our view, support only DCI format 1_1/1_2 with DL assignment for TCI update is not quite sufficient and flexible due to the dependence of DL traffic. For example, TCI update may be still required for CSI acquisition or SRS transmission even these is no DL or UL traffic. When there is UL-only or UL-heavy traffic, TCI update for UL transmission is also needed. In order to support for wider and flexible use cases, we see support of additional DCI format(s) for TCI update is needed. 
Regarding Atl1: support of DCI format 1_1/1_2 without DL assignment for beam indication, this could be beneficial for NW scheduling flexibility due to dependence of DL and UL traffics. Moreover, the unused fields in DCI format 1_1/1_2 can be re-purposed for potential usages in unified TCI framework. In Rel-15/16, a DCI format 1_1/1_2 without DL assignment can be used for indicating SPS PDSCH activation/release or SCell dormancy. After a successful decoding of the DCI format 1_1/1_2, UE will send ACK feedback for it as a part of HARQ-ACK codebook. If DCI format 1_1/1_2 without DL assignment is supported for beam indication, the followings are our views on the issues identified in the agreement: 
Identify DCI formats 1_1/1_2 used for beam indication only: First, we prefer to re-use CS-RNTI to scramble beam indication DCI w/o DL assignment, is the simplest way to differentiate from DCI for SCell dormancy indication w/o DL assignment and normal DCI with DL assignment. Second, special values on some fields can be applied to beam indication DCI w/o DL assignment to differentiate DCI scrambled by CS-RNTI for other purposes, including:   
· DCI format 1_1/1_2 for retransmission of DL SPS
· DCI format 1_2 for DL SPS activation w/o DL assignment
· DCI format 1_1/1_2 for DL SPS release w/o DL assignment

In summary, we propose the following values/fields applied for beam indication DCI w/o DL assignment:
· FDRA with the values same as in Table 10.2-4 of TS38.213 is used to differentiate from DCI format 1_1/1_2 for retransmission of DL SPS and DCI format 1_2 for DL SPS activation w/o DL assignment
· NDI with ‘0’ is used to differentiate from DCI format 1_1/1_2 for retransmission of DL SPS
· MCS with all ‘1’s (only used for retransmission) is used to differentiate from DCI format 1_2 for DL SPS activation w/o DL assignment
· RV with all ‘1’s is used to differentiate from DCI format 1_1/1_2 for DL SPS release w/o DL assignment

Table 2. DCI format 1_1/1_2 with CRC scrambled by CS-RNTI for different purposes 
	 
	DCI format 1_1/1_2 for retransmission of DL SPS
	DCI format 1_2 for DL SPS activation w/o DL assignment
	DCI format 1_1/1_2 for DL SPS release w/o DL assignment
	DCI format 1_1/1_2 for beam indication w/o DL assignment

	CRC scrambling
	CS-RNTI
	CS-RNTI
	CS-RNTI
	CS-RNTI

	RV
	For scheduling
	Set to all ‘0’s
	Set to all ‘0’s
	Set to all ‘1’s

	MCS
	For scheduling
	For scheduling
	Set to all ‘1’s
	Set to all ‘1’s

	NDI
	Set to ‘1’
	Set to ‘0’
	Set to ‘0’
	Set to ‘0’

	HARQ process number
	For scheduling
	Set to all ‘0’s for a single DL SPS activation
	Set to all ‘0’s for a single DL SPS release
	FFS

	FDRA
	For scheduling
	For scheduling
	Set to all ‘0’s for FDRA Type 0
Set to all ‘1’s for FDRA Type 1
Set to all ‘0’s for dynamicSwitch
	Set to all ‘0’s for FDRA Type 0
Set to all ‘1’s for FDRA Type 1
Set to all ‘0’s for dynamicSwitch



DCI acknowledgment mechanism: ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook can be used for beam indication DCI w/o DL assignment. Upon a successful reception of the beam indication DCI, the UE reports an ACK, and the ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI. For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH. For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release. Note that upon a failed reception of the beam indication DCI, a NACK may be reported according to the HARQ-ACK codebook generation. Furthermore, we see at least the following fields have to be reserved for providing HARQ-ACK feedback:
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)
When UE receives a beam indication DCI w/o DL assignment, at least a TCI field can be assumed always present to signal the following: 1) Joint DL/UL TCI state, 2) DL TCI state, and/or 3) UL TCI state. In addition to TCI field, at least the following DCI fields have to be reserved for beam indication purpose:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
The remaining unused DCI fields and codepoints can be utilized for future use.
Proposal 28: Support DCI format 1_1/1_2 without DL assignment for joint/separate TCI update.
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook, and use (at least) the following DCI fields for HARQ-ACK feedback
· TDRA (if type-1 codebook is configured)
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)
· When used for beam indication without DL assignment
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· FDRA is set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: HARQ process number
· The existing TCI field is assumed always present in the DCI to signal the following: 1) Joint DL/UL TCI state, 2) DL TCI state, and/or 3) UL TCI state. 
· In addition to TCI field, at least the following DCI fields have to be reserved:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· The remaining unused DCI fields and codepoints can be utilized for future use

Regarding Alt3: support UL-related DCI format 0_1/0_2 with UL grant for UL-only TCI update (of separate DL /UL TCI), we see it is also beneficial when there is UL-only or UL-heavy traffic. To support UL-only TCI update, one configurable TCI field can be introduced in DCI format 0_1/0_2. Furthermore, the acknowledgment in response to decoding of a DCI format 0_1/0_2 that indicates UL-only TCI update can be directly based on the PUSCH transmission scheduled by the DCI format 0_1/0_2.
Proposal 29: Support DCI format 0_1/0_2 with UL grant for UL-only TCI update (of separate DL /UL TCI)
· One TCI field can be configured in DCI format 0_1/0_2
· The PUSCH transmission scheduled by a DCI format 0_1/0_2 that indicates TCI update can be considered as the acknowledgment in response to decoding of the DCI format 0_1/0_2

According the above discussion, DCI format 1_1/1_2 and DCI format 0_1/0_2 already can accommodate most of the use cases for TCI update. Thus, we don't see the need to introduce a new DCI format dedicated for the purpose of TCI update (Alt2). Moreover, a brand new DCI format may also cause additional impact on PDCCH capacity.
Proposal 30: Not support a new DCI format dedicated for joint/separate TCI update

Application time of TCI state update
In RAN1#104e, RAN1 reached the followings for application time of TCI state update, i.e., beam application time:
	Agreement from RAN1#104
On Rel.17 DCI-based beam indication, regarding application time of the beam indication: if beam indication is successfully received and the newly indicated beam in the beam indication is different from the previously indicated beam, down-select (no later than RAN1#105-e) one from the following. No other alternatives will be considered:
· Alt1: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the DCI with the joint or separate DL/UL beam indication
· Alt2A: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication 
· Alt 2B: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication, except that the (new) TCI state update can be applied to the PDSCH, if it exists, (scheduled by the beam indication DCI) and corresponding ACK transmission (provided that the time offset between the DCI and the scheduled PDSCH exceed the threshold, analogous to Rel.15/16) 
· Alt2C: Support both Alt1 and Alt2A, and introduce a UE capability that indicates the support of Alt1 or Alt2A
· Alt3: the first slot that is at least X1 ms or Y1 symbols after the [first/last] symbol of the DCI with beam indication and X2 ms or Y2 symbols after the [first/last] symbol of the acknowledgment of the beam indication
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y

Agreement from RAN1#104
On the beam application time for Rel.17 DCI-based beam indication, the beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· FFS: the reference for defining the UE capability (e.g. from DCI reception or ACK transmission)
· FFS: whether a UE is allowed to report more than 1 values in case of MPUE
· FFS: the application time when DCI and applied channel(s) are on different CCs with same/different SCS(s)


Regarding Alt1, it can provide up-to-date beam updating for currently scheduled DL reception (e.g., scheduled PDSCH) and/or UL transmission (e.g., corresponding HARQ-ACK transmission). This is especially important for high mobility scenario, which is the main purpose to introduce DCI-based TCI update for Rel-17 unified TCI framework instead of using only MAC-CE. From robustness perspective, beam misalignment may occur between the starting of beam application time and the corresponding HARQ-ACK transmission. However, such periodic of uncertainty is relatively small　(e.g., 1 slot). Regarding Alt2A, it can ensure that gNB and UE are well aligned since the period of uncertainty can be avoided. However, from latency perspective, additional latency is needed for applying the new beam compared to Alt1. In our opinion, it is difficult to judge which Atl1 and Alt2A is a better solution. Therefore, Al2C can provide the flexibility for UE and NW to choose between Alt1 and Alt2A by considering the trade-off between latency and robustness. Alt2A could be a baseline capability, and UE can report whether to support Alt2A. Then, based on the capability reporting, NW can configured either Alt1 or Alt2A as the beam application time (an RRC parameter may be needed) and corresponding X/Y value.
Proposal 31: On Rel.17 DCI-based beam indication, support Alt2A as the baseline capability, and UE can report whether to support Alt1 to NW (i.e., support Alt2C).
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Figure 2. Examples of beam application time (Alt1 and Alt2A)
Regarding Alt2B, to our understanding, corresponding timelines can be separated into two cases depending on the time offset between the reception of the DCI and the scheduled PDSCH. If the time offset is smaller than a threshold (i.e., timeDurationforQCL), the newly indicated beam has to be applied after the corresponding HARQ-ACK transmission. If the time offset is equal or larger than a threshold, the newly indicated beam can be applied to the scheduled PDSCH and corresponding HARQ-ACK transmission. From robustness perspective, misalignment may still occur during the PDSCH reception and the corresponding HARQ-ACK transmission if the time offset is equal or larger than a threshold. For UE complexity perspective, if the time offset is equal or larger than a threshold, UE has to apply new beam and old beam at the same time since the new beam only can be applied to the PDSCH/PUCCH corresponding to the DCI, which causes unnecessary implementation challenge. In summary, we don't see clear benefit from Alt2B.　  
Regarding Alt3, two values of X1 and X2 (or Y1 and Y2) are defined for beam application time. To our understanding, the first value (X1/Y1) has to satisfy the UE capability, and the second value (X2/Y2) has to satisfy NW requirement. Basically, Alt3 still only allows the newly indicated beam can be applied after the corresponding HARQ-ACK transmission. However, the first value (X1/Y1) further prevents the time offset between the DCI reception and the HARQ-ACK transmission is too short. In our view, if beam application time is restricted after the HARQ-ACK transmission, which means UE processing time for PDCCH decoding, PDSCH decoding, and PUCCH preparation are already considered, thus we think introducing UE capability for the second value (X2/Y2) should be sufficient. Regarding the NW requirement, it doesn't have to be revealed in the specification since how to configure the second value (X2/Y2) is up to NW implementation. In summary, we don't two values of X1 and X2 (or Y1 and Y2) are needed for beam application time.
In RAN1#104e, it was agreed that the beam application time can be configured by gNB based on UE capability. Regarding the UE capability for the minimum beam application time, we prefer to reuse some candidate values of existing UE capability beamSwitchTiming for this capability, e.g., 14/28/48 symbols. Due to the UE capability is reported in a number of symbols, the beam application time is configured in a number symbols (i.e., Y symbols). For UL and DL, we don't see the need to have separate beam application times for them. Regarding whether a UE capability needs to be introduced for the maximum value of beam application time, we also don't see the need since RAN1 will define a reasonable value range including the maximum value in the final stage of Rel-17 WI. 
Proposal 32: On Rel.17 DCI-based TCI update, the existing UE capability beamSwitchTiming is reused for the UE capability of the minimum values of beam application time supported by UE.
· The value of beam application time is configured in number of symbols
· DL and UL beam indication share the same beam application time
· A UE capability introduced for the maximum value of beam application time is not needed

Since Rel-17 unified TCI framework may be used for fast UL panel selection, layer-1/2 inter-cell mobility, or cross-carrier scheduling for intra/inter-band CA, the beam application time (and the UE capability) may (or may not) need to further take these uses into account. 
For MP-UE, whether panel activation latency should be considered in the beam application time is a problem. After MP-UE receives MAC-CE that activates TCI state(s), it will determine beam(s)/panel(s) corresponding to the active TCI state(s). In fact, the determination of beam(s)/panel(s) is up to UE implementation in Rel-15/16, and we believe it will be also true since Rel-17 supports UE-initiate UL panel selection/activation. When UE decides to use more than one panels for transmission or reception based on the active TCI states, the panels should be activated after the active TCI list is applied. The application time for applying activated TCI state is sufficient for panel activation. After that, UE will use the active panels for transmission or reception based on the activated TCI states. Therefore, the beam application time for DCI-based TCI update doesn't have to consider the panel activation latency.
Observation 1: Beam application time for DCI-based TCI update doesn't have to consider panel activation latency since UE is able to complete panel activation for the activated TCI states after corresponding activation command is applied. 

For layer-1/2 inter-cell mobility, since beam indication using TCI state associated with non-serving cell RS may be supported in Rel-17, whether additional latency is needed can be discussed after there are concrete agreements to support this feature. For example, if these is a limitation for this feature that UE only expects to receive an active command that activates TCI state(s) associated RS on a same cell. With this limitation, DCI-based beam switching happens only within a same cell, thus the beam application time doesn't have to consider cross-cell impact.
Proposal 33: Whether beam application time for DCI-based TCI update and corresponding UE capability have to consider beam switching within different cells can be discussed after there are concrete agreements to support beam indication using TCI state associated with non-serving cell RS.

In RAN1#103e [2], it was agreed to support common TCI state ID update and activation across a set of configured CCs at least for intra-band CA. In this case, it is possible that UE receives a DCI in a CC with the smaller SCS that indicates TCI update for CC(s) with larger SCS(s).Then, we have to further consider the impact on beam application time. In order to align the beam application time in the set of configured CCs, UE should determines the first slot that UE can apply the new TCI state based on a reference CC with the smallest SCS in the set of configured CC. Regarding UE capability of the minimum beam application time, it should take the additional delay due to low-to-high TCI update into account.
Proposal 34: For common TCI state ID update across a set of configured CCs, UE should determines the first slot that UE can apply the newly indicated beam to the set of configured CCs based on a reference CC with the smallest SCS in the set of configured CC. 

Meanwhile, since at least DCI format 1_1/1_2 is agreed to support joint or separate DL/UL TCI update, it is possible to use a DCI to achieve cross-carrier joint or separate DL/UL TCI update, i.e. a DCI received in a scheduling CC can be used for TCI state update in a scheduled CC indicated by a carrier indicator field in the DCI. This is especially important for FR1+FR2 CA, where the control channels would be on the FR1 CC due to better reliability and coverage. Note that common TCI state ID update for a set of configured CCs may not be suitable for this use case since TCI update is usually not needed in FR1 CC. Then, we should also consider possible impact on beam application time if cross-carrier joint or separate DL/UL TCI update is supported.
Proposal 35: Study possible impact on beam application time if cross-carrier joint or separate DL/UL TCI update is supported in Rel-17 unified TCI framework.


Default TCI state when more than one TCI states are activated by MAC-CE
In RAN1#103e [2], it was agreed that using MAC-CE to activate a list of TCI states, and using DCI to indicate one TCI state from the active TCI list for TCI update if more than one TCI states are activated. If only one TCI state is activated, the TCI state is directly applied. As the example shown in Figure 3, during the transition time between a new active TCI list is applied, where the new active TCI list includes more than one TCI states, and a DCI indicating a TCI update based on the new active TCI list, what TCI state shall be applied and whether a default TCI state is needed? We see there are two possible options as follows:
· Option 1: A default TCI state is defined for the transition time, e.g., the TCI state with the lowest ID in the newly applied active TCI list or the TCI state corresponding to the lowest TCI field value.  
· Option 2: UE doesn't change the currently applied TCI state before a newly TCI state indicated by a DCI is applicable. 
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Figure 3. Example of TCI activation and indication in two cases

We see which option is adopted should depend on whether the currently applied TCI state is still in the new active TCI list or not. Two cases are illustrated in Figure 3. For Case 1 if the currently applied TCI state is not in the new active TCI list, Option 1 would be feasible from UE implementation’s point of view. This is because UE is not responsible to track a TCI state if it is not in the active TCI list. If Option 2 is adopted for Case 1, UE has to track one more TCI state that may exceed UE capability. For Case 2 if the currently applied TCI state is still in the new active TCI list, since UE still has to track the active TCI state, we don't see any issue to adopt option 2.
Proposal 36: After UE receives an activation command activating more than one TCI states and the activation command is applied, and before UE detects a DCI indicates one of the active TCI states:
· If the currently applied TCI state is not one of the active TCI states, UE shall apply a default TCI state of the active TCI states.
· Otherwise, UE doesn't change the currently applied TCI state.   

Issue 4: Fast UL panel selection 
In RAN1#102/103/104 e-meetings, RAN1 reached the followings for fast UL panel selection [1]-[3]:
	Agreement from RAN1#102
[Issue 4] For Rel.17 NR FeMIMO, on MP-UE assumption to facilitate fast UL panel selection:
· The following assumptions are used: 
· In terms of RF functionality, a UE panel comprises a collection of TXRUs that is able to generate one analog beam (one beam may correspond to two antenna ports if dual-polarized array is used)
· UE panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP 
· No beam correspondence across different UE panels
· FFS: For each UE panel, it can comprise an independent unit of PC, FFT timing window, and/or TA.
· FFS: Same or different sets of UE panels can be used for DL reception and UL transmission, respectively
· In RAN1#103-e, identify candidate use cases including MPE, and consider remaining aspects if use cases are identified
· In RAN1#103-e, identify candidate signaling schemes for the following:
· NW to MP-UE (taking into account potential extension of the unified TCI framework in issue 1)
· MP-UE to NW

Agreement from RAN1#103
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 
 
Agreement from RAN1#103
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)
 
Agreement from RAN1#103
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.

Conclusion from RAN1#104
On Rel.17 enhancements to facilitate UL beam selection for MP-UE, the following terms are used at least for the purpose of discussion: 
· ‘Panel activation’ (at least for DL/UL measurement): activating L out of P available UE panel(s) at least for the purpose of DL and UL beam measurements (e.g. reception of DL measurement RS, transmission of SRS)
· ‘Panel selection’ (for UL transmission): selecting 1 out of L activated UE panel(s) for the purpose of UL transmission 
· Note: UE-initiated panel activation and selection have been agreed in RAN1#103-e
 
Agreement from RAN1#104
On Rel.17 enhancement for facilitating fast uplink panel selection,
· Rel.17 TCI state update (based on MAC CE + DCI along with the necessary TCI state activation, or MAC CE only) can be used for UE UL panel selection:
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support, e.g.  
· Additional spec support in TCI state definition to accommodate UL panel
· UE reporting to facilitate UL panel selection
· UE reporting, e.g. panel-specific report, including UE -panel state, e.g. inactive, active for DL /UL measurement, active for DL reception only, active for UL transmission, or other combination(s) of UE -panel states
· Support for linking or association of UE panels with CSI-RS/SSB resources or resource sets, SRS resource sets, and/or PUCCH resource groups, etc.

Agreement from RAN1#104
On Rel.17 enhancement for facilitating fast uplink panel selection, for discussion purpose, a panel entity corresponds to one or more RS resources:
· For CSI/beam reporting, the RS resource is an RS associated with measurement and/or reporting
· For beam indication, the RS resource is a source RS for UL TX spatial filter information
· Note: For one RS resource, the corresponding panel entity may vary and is controlled by the UE, and whether/how to maintain a common understanding between gNB and UE can be further discussed/decided
· Note: The above does not preclude possibility that an RS resource can be mapped to multiple panels
· Note: The one or more RS resources may correspond to one or more RS resource set(s) depending on further discussion/decision
· Note: Specification should not be designed in such a way that the UE is required to disclose its antenna implementation


In this section, we’d like to share our views on the signaling mechanism to facilitate fast UL panel selection.

Signaling mechanism for facilitating fast UL panel selection
A UE can be equipped with more than one panels to achieve full coverage and increase possibility to access the TRP(s) for FR2 operation. During beam measurement, a multi-panel UE may activate more than one panels to measure DL RS(s) to determine performance of each panel. In Rel-15/16, however, UE usually selects only one panel for both DL reception and UL transmission according to the beam measurement, and reports SSBRI(s)/CRI(s) with good L1-RSRP/SINR measured from the selected panel to NW. Then, based on the beam reporting, NW can select a corresponding gNB beam(s) for UL transmission without the knowledge of which panel is selected for UL transmission out of the multiple equipped panels. After a corresponding gNB beam(s) is selected by gNB through e.g., configuring or activating a spatial relation, UE can use the selected panel to perform UL transmission. 
In Rel-17, as agreed in RAN1#102e/103e, a multi-panel UE can be assumed: 
· No beam correspondence across different UE panels
· A panel comprises a collection of TXRUs that is able to generate one analog beam (one beam may correspond to two antenna ports if dual-polarized array is used)
· Panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP
· UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)
We see current specification cannot efficiently and flexibly support a multi-panel UE with above assumptions in Rel-17, at least for the following cases:
· Support multiple UE panels with different configurations. In practice, since the placeholders for antenna modules in a compact mobile device are usually limited and vary in size, different panels equipped on a UE may not have identical configurations, e.g., number of antenna elements, number of TXRUs, or number of antenna ports. In Rel-15/16, UE can report the maximum supported number of layers for UL transmission through capability signaling. However, this number is usually determined according to the panel with the smallest number of antenna ports since it should be supported by every panel that may be used for UL transmission. Even per panel capability is supported, NW still cannot know the selected gNB beam(s) corresponds to which panel capability.
· Support UL panel selection by UE when multiple UE panels are activated by UE. In Rel-17, as agreed in RAN1#103e, UL panel selection can be initiated by UE for MPE mitigation, UE power saving or other use cases identified in the agreement. According to the conclusion reached in RAN1#104e, even there could be more than one activated panels, UE still can select only one UL panel from them. For example, in order to avoid transmit power back-off due to MPE, UE may select a panel for UL transmission alternative to a panel for DL reception. If multiple panels are activated and only one of the panels is selected for UL transmission, NW has to know how to schedule UL transmission on the UL panel. However, NW cannot differentiate which gNB beam(s) corresponds to the UL panel selected by UE based on Rel-15/16 beam reporting.
· Support UL panel selection by NW when multiple UE panels are activated by UE. For some use cases identified in RAN1#103e, e.g., interference management or multi-TRP, it may be beneficial to let NW select the UL panel when UE activates more than one panels that are allowed for UL transmission, i.e., UE doesn't make the decision on UL panel selection. In this case, NW has to understand whether gNB beams correspond to more than one UL panels, and whether gNB beams correspond to the same panel or different panels. However, Rel-15/16 beam reporting cannot provide such information.

Observation 2: Current specification cannot efficiently and flexibly support a multi-panel UE with Rel-17 assumptions at least for the following use cases:
· Support multiple UE panels with different configurations
· Support UL panel selection by UE when multiple UE panels are activated by UE
· Support UL panel selection by NW when multiple UE panels are activated by UE

In RAN1#104e, it was agreed that a panel entity can correspond to one or more RS resources. In our view, since RS resource(s) in beam reporting is usually associated with gNB beam(s), each RS resource can be associated a panel entity to indicate the necessitated information to facilitate UL scheduling on the gNB beam(s). For example, to support multiple panels with different number of antenna ports, the panel entity can indicate the panel-specific configuration like the maximum supported number of layers for UL transmission on the panel corresponding to the gNB beam. To support UE-initiated UL panel selection when multiple panels are activated, the panel entity can inform a state of active panel to indicate whether the gNB beam(s) associated with the RS resource in beam reporting is feasible for UL transmission. To support UL panel selection by NW when multiple panels are activated, different panel entities can be used to indicate whether the gNB beams associated with different RS resources in beam reporting correspond to the same or different panels.
However, in order to avoid disclosing UE antenna implementation, as mentioned in the corresponding agreement, we prefer to use an implicit way to indicate the panel-related information through the panel entity, similar to TCI state used for beam indication without disclosing NW beamforming implementation. In one example, NW can configure a set of Panel Entity Indication (PEI) states, where each of the PEI states can be further provided with some parameters: 
· Panel-specific configuration: maximum supported number of layers for UL transmission
· Panel active state, e.g., whether UL transmission is allowed or not. Note that PEI states are intended for indicating the necessitated information for UL panel selection, thus only the active panel states related to UL have to be considered in the PEI states.
The number of PEI states and the panel-specific configuration provided to each of the PEI states can be configured according to panel-related capability reported by UE, e.g., the number of equipped panels and the maximum supported number of layers for UL transmission per panel.
[image: ]
Figure 4. Examples of associating panel entity indication (PEI) state with RS resource in beam reporting to indicate the necessitated information for UL panel selection  
As the example shown in Figure 4, four PEI states are configured by NW to UE, where the UE is equipped three panels. Note that the number PEI states may not be the same as the number of equipped panels. Since one of the panels can support at most one layer for UL and others support at most two layers for UL, two different configurations “MLP = 1” and “MLP = 2” are provided to the PEI state. Meanwhile, two panel active states “UL” and “noUL” are provided to these PEI states, where “UL” indicates UL transmission is allowed and “noUL” indicates UL transmission is not allowed. For the PEI state provided with “noUL”, the corresponding maximum supported number of layers for UL can be absent.
For beam reporting, according to UL panel activation and selection, UE can associate each RS resource with one of the configured PEI states, as the four cases illustrated in Figure 4:
· In case 1, UE only activates one panel with two antenna ports (UEP#1), thus it has to be used as the UL panel. For this case, UE can associate one PEI state, e.g., PEI state #2 with “MLP = 2” and “UL”, with all the RS resources in a beam report. 
· In case 2, UE activates two panels, and UL panel selection is initiated by UE, where one panel (UEP#2) with one antenna port is selected as the UL panel and one panel (UEP#1) with two antenna ports is not selected as the UL panel. For this case, UE can associate PEI state #3 configured with “noUL” with the RS resources corresponding to the panel not selected as the UL panel, and associate PEI state #0 with “MLP = 1” and  “UL” with the RS resources corresponding to the panel selected as the UL panel. 
· In case 3, UE also activates two panels, and UL panel selection is initiated by UE, where one panel (UEP#2) with two antenna ports are selected as the UL panel and one panel (UEP#1) with two antenna ports is not selected as the UL panel. For this case, UE can associate PEI state #3 configured with “noUL” with the RS resources corresponding to the panel not selected as the UL panel, and associate PEI state #2 with “MLP = 2” and  “UL” with the RS resources corresponding to the panel selected as the UL panel. 
· In case 4, UE activates two panels (UEP#1 and UEP#3) with two antenna ports, where both panels are allowed for UL transmission, and NW can select one of them for UL transmission later through e.g., UL beam indication. In beam reporting, UE can associate PEI states #1 and #2 configured with “UL” with the RS resources corresponding to the two activated panels.
Note that the association between a physical panel and an PEI state is fully up to UE implementation. As we can see in above examples, association between the PEI state(s) and the RS resource(s) in beam reporting can efficiently and flexibly support the identified use cases. 
Proposal 37: NW can configure a set of panel entity indication (PEI) states to a UE
· Each PEI state is provided with following parameters:
· Panel-specific configuration (e.g., the maximum supported number of layers for UL)
· Panel active state (e.g., whether UL transmission is allowed or not)
· For beam reporting, the UE can associate each RS resource with one of the PEI states.
· Note: association between a physical UE panel and a PEI state is fully up to UE 
Proposal 38: Support UE to report panel-related capability (e.g., number of equipped panels and maximum supported number of layers for UL transmission per UE panel)
· The number of configured panel entries and the panel-specific configuration associated with each of the configured panel entries can be provided according to panel-related capability.



In Rel-15/16, when NW selects a gNB beam for UL transmission, NW can indicate the selection to UE though a source RS indicated by a spatial relation or a TCI state. Then, UE can determine an UL spatial filter according to the indicated source RS. Similar to determination of an UL spatial filter, UE also can determine an UL panel according to the indicated source RS without additional information, e.g., the PEI state. However, for some cases, UL beam indication with a PEI state may be beneficial. For example, one RS resource has been associated by UE with PEI states with different panel-specific configurations in a same or different report instances or report settings. Thus, the same RS resource (or gNB beam) may correspond to different panels with different antenna ports, and UE may not know which PEI state is adopted by NW in the end. If UE uses an UL panel with a smaller number of antenna ports that NW expects, UE may not be able to support UL transmissions scheduled with larger number of layers. Therefore, indication of an PEI state along with UL beam indication may be needed to avoid misalignment between NW and UE.
Proposal 39: Study whether panel entity indication (PEI) state along with UL beam indication is needed to avoid misalignment between NW and UE.


Issue 5: MPE mitigation 
In RAN1#104 e-meeting, RAN1 reached the followings for MPE mitigation [3]:
	Agreement from RAN1#104
On Rel.17 enhancements to facilitate MPE mitigation, 
· On further enhancing the P-MPR report in Rel.16 (already agreed RAN4 framework, including triggering), down select between beam-level and panel-select reporting
· On SSBRI(s)/CRI(s) and/or indication of panel selection, focus study on the following: 
· Reporting of at least SSBRI(s)/CRI(s) to indicate gNB beam(s) that is feasible for UL transmission: additional reporting quantities are FFS
· Reporting of at least an indicator associated with a UE ‘panel’ that is feasible for UL transmission: additional reporting quantities are FFS
· Note: Just as agreed in RAN1#103-e, the purpose is to assess whether specification is needed or not
 
Agreement from RAN1#104
On Rel.17 enhancements to facilitate MPE mitigation, decide in RAN1#104bis-e whether to support at least one the following (not necessarily, but can be, in one reporting instance):
· {Rel.16 P-MPR based (beam/panel-level)} + {A}, where A is either Opt1A, Opt1B, Opt1C, or Opt1D:
· Option 1A: Virtual PHR or a modified version associated with each activated UL TCI or, if applicable, joint TCI
· Option 1B: {SSBRI(s)/CRI(s) and/or panel indication}
· Option 1C: {SSBRI(s)/CRI(s) and/or panel indication} + virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 1D: No additional reporting quantity
· {SSBRI(s)/CRI(s) and/or panel indication} + {A}, where A is either Opt2A, Opt2B, Opt2A+ Opt2B, or Option 2C
· Option 2A: L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· Option 2B: Virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 2C: No additional reporting quantity


In this section, we’d like to share our views on the following alternatives for facilitating MPE mitigation:
· Enhance existing P-MPR reporting
· Enhance existing beam reporting using panel entity indication state

Enhance existing P-MPR reporting
Maximum power reduction (MPR) has been introduced by RAN4 to enable UE to comply with regulatory MPE limits to avoid RF exposure issue. When suffering from the MPE issue, the maximum UE transmit power shall be reduced by a P-MPR value, which may result in large UL performance degradation. In Rel-16, RAN4 agreed to introduce P-MPR reporting via current PHR MAC-CE. However, Rel-16 P-MPR reporting only indicates a P-MPR value for the beam pair link (BPL) used for a certain PUSCH transmission, thus it is not helpful to avoid MPE issue since NW still cannot know which BPL(s) with a zero or smaller P-MPR value can be used instead. 
To address the MPE issue, enhancing Rel-16 P-MPR reporting is one alternative identified in previous RAN1 meeting. We see Rel-16 P-MPR reporting can be extended to provide P-MPR values for more BPLs. For example, UE can report P-MPR values for candidate BPLs corresponding to the activated TCI states for UL transmission. Then, NW will know which activated TCI state can be used without suffering from the MPE issue, if any. In our view, extending the beam-level P-MPR reporting to more BPLs is straightforward since Rel-16 already supports P-MPR reporting in beam level (i.e., the BPL used for a certain PUSCH transmission). We don't see the need to introduce the panel-level P-MPR reporting.
Proposal 40: Support reporting of beam-level P-MPR value(s) based on Rel-16 P-MPR reporting, where the P-MPR value(s) is associated with the activated TCI state(s) for UL transmission.  

Enhance existing beam reporting using panel entity indication state
In FR2, MPE issue is usually panel specific and can be effectively avoided by choosing a proper panel for UL transmission. However, if Rel-16 P-MPR reporting is enhanced to provide P-MPR values for more candidate BPLs (e.g., corresponding to the activated TCI states), whether MPE issue can be mitigated still depends on whether any candidate BPL exists in a proper panel with a zero or smaller P-MPR value. In general, NW activates the TCI states according to gNB beam(s) indicated in beam reporting, which means UE has to activate more than one panels and report gNB beam(s) corresponding to the activated panels to increase the opportunities to avoid the MPE issue. However, activating multiple UE panels leads to high power consumption and thermal issue.
Since MPE issue shall be detected by UE itself, it is natural that UE can initiate such panel selection for UL transmission to mitigate MPE issue. Note that UE-initiated UL panel selection have been agreed in RAN1#103-e. When UE detects MPE event on current serving panel for UL transmission, UE may attempt to determine another panel without suffering from MPE issue, if any. There are a lot of factors that may be used for UE decision on the UL panel selection, e.g., estimated UL receive power by taking MPE effect and link quality into account. Moreover, UE power consumption also has to be considered. Once the panel for UL transmission is determined, UE can indicate the gNB beam(s) corresponding to the selected panel to NW. Then, NW can activate/update spatial relation(s) or UL TCI state(s) based on the indicated gNB beam(s) for UL transmission, and UE can switch to the corresponding panel to perform UL transmission. In this procedure to handle MPE event, MPE detection, panel selection taking both MPE effect and link quality into account, and UL panel switching are all up to UE implementation. 
Observation 3: UE can initiate panel selection for UL transmission to mitigate MPE by UE implementation.

However, if the panel selected by UE for UL transmission is not the same set of panel(s) for DL reception, based on Rel-15/16 beam reporting, NW cannot differentiate which gNB beam(s) corresponding to the indicated SSBRI(s)/ CRI(s) is feasible for UL transmission. Thus, spec support is needed to inform the UE selection of UL panel to NW. 
Observation 4: Spec support is needed for indicating UE-initiated UL panel selection with considering MPE impact if the selected panel for UL transmission is not the same set of the panel(s) DL reception.

In RAN1#104e, on Rel.17 enhancements to facilitate MPE mitigation, it was agreed to focus study on the followings:
· Reporting of at least SSBRI(s)/CRI(s) to indicate gNB beam(s) that is feasible for UL transmission
· Reporting of at least an indicator associated with a UE ‘panel’ that is feasible for UL transmission
In our view, both of them are needed and can be naturally supported by associating panel entity indication (PEI) state with RS resource in beam reporting. As we proposed in Section 2.4, NW can configure a set of PEI states to a UE, and each PEI state is further associated with a panel active state for indicating whether UL transmission is allowed or not on the panel. For beam reporting, UE can associate each RS resource with one of the PEI states according to its panel activation and selection. Based on the associated PEI states along with beam reporting, NW can differentiate which gNB beam(s) indicated in beam reporting corresponds the UE panel that is feasible for UL transmission.
Proposal 41: On Rel.17 enhancements to facilitate MPE mitigation, UE can associate each RS resource in beam reporting with a panel entity indication (PEI) state to indicate whether the RS resource corresponds the UE panel that is feasible for UL transmission or not. 
· NW can configure a set of PEI states to a UE, where each PEI state is provided with at least a panel active state for indicating whether UL transmission is allowed or not
· Note: association between a physical UE panel and a PEI state is fully up to UE decision

In RAN1#104e, whether to further include MPE-related reporting content(s) in one reporting instance for MPE mitigation were discussed, e.g., whether to account for MPE effect in L1-RSRP calculation, or whether to include virtual PHR considering MPE effect. In our view, if MPE issue is handled by UE-initiated UL panel selection, MPE-related reporting content(s) is not needed. If MPE-related reporting content is needed, it means MPE issue has to be handled by NW instead of UE. For example, if UE activates multiple panels without awareness of MPE issue, where some panels suffers from MPE issue others not, and report a set of SSBRIs/CRIs to indicate beam pair links with good link qualities on these panels as well as MPE-related reporting content(s) for each of the beam pair links. Then, NW can select a subset of the beam pair links for UL transmission, according to the MPE-related reporting content(s). However, as we mentioned before, since MPE issue shall be detected by UE itself, it is natural that UE to initiate MPE mitigation during beam measurement/report.
Observation 5: MPE-related reporting content(s) is needed only when MPE issue has to be handled by NW instead of UE.


Issue 6: Latency reduction of beam management and update 
In RAN1#104e, RAN1 agreed to study on latency reduction of beam management and update. In the following, we focus on how to reduce the activation delay of TCI states and reduce DL signaling for beam management.
	Agreement from RAN1#104
On Rel.17 enhancements based on the unified TCI framework, perform study and, if needed, specify the following:
· Group1: Beam management with reduced DL signaling to reduce latency
· Group2: Reducing activation delay of TCI states and PL-RSs (including other WGs, e.g. RAN4)
· On RAN4-related matters, assessment/study phase can be done in RAN1. If RAN4-based enhancements are found necessary, a LS to RAN4 will be sent (to prepare RAN4 work)
Note: Given its dependence on the maturity compared to other issues (1 to 5), when to start the work and how much work is done on issue 6 should depend on the progress on the other issues.
Note: Aim for at most one solution for each of the group in Rel-17 to address issue 6


Reducing activation delay of TCI states
For multi-beam operation, mobility is always the critical issue when UE moves in high speed or narrower beam-width is used for beamforming. NR introduces separate frameworks for beam reporting and beam indication. Although separate frameworks allow better flexibility for NW to perform beam-based scheduling by considering not only beam reports from serving UEs, this also introduces an additional delay for beam update. In RAN4, the activation delay for a target TCI state is defined as follows:
slot n+THARQ++TO*(Tfirst-SSB + TSSB-proc)/NR slot length
· slot n is the slot UE receives the activation command to activate the target TCI state
· THARQ is the slot offset between the PDSCH carrying the activation command and HARQ-ACK for the PDSCH
· Tfirst-SSB is time to first SSB transmission after the activation command is decoded by UE, where the first SSB shall be the QCL TypeA or TypeC to the target TCI state
· TSSB-proc = 2 ms
· TO = 1 if the target TCI state is not currently active, 0 otherwise.
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Figure 5. Rel-15/16 beam management procedure

If we check the timeline of Rel-15/16 beam management procedure, the beam update latency can be defined as the duration between the time UE determines a new beam pair link and reports corresponding DL RS to NW and the time the target TCI state associated with the reported DL RS can be used for DL reception (or UL transmission in unified TCI framework). In order to reduce the beam update latency, NW can provide the TCI activation command as soon as possible once gNB receives the beam report from UE. However, if the target TCI state is not currently activated, UE has to wait for the reception of the SSB corresponding to the target TCI state before the beam pair link can be used for DL reception. The one SSB measurement is used for deriving QCL properties for the target TCI state since UE only tracks a limit number of TCI states that was currently activated. Since the time between SSBs is typically 20ms, the SSB periodicity will mostly dominate the beam update latency. Note that even unified TCI framework cannot avoid this issue.
Observation 6: SSB periodicity mostly dominates the activation delay of TCI states

In general, for a DL RS used for beam measurement, UE must have derived QCL properties of the DL RS during the measurement. If UE can remember the QCL properties of the DL RS and NW can guarantee the duration between UE reporting of the DL RS and NW activation a TCI state associated with the DL RS is not too long (otherwise the QCL properties will be out-of-date), the SSB measurement is not needed. Since UE cannot remember the QCL properties for all DL RSs, how to make sure UE can remember the QCL properties for DL RS(s) “selected” by NW? It is possible that UE can remember the QCL properties for a subset of DL RSs configured by NW. However, prediction of beam pair link(s) that will be used for DL reception (or UL transmission in unified TCI framework) is difficult, which requires more intelligent NW to configure the subset of DL RSs. 
UE-initiated TCI activation/deactivation could be one alternative to reduce the beam update latency. Based on beam measurements, UE can select one or more TCI states as active and reports them to NW. Since the TCI state(s) is selected and activated by UE, UE is responsible to remember the QCL properties of DL RS(s) associated with selected/ activated TCI state(s). Thus, the one SSB measurement is not needed anymore. Once NW response on the report is receives by UE, the selected/ activated TCI states can be immediately used for DL reception (or UL transmission in unified TCI framework). As shown in Figure 6, since UE-initiated TCI activation/deactivation merges beam report and TCI activation into one step, the beam update latency can be reduced.

[image: ]
Figure 6. Enhanced beam management procedure based on UE-initiated TCI activation/deactivation
[bookmark: _Ref54018103][bookmark: _Toc54367029]
Proposal 42: Support UE-initiated TCI activation/deactivation to avoid the activation delay of TCI states

Beam management with reduced DL signaling to reduce latency
If the updating rate of activated TCI states can be reduced, the activation delay of TCI states can avoided as much as possible. To achieve this, NW has to check the qualities of gNB beam(s) corresponding to the activated TCI sates, and refine the gNB beam(s) corresponding to the activated TCI states frequently. By associating the activated TCI states with a set of CSI-RS resources can be associating the activated TCI states with a set of CSI-RS resources for beam measurement/reporting, NW can update the gNB beam(s) corresponding to the activated TCI sates. However, since the activated TCI states are dynamically changed, current specification cannot efficiently support beam measurement/reporting only for the activated TCI states. In this sense, we see autonomous association between CSI-RS resource(s) and the activated TCI state(s) for beam measurement/reporting can avoid unnecessary DL signaling for beam management to reduce the updating rate of activated TCI states. 
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Figure 7. Autonomous association between CSI-RS for BM and the activated TCI state to update the gNB beam corresponding to the activated TCI sate

Proposal 43: Support autonomous association between CSI-RS for BM and the activated TCI state(s)

Conclusion
In this contribution, enhancement on multi-beam operation for FeMIMO was discussed. Based on the discussion in the previous sections, we made the following proposals and observations:

Issue 1: Unified TCI framework
Proposal 1: On Rel.17 unified TCI framework, support SSB as a source RS in a TCI state for determining DL QCL-TypeD information, where the source RS in the TCI state for determining DL QCL-TypeA information is also QCLed with the same SSB with QCL-TypeC and QCL-TypeD.
Proposal 2: For single-TRP, one single TCI state is indicated to provide common QCL information for DL, or determine common spatial Tx filter for UL, i.e., M = N = 1, in a CC or a set of configured CCs.
Proposal 3: Whether and how to support common TCI for multi-TRP should be discussed after the unified TCI framework and corresponding signaling medium are stable.
Proposal 4: For single-TRP, one single TCI state is indicated to provide common QCL information for all CORESETs, or to determine common spatial Tx filter for all dedicated PUCCH resources in a CC or a set of configured CCs.
Proposal 5: Joint/separate TCI can optionally apply to a CSI-RS resource configured for CSI acquisition.
Proposal 6: Joint/separate TCI can optionally apply to a CSI-RS resource set configured for BM.
Proposal 7: Joint/separate TCI can optionally apply to a SRS resource set configured for BM.
Proposal 8: Joint/separate TCI is NOT applicable to CSI-RS for tracking.
Proposal 9: An RRC parameter can be configured to a CSI-RS/SRS resource set to indicate whether to apply joint/separate TCI to CSI-RS/SRS resource(s) in the CSI-RS/SRS resource set.
Proposal 10: For a CSI-RS resource without applying joint/separate TCI, NW can associate a TCI state with the CSI-RS resource from the TCI state pool configured for join/separate TCI.
Proposal 11: For joint/separate TCI, an RRC TCI state pool is shared among a set of configured CCs
· For QCL Type-A, the BWP/CC ID for QCL-Type A source RS can be absent in a TCI state. When the BWP/CC ID for QCL-TypeA source RS is absent in the TCI state, the BWP/CC ID for QCL-TypeA source RS is determined according to a target CC of the TCI state and the corresponding active BWP
· For each applied active BWP per CC, UE uses the corresponding BWP ID + CC ID + QCL TypeA RS source ID to locate the corresponding QCL Type-A source RS
· A single RS determined according to the TCI state (in the shared RRC TCI state pool) indicated by a common TCI state ID is used to provide QCL Type-D indication across the set of configured CCs
· For UL TX spatial reference, a single RS determined according to the UL TCI state (in the shared UL TCI state pool) indicated by a common TCI state ID is used to determine UL TX spatial filter across the set of configured CCs
· Note: UL TCI state pool design is not yet decided
Proposal 12: On Rel.17 unified TCI framework, support separate TRSs as QCL-TypeA and QCL-TypeD source RSs in a TCI state, respectively, where UE expects the TRSs are QCLed with the same source RS.
Proposal 13: On Rel.17 unified TCI framework, in case of separate DL/UL TCI, support UL TCI shares the same TCI state pool as joint DL/UL TCI.
· Note: By previous agreements, DL TCI shares the same TCI state pool for joint DL/UL TCI
Proposal 14: The setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework is determined as in Rel-16 without enhancement.
Proposal 15: On Rel.17 unified TCI framework, PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state.
· An RRC list of PL-RSs is configured to UE, and MAC-CE provides the linkage between the activated TCI state(s) and the PL-RS(s) in the RRC list 

Issue 2: Inter-cell mobility enhancement
Proposal 16:  On Rel.17 L1-RSRP measurement/reporting on non-serving cell RS(s), current spec support of L1-RSRP reporting on serving cell RS(s) should be reused as much as possible, including:
· Maximum value of K is 4
· K is configured by NW based on a UE capability
· Time behavior of the reporting supports at least semi-persistent and aperiodic (FFS: periodic)
Proposal 17: On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, non-serving cell SSB doesn't have to be limited within SMTC.
Proposal 18: On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, beam reporting associated with non-serving cell(s) cannot be mixed with that with serving-cell in one reporting instance.
Proposal 19: On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, non-serving cell CSI-RS is not supported.
Proposal 20: On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, only L1-RSRP is supported as the reporting quantity.
Proposal 21: Support dynamic activation/deactivation of the beam measurement on the non-serving SSB(s) via MAC CE
Proposal 22: On Rel.17 enhancements for L1/L2-centric inter-cell mobility, a serving-cell CSI-RS for BM or tracking can be used for DL QCL and UL TX spatial references, if a non-serving-cell SSB is associated with the serving-cell CSI-RS as QCL-TypeD source.
Proposal 23: On Rel.17 enhancements for L1/L2-centric inter-cell mobility, a non-serving-cell SSB can be used for UL TX spatial reference, and DL QCL reference, if it is supported for intra-cell mobility.
Proposal 24: On Rel.17 enhancements for L1/L2-centric inter-cell mobility, a serving-cell SRS for BM can be used for UL TX spatial reference, if a non-serving-cell SSB is associated with the serving-cell SRS as UL TX spatial reference.
Proposal 25: Further study potential UE implementation impact on if TCI states activated by MAC-CE are associated with serving-cell RSs and non-serving cell RSs at the same time, including:
· Tracking on the active TCI states if UE has to assume multiple PSS/SSS sequences
· Tracking on the active TCI states if timing difference between serving-cell RS and non-serving cell RS is not within a CP duration
· DL receptions or UL transmissions dynamically switched between the serving cell and the non-serving cell due to e.g., DCI scheduling

Issue 3: Signaling medium for unified TCI update/activation
Proposal 26: Unified TCI framework should support dynamic switching between joint and separate TCI
Proposal 27: To support dynamic switching between joint and separate TCI, MAC-CE can map one or two TCI states to the codepoint(s) of TCI field. 
· When UE detects a DCI format with the TCI field indicates only one TCI state, the TCI state is used for DL and UL jointly
· When UE detects a DCI format with the TCI field indicates two TCI states, one TCI state is used for DL and another is used for UL.
Proposal 28: Support DCI format 1_1/1_2 without DL assignment for joint/separate TCI update.
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook, and use (at least) the following DCI fields for HARQ-ACK feedback
· TDRA (if type-1 codebook is configured)
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)
· When used for beam indication without DL assignment
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· FDRA is set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: HARQ process number
· The existing TCI field is assumed always present in the DCI to signal the following: 1) Joint DL/UL TCI state, 2) DL TCI state, and/or 3) UL TCI state. 
· In addition to TCI field, at least the following DCI fields have to be reserved:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· The remaining unused DCI fields and codepoints can be utilized for future use
Proposal 29: Support DCI format 0_1/0_2 with UL grant for UL-only TCI update (of separate DL /UL TCI)
· One TCI field can be configured in DCI format 0_1/0_2
· The PUSCH transmission scheduled by a DCI format 0_1/0_2 that indicates TCI update can be considered as the acknowledgment in response to decoding of the DCI format 0_1/0_2
Proposal 30: Not support a new DCI format dedicated for joint/separate TCI update
Proposal 31: On Rel.17 DCI-based beam indication, support Alt2A as the baseline capability, and UE can report whether to support Alt1 to NW. 
Proposal 32: On Rel.17 DCI-based TCI update, the existing UE capability beamSwitchTiming is reused for the UE capability of the minimum values of beam application time supported by UE.
· The value of beam application time is configured in number of symbols
· DL and UL beam indication share the same beam application time
· A UE capability introduced for the maximum value of beam application time is not needed
Observation 1: Beam application time for DCI-based TCI update doesn't have to consider panel activation latency since UE is able to complete panel activation for the activated TCI states after corresponding activation command is applied. 
Proposal 33: Whether beam application time for DCI-based TCI update and corresponding UE capability have to consider beam switching within different cells can be discussed after there are concrete agreements to support beam indication using TCI state associated with non-serving cell RS.
Proposal 34: For common TCI state ID update across a set of configured CCs, UE should determines the first slot that UE can apply the newly indicated beam to the set of configured CCs based on a reference CC with the smallest SCS in the set of configured CC. 
Proposal 35: Study possible impact on beam application time if cross-carrier joint or separate DL/UL TCI update is supported in Rel-17 unified TCI framework.
Proposal 36: After UE receives an activation command activating more than one TCI states and the activation command is applied, and before UE detects a DCI indicates one of the active TCI states:
· If the currently applied TCI state is not one of the active TCI states, UE shall apply a default TCI state of the active TCI states.
· [bookmark: _GoBack]Otherwise, UE doesn't change the currently applied TCI state.   

Issue 4: Fast UL panel selection 
Observation 2: Current specification cannot efficiently and flexibly support a multi-panel UE with Rel-17 assumptions at least for the following use cases:
· Support multiple UE panels with different configurations
· Support UL panel selection by UE when multiple UE panels are activated by UE
· Support UL panel selection by NW when multiple UE panels are activated by UE
Proposal 37: NW can configure a set of panel entity indication (PEI) states to a UE
· Each PEI state is provided with following parameters:
· Panel-specific configuration (e.g., the maximum supported number of layers for UL)
· Panel active state (e.g., whether UL transmission is allowed or not)
· For beam reporting, the UE can associate each RS resource with one of the PEI states.
· Note: association between a physical UE panel and a PEI state is fully up to UE 
Proposal 38: Support UE to report panel-related capability (e.g., number of equipped panels and maximum supported number of layers for UL transmission per UE panel)
· The number of configured panel entries and the panel-specific configuration associated with each of the configured panel entries can be provided according to panel-related capability.
Proposal 39: Study whether panel entity indication (PEI) state along with UL beam indication is needed to avoid misalignment between NW and UE.

Issue 5: MPE mitigation 
Proposal 40: Support reporting of beam-level P-MPR value(s) based on Rel-16 P-MPR reporting, where the P-MPR value(s) is associated with the activated TCI state(s) for UL transmission.  
Observation 3: UE can initiate panel selection for UL transmission to mitigate MPE by UE implementation
Observation 4: Spec support is needed for indicating UE-initiated UL panel selection with considering MPE impact if the selected panel for UL transmission is not the same set of the panel(s) DL reception.
Proposal 41: On Rel.17 enhancements to facilitate MPE mitigation, UE can associate each RS resource in beam reporting with a panel entity indication (PEI) state to indicate whether the RS resource corresponds the UE panel that is feasible for UL transmission or not. 
· NW can configure a set of PEI states to a UE, where each PEI state is provided with at least a panel active state for indicating whether UL transmission is allowed or not
· Note: association between a physical UE panel and a PEI state is fully up to UE decision
Observation 5: MPE-related reporting content(s) is needed only when MPE issue has to be handled by NW instead of UE.

Issue 6: Latency reduction of beam management and update
Observation 6: SSB periodicity mostly dominates the activation delay of TCI states
Proposal 42: Support UE-initiated TCI activation/deactivation to avoid the activation delay of TCI states
Proposal 43: Support autonomous association between CSI-RS for BM and the activated TCI state(s)
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