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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 framework
· Issue 4: Fast UL panel selection and MPE mitigation
· Issue 5: Beam update latency reduction
Discussion
Unified TCI framework
Based on current agreements 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. Maximum value of M/N for DL/UL
2. Applicability to a subset of all of the control channels
3. Additional applicability of the common QCL information or common spatial Tx filter
4. QCL for RS where common QCL information or common spatial Tx filter is not applicable
5. TCI state pool for CA
6. TCI state pool for joint DL/UL TCI update
7. TCI state pool for separate DL/UL TCI update
8. UL power control parameters and pathloss RS

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). In previous meeting, introducing more than one TCI states were proposed 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 1: 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 2: 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 3: 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 the common QCL information or common spatial TX filter
Since common QCL information is applied to all UE-dedicated data receptions, it is natural that CSI-RS resource(s) for CSI acquisition apply the same common QCL information as well. In order to inform UE whether CSI-RS (or SRS) resource(s) in a resource set should apply the common QCL information (or common spatial Tx filter), an RRC parameter can be configured to the resource set.
Proposal 4: Optionally, the common QCL information determined from Rel-17 unified TCI can also apply to CSI-RS resource(s) configured for CSI acquisition.
Proposal 5: An RRC parameter can be configured to a resource set to indicate whether to apply the common QCL information or a common spatial TX filter to CSI-RS or SRS resource(s) in the resource set.

QCL for RS where common QCL information or common spatial Tx filter is not applicable
When Rel-17 unified TCI is enabled, for a CSI-RS/SRS resource not applying the common QCL information or a common spatial TX filter, NW may still has to provide a TCI state or spatial relation to the CSI-RS/SRS resource. For CSI-RS, since a TCI state pool is configured for joint/separate TCI update for a CC, NW still can associate a TCI state in the TCI state pool with a CSI-RS resource not applying the common QCL information. In this manner, Rel-15/16 DL TCI state pool configured per BWP can be completely avoided to reduce configuration overhead and required UE memory. For SRS, 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 6: For a CSI-RS resource not applying the common QCL information, NW can associate a TCI state with the CSI-RS resource based on a TCI state pool configured for join or separate TCI update.

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 a common spatial TX filter across a set of configured CCs at least for intra-band CA. The same/single RS is determined according to the TCI state(s) indicated by a common TCI state ID to provide QCL Type-D 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 target CC. 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 general, NW 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 option 2, when the TCI states with a same ID are configured for a set of CCs, QCL-TypeD source RS shall be the same on 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, if NW can properly allocate the RS IDs for QCL-TypeA or QCL-TypeB source RS, as the example shown in Figure 1, it is possible that a single TCI state can include all the required source RSs from the CCs. Thus, Opt-1 is a better choice to avoid unnecessary configuration overhead and required UE memory, where the TCI state pool can be configured on a reference CC in the set of configured CCs.
Proposal 7: Support a single TCI state pool shared with a set of configured CCs
· A CC ID for QCL-TypeA RS is absent in a TCI state of the TCI state pool and the CC ID for QCL-TypeA RS is determined according to a target CC
· The TCI state pool can be configured on a reference CC in the set of configured CCs
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Figure 1. Example of sharing a single RRC TCI state pool for the set of configured CCs

TCI state pool for joint DL/UL TCI update
According to the agreement in RAN1#102e [1], joint DL/UL TCI state should be designed based on and analogous to Rel-15/16 DL TCI framework. In RAN1#103e [2], RAN1 reaches agreement that a pool of joint DL/UL TCI states is used for joint DL/UL TCI state update. Therefore, a joint DL/UL TCI state should reuse Rel-15/16 DL TCI state configuration as much as possible. That is, a joint DL/UL TCI state configuration should include at least all the parameters included in a Rel-15/16 DL TCI state configuration, as shown in the Table 1, and QCL TypeA and TypeD should be supported in joint DL/UL TCI as well. Regarding QCL TypeB and TypeC, since they are not supported for the DMRS of PDSCH or PDCCH, it not possible to use a joint DL/UL TCI state including QCL TypeB or TypeC source RS to indicate common QCL information. 
Proposal 8: A joint DL/UL TCI state should include all parameters included in a Rel-15/16 DL TCI state, where QCL TypeA and TypeD are supported in a joint DL/UL TCI state as well.

On UL, since only spatial QCL is needed to determine a common spatial Tx filter, a source RS with QCL TypeD in a joint DL/UL TCI sate can be extended to provide a reference for determining a common UL TX spatial filter.
Proposal 9: A source RS with QCL TypeD in a joint DL/UL TCI sate provides a reference for determining a common UL TX spatial filter.

Table 1. Rel-15/16 TCI-State information element
TCI-State ::=        SEQUENCE {
    tci-StateId      common-TCI-StateId,
    qcl-Type1               QCL-Info,
    qcl-Type2               QCL-Info                            OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                SEQUENCE {
    cell                    ServCellIndex                       OPTIONAL,   -- Need R
    bwp-Id                  BWP-Id                              OPTIONAL,   -- Cond CSI-RS-Indicated
    referenceSignal         CHOICE {
        csi-rs              NZP-CSI-RS-ResourceId,
        ssb                 SSB-Index
    },
    qcl-Type                ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

TCI state pool for separate DL/UL TCI update
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. On Alt2-1, 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 Alt2-1, Alt2-2 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, having separate TCI state pools for DL and UL seems to be redundant. Moreover, if the TCI state pool can be used for joint DL and “UL” TCI update, we don't see why the same pool cannot be used for separate TCI update for UL. 
Proposal 10: For separate DL/UL TCI update, both DL TCI state and UL TCI state are taken from a same TCI state pool, and the TCI state pool is used for joint DL/UL TCI update as well.

Power control parameters and pathloss RS for UL
In Rel-15/16, UL power control parameters including P0, alpha, and closed loop index as well as pathloss RS provided for PUSCH, PUCCH, and SRS transmission are summarized in Table 2.

Table 2. Determination of power control parameters and pathloss RS for UL in Rel-15/16
	UL channel/signal
	P0/alpha and closed loop index
	Pathloss 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.


Note: A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/ SRS transmissions.
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 these is any enhancement is needed to support Rel-17 unified TCI framework, we have to discuss them case by case.
For PUSCH, in Rel-15/16, SRI field in a scheduling DCI indicates a power control 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 UL power control parameters and pathloss RS per SRI field value. In Rel-17 unified TCI framework, a common spatial Tx filter is determined for all PUSCH transmissions according the indicated TCI state either by joint or separate DL/UL update. Since pathloss RS is generally beam-specific, it would be beneficial to update pathloss RS along with beam switching. In Rel-16, dynamically updating pathloss RS by MAC-CE is supported for this purpose. For other UL power control parameters (P0/alpha and closed loop index), however, since they still have to be provided based on the SRS resource(s) indicated by SRI field, the mechanism used in Rel-15/16 should remain unchanged. 
For SRS, UL power control parameters (P0 and closed loop index) and pathloss RS are provided per SRS resource set. For UL power control parameters, since they should be configured according to the configuration(s) of SRS resource(s) in a resource, we also don't see the need to update them along with beam switching. However, pathloss RS can be updated along with the TCI update if the common spatial Tx filter is applied to the SRS resource set. Note that dynamic updating for pathloss RS for SRS resource set is also already supported in Rel-16.
For PUCCH, in Rel-15/16, UL power control parameters (P0 and closed loop index) and pathloss RS are provided along with spatial relation in each spatial relation setting configured by PUCCH-SpatialRelationInfo, and MAC-CE activates one of spatial relation settings for a dedicated PUCCH resource. In Rel-17 unified TCI framework, since a common spatial Tx filter would be determined from the indicated TCI state for all dedicated PUCCH resources, spatial relation is not needed to be provided per PUCCH resource. However, since different PUCCH resources may be allocated and configured differently, NW may still need the flexibility to provide UL power control parameters per PUCCH resource. Thus, when Rel-17 unified TCI is enabled, configuration and activation of PUCCH-SpatialRelation Info without servingCellId, referenceSignal, and pucch-PathlossReferenceRS-Id are used for providing UL power control parameters for each dedicated PUCCH resource.         
Proposal 11: When Rel-17 unified TCI is enabled, UL power control parameters (P0, alpha and/or closed loop index) are provided for PUSCH/SRS/PUCCH transmission as in Rel-15/16.
Proposal 12: When Rel-17 unified TCI is enabled, support pathloss RS update along with TCI update for PUSCH/PUCCH transmission.
Proposal 13: When Rel-17 unified TCI is enabled, support pathloss RS update along with TCI update for a SRS resource set, if common spatial Tx filter is applied to the SRS resource set.

In RAN1#103e, how to support pathloss RS update along with TCI update was intensively discussed, where possible solutions are listed as follows including explicit and implicit manners: 
· Option 1: RRC pre-configured linkage between a TCI state and a pathloss RS
· e.g., a TCI state includes a pathloss RS ID that indicates a pathloss RS in an RRC configured list of pathloss RSs
· e.g., a TCI state includes a SSBRI/CRI that indicates a DL RS as a pathloss RS  
· Option 2: Dynamic linkage between a TCI state and a pathloss RS
· e.g., a MAC-CE associates a pathloss RS with a codepoint of TCI field  
· Option 3: Pathloss RS is the DL RS in TCI state used for determining common spatial Tx filter
A pathloss 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 (if supported). In this sense, the number of pathloss RSs would be smaller to the number of configured TCI states. Thus, per TCI state configuring a DL RS as a pathloss RS would be redundant. Meanwhile, in Rel-15/16, UE doesn’t expect to simultaneously maintain more than 4 pathloss RSs per serving cell. In Rel-17, we expect this limitation will remain unchanged. If a pathloss RS tracked by UE is activated for tracking, an additional latency would be needed for applying thus pathloss. Then, a fixed (semi-statically) linkage between a TCI state and a pathloss RS may causes unnecessary latency since activation of a new set of TCI states may not require UE to maintain a new set of pathloss RSs. In summary, Option 1 is not preferred.
Compared with Option 1, Option 2 not only can support pathloss RS update along with TCI update but also provide a more flexible manner to maintain TCI states and pathloss RSs independently. In one example, the MAC-CE used for TCI activation can be used for providing linkage between an active TCI state and a pathloss RS.  
For Option 3, even it can help to avoid the possible mismatch between the Tx beam for UL transmission and the DL Rx beam for pathloss measurement due to separate RS configurations. However, Option 3 cannot be a standalone solution since the RS in a TCI state used for determine spatial Tx filter can be any RS but pathloss RS has to be either an SSB or a P-CSI-RS resource. Thus, Option 3 can be supported as a secondary solution.
Proposal 14: MAC-CE for TCI state activation can be used for providing linkage between active TCI state(s) and pathloss RS(s).
Proposal 15: If an active TCI state is not associated with a pathloss RS by MAC-CE, SSB or periodic CSI-RS in the active TCI state used for determining a common spatial Tx filter is used as a pathloss RS, if any. 
Inter-cell mobility enhancement
In the last meeting, RAN1 reached the following agreement for L1/L2-centric inter-cell mobility [2]:
	Agreement
On Rel-17 enhancements to enable L1/L2-centric inter-cell mobility: 
· The following use cases are assumed: 
· Network architecture: 
· NSA, i.e. LTE PCell and NR-PSCell 
· SA
· Intra-band CA 
· FFS: If inter-band CA is also included
· Intra-RAT (excluding inter-RAT) 
· Intra-frequency scenario: 
· The SSBs of non-serving cells have the same centre frequency and SCS as the SSBs of the serving cell
· An SSB of a non-serving cell is associated with a PCI different from the PCI of the serving cell
· FFS: Support for inter-frequency scenario
· FFS: Whether to support intra-DU only operation, or whether inter-DU is also allowed
· The following enhancement scope is assumed: 
· Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
· FFS: Detailed/exact method(s)
· FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
· FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
· FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
· Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 
· FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.
· FFS: other information needed for inter-cell mobility
· Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration
· FFS: The following enhancement scope is assumed by RAN1: 
· Whether RRC reconfiguration signaling is needed or not when a TCI associated with non-serving cell RS is indicated 
· A non-serving cell RS is an RS that is or has an SSB of a non-serving cell as direct or indirect QCL source 
· This implies no C-RNTI update when UE receives DL channel RS associated to non-serving cell RS as QCL source. 
· FFS whether TCI associated with non-serving cell can be indicated to or are applicable for all channels.
· Whether some RRC parameters need to be updated without additional RRC signaling, e.g. some RRC parameters are pre-configured, which are associated with TCI states with neighbour cell RS as QCL source
· Whether UE needs/can change serving cell during L1/L2-centric inter-cell mobility.
· The above assumption to be verified by RAN2


In this section, we’d like to share our views on L1/L2-centric inter-cell mobility.
Beam indication using TCI state associated with non-serving-cell RS
Association of a TCI state with non-serving-cell RS(s) is the simplest way to enable L1/L2-centric mobility, where a non-serving-cell RS is an RS that is a non-serving-cell SSB or has a non-serving-cell SSB as a direct or indirect QCL source. 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. However, if the active TCI states are associated with serving-cell RSs and non-serving cell RSs at the same time, it would be difficult for UE to track these active TCI sates since UE has to assume multiple PSS/SSS sequences and the timing difference between serving-cell RSs and non-serving cell RSs could be large. Moreover, we believe L1/L2-centric inter-cell mobility is for reduce the latency from cell switching instead introduce additional functionality to support inter-cell M-TRP, thus DL receptions or UL transmissions dynamically switched between the serving cell and the non-serving cell due to e.g., DCI scheduling should be avoided. Therefore, we would like to propose 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 Type C QCL RSs from cell(s) broadcasting a same PCI.
Proposal 16: Support TCI state update and activation for a TCI state direct or indirect associated with non-serving-cell RS(s) as a part of Rel-17 unified TCI framework.
Proposal 17: A non-serving-cell RS is an RS that is a non-serving-cell SSB or has a non-serving-cell SSB as a direct or indirect QCL source.
Proposal 18: 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:
· Fine-timing tracking on the active TCI states if UE has to assume multiple PSS/SSS sequences
· Fine-timing tracking on the active TCI states if timing difference between serving-cell RS and non-serving cell RS is large
· DL receptions or UL transmissions dynamically switched between the serving cell and the non-serving cell due to e.g., DCI scheduling

Measurement and reporting for non-serving-cell RSs
According to current 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.
Proposal 19: To support UE reception or transmission with a TCI state associated with non-serving-cell RS(s), L1-RSRP measurement reporting has to be introduced for the non-serving-cell RS(s).

Signaling medium for unified TCI framework
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. Default TCI state when more than one TCI states are activated by MAC-CE  
2. DCI format 1_1/1_2 for joint or separate DL/UL TCI update
3. Additional DCI format for joint or separate DL/UL TCI update
4. Application time of TCI state update

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 2, 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 2. 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 2. 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 20: 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.   

DCI format 1_1/1_2 for joint or separate DL/UL TCI update
In RAN1#103e, DCI format 1_1/1_2 is agreed to be used for joint or separate DL/UL TCI updates [2]. For joint DL/UL TCI update, the signaling medium could be similar to Rel-15/16 TCI update for PDSCH. An active TCI list can be provided by an activation command (i.e.,MAC-CE), and the TCI field in DCI format 1_1/1_2 can be reused for joint beam indication from the active TCI list, as shown in Figure 3. 
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Figure 3. Signaling medium for joint DL/UL TCI update

For separate DL/UL TCI update, when needed, since independent beam pair links may be used for DL and UL, independent update for DL and UL should be supported by DCI format 1_1/1_2. To achieve that, some potential solutions are listed as follows:
· Alt1: Add one additional TCI field in DCI format 1_1/1_2 for UL-only TCI update
· Alt2: An activation command can associate one or two TCI states with a codepoint of TCI field in DCI format 1_1/1_2. If one TCI state is associated with a codepoint, the TCI state is used for DL-only or UL-only TCI update. If two TCI states are associated with a codepoint, one TCI state is used for DL TCI update and another is for UL TCI update.
In our view, Alt1 is straightforward but it leads to constant DCI overhead. The need of separate DL/UL TCI update may be not persistent. For example, UE may (or may not) initiate UL panel(s) different from DL panel(s) according to different use cases dynamically due to MPE mitigation or UE power saving. Therefore, Alt1 is not efficient from this point of view. Compared with Alt1, Alt2 can also achieve the flexibility to achieve DL-only update, UL-only update, or update two different TCI states for DL and UL by sending one DCI, as example shown in Figure 4, by using the same TCI filed in DCI format 1_1/1_2. If one TCI state is associated with a codepoint, how to determine the TCI state is used for DL-only update or UL-only update can be lest to RAN2 MAC-CE design. In summary, we see the TCI field in DCI format 1_1/1_2 can be directly reused for joint or separate DL/UL TCI updates. 

[image: ]
Figure 4. Signaling medium for separate DL/UL TCI update

Since the same TCI field in DCI format 1_1/1_2 is used for joint DL/UL TCI update or separate DL/UL TCI update, UE can differentiate between the NW configurations according to the activation command. For example, if at least one TCI codepoint is associated with two TCI states, the TCI field in DCI format 1_1/1_2 is used for separate DL/UL TCI update. Otherwise, it is used for joint DL/UL TCI update. Meanwhile, since the same TCI field in DCI format 1_1/1_2 is used for PDSCH TCI update or Rel-17 unified TCI update, an RRC parameter would be needed to let UE know whether Rel-17 unified TCI update is enabled.
On DCI format 1_1/1_2 for joint or separate DL/UL TCI update, we propose the following:
Proposal 21: If an RRC parameter e.g., enableUnifiedTCI-r17 is configured, a codepoint of TCI field in DCI format 1_1/1_2 can be associated with one or two TCI states though an activation command:
· If no TCI codepoint is associated with two TCI states, the one TCI state associated with the TCI codepoint is used for joint DL/UL TCI update.
· If at least one TCI codepoint is associated with two TCI states, and the activation command associates one TCI state with the TCI codepoint, the TCI state is used for DL-only or UL-only TCI update according to an indication in the activation command.
· If at least one TCI codepoint is associated with two TCI states, and the activation command associates two TCI states with the TCI codepoint, one TCI state is used for DL TCI update and another is for UL TCI update.

Regarding the use of DCI format 1_1/1_2 without DL assignment for TCI update, we see this could be beneficial since TCI update may be still required for CSI acquisition or SRS transmission even these is no DL or UL traffic. In Rel-15/16, a DCI format 1_1 without DL assignment can be used for indicating SPS PDSCH release or SCell dormancy. After a successful decoding of the DCI format 1_1, UE will send ACK feedback for it as a part of HARQ-ACK codebook. In Rel-17, similar HARQ-ACK feedback can be also reused for a successful decoding of DCI format 1_1/1_2 indicating TCI update without DL assignment. In order to differentiate that a DCI format 1_1/1_2 detected by UE is used for TCI update instead of other purposes, a validation manner should be defined. For example, a flag can be introduced in DCI format 1_1/1_2. If the flag is set to one, then the DCI is used for TCI update, all the remaining fields can be set for beam indication or other related functions. 
Proposal 22: Support the used of DCI format 1_1/1_2 without scheduling a PDSCH reception, not indicating a SPS PDSCH release, and not indicating SCell dormancy to indicate TCI update.
· Reuse HARQ-ACK feedback in response to decoding a DCI format 1_1 that indicates a SPS PDSCH release or SCell dormancy as the acknowledgment in response to decoding of a DCI format 1_1/1_2 that indicates TCI update
· Define a validation manner to identify DCI format 1_1/1_2 indicates TCI update out of other purposes

Additional DCI format for joint or separate DL/UL TCI update
Following DCI formats other than DCI format 1_1/1_2 for joint or separate DL/UL TCI update are investigated:
· DCI format 0_1/0_2
· Fallback DCI including DCI format 0_0/1_0
· New DCI format 
First, we see the use of DCI format 0_1/0_2 for joint or separate DL/UL TCI update is also beneficial when these is UL-only or UL-heavy traffic. To support TCI update, one TCI field should be introduced in DCI format 0_1/0_2, and the interpretation of the TCI field in DCI format1_1/1_2 could be directly reused for interpreting the TCI field in DCI format 0_1/0_2. Furthermore, the acknowledgment in response to decoding of a DCI format 0_1/0_2 that indicates TCI update can be directly based on the PUSCH transmission scheduled by the DCI format 0_1/0_2.
Proposal 23: Introduce a TCI field in DCI format 0_1/0_2 for joint or separate DL/UL TCI update, where the interpretation of the TCI field in DCI format 1_1/1_2 for joint or separate DL/UL TCI update can be reused for interpreting the TCI field in DCI format 0_1/0_2.
Proposal 24: 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 a DCI format 0_1/0_2.

Regarding fallback DCI, fallback DCI in Rel-15/16 supports only a limited set of basic NR functionality, and the set of information fields is in general not configurable, resulting in a (more or less) fixed DCI size. Even in Rel-15, TCI update for PDSCH is not supported in DCI format 1_0. Rel-17 unified TCI framework must be an optional feature, and has to be enabled by a higher layer configuration. If TCI field is introduced in fallback DCI to support an optional Rel-17 feature, the interpretation of fallback DCI in Rel-15/16 UE would be a problem. In order to avoid unnecessary complications to fallback DCI operation and backward compatibility, we do not see that the TCI field supporting joint or separate DL/UL TCI update should be introduced to fallback DCI.
Proposal 25: In order to avoid unnecessary complications to fallback DCI operation and backward compatibility, not support DCI format 0_0/1_0 for Rel-17 unified TCI update.

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, as shown in Table 3. Thus, we don't see the need to introduce a new DCI format dedicated for the purpose of TCI update. Moreover, a brand new DCI format may also cause additional impact on PDCCH capacity.
Proposal 26: Not support introduction of a new DCI format dedicated for Rel-17 unified TCI update

Table 3. Different use cases and DCI formats for TCI update
	Use case
	DCI format can used for TCI update

	DL-only (or heavy) traffic
	DCI format 1_1/1_2

	UL-only (or heavy) traffic
	DCI format 0_1/0_2

	(Almost) no traffic
	DCI format 1_1/1_2 without DL assignment



Application time of TCI state update
RAN1 reached an agreement [2] in RAN1#103e on following two alternatives for application time of TCI update if a DCI with the joint or separate DL/UL TCI update is received, as illustrated in Figure 5. Note that the application time of TCI update is only needed if the newly indicated TCI state is not the one currently applied by UE.   
· Alt1: the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL TCI update
· Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL TCI update
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Figure 5. Alternatives of application time of TCI update if a DCI indicating TCI update is received

From latency reduction’s perspective, which is the main purpose to introduce Rel-17 unified TCI framework and DCI-based TCI update instead of using MAC-CE, we see Alt1 should be adopted due to up to date beam updating for current scheduled reception/transmission. This is especially important for high mobility scenario, e.g., high-speed train. From robustness’s perspective, we analyse the alternatives under following two error cases that may cause ambiguity between UE and NW: 
· Error case1: UE doesn't receive the DCI
· Alt1: UE still applies TCI state #x and no acknowledgement in response to the DCI. NW applies a new beam to receive the acknowledgement but nothing is received, and assumes that TCI state #x is still applied by UE. -> No ambiguity.
· Alt2: UE still applies TCI state #x and no acknowledgement in response to the DCI. NW applies an old beam to receive the acknowledgement but nothing is received, and assumes that TCI state #x is still applied by UE. -> No ambiguity.
· Error case 2: UE receives the DCI but NW fails to receive the acknowledgement in response to the DCI
· Alt1: After beam application time, UE applies TCI state #y to transmit the acknowledgement to NW. NW applies a new beam to receive the acknowledgement but nothing is received, and assumes that TCI state #x is still applied by UE. -> Ambiguity.
· Alt2: UE applies TCI state #x to transmit the acknowledgement to NW. After application time, UE applies TCI state #y. NW applies an old beam to receive the acknowledgement but nothing is received, and assumes that TCI state #x is still applied by UE. -> Ambiguity.
Either Alt1 or Alt2 is adopted, it is not possible that NW can differentiate between the two error cases. Thus, NW still has to transmit another DCI to indicate TCI switching to TCI state #y later. As we can see in the example, there is no difference between Atl1 and Alt2 when the two error cases happen, both of them show the same level of robustness. In summary, we prefer to adopt Alt1 due to less latency with no loss of robustness.
Proposal 27: For application time of TCI update if a DCI with the joint or separate DL/UL TCI update is received by a UE, the UE shall apply the TCI state indicated by the DCI in the first slot that is at least X ms or Y symbols after the reception of the DCI (Alt1).
· Note that the application time of TCI update is needed only if the TCI state indicated by the DCI is not the one currently applied by the UE.   

Regarding the beam application time (X ms or Y symbols), it is to be down-selected from the following alternatives:
· Alt1: 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
· Alt2: The beam application time is fixed and defined in specification
· Alt3: The beam application time can be configured by the gNB where the minimum value of beam application time is fixed and defined in specification
On Alt1, since UEs with different capabilities may require different application times, a UE can inform NW the value of minimum beam application time that UE can support through the capability signaling. Then, NW may want to align beam switching time for ease of scheduling when gNB serves multiple UEs with different capabilities, NW can an exact value of beam application time (X ms or Y symbols) to accommodate different values of minimum beam application time reported from multiple UEs, e.g., adopt the maximum value. The beam application time (X ms or Y symbols) should be not changed dynamically since it will cause additional UE complexity and beam switching ambiguity between NW and UE. Thus, beam application time (X ms or Y symbols) has to be configured by RRC rather than MAC-CE or DCI signaling. 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). Regarding application time for UL and DL, we don't see the need to have separate values for them. Regarding whether a UE capability needs to be introduced for the maximum value of beam application time, we also don't the need since we believe RAN1 will define a reasonable value range including the maximum value in the final stage of Rel-17 WI. 
On Alt2 and Alt3, since the beam application time or the minimum value of the beam application is fixed and defined in specification, it would be the worst case that every UE vendor can support (e.g., 48 symbols or more). For some UEs would like to support high mobility in FR2, they may support smaller values of beam application time. Or UEs in the future can support small values of beam application time due to the rapid scaling of silicon technology. However, Alt2 an Alt3 prohibit such advanced UE implementations.
Proposal 28: On Rel.17 DCI-based TCI update, the beam application time is RRC configured by the gNB based on a UE capability for the minimum value of beam application time (Alt1). 
· Some candidate values of existing UE capability beamSwitchTiming are reused for the UE capability e.g., 14/28/48 symbols.
· 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. We believe the application time for applying activation time should be sufficient for panel activation. After that, UE will use the active panels for transmission or reception based on the active 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 active 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 29: 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 Rel-15/16, cross-carrier scheduling can be enabled by transmitting a DCI format 0_1/0_2/1_1/1_2 with a carrier indicator field on a scheduling CC and the DCI schedules PDSCH/PUSCH or triggers an aperiodic-CSI report on a scheduled CC indicated by the carrier indicator field. The scheduling and scheduled CCs can have the same or different numerologies. The later one is supported only in Rel-16. Further, Rel-16 introduces an additional delay to the beam application time (i.e., timeDurationforQCL) if the SCS of the scheduling CC is smaller than the one of the scheduled CC.
In RAN1#103e [2], it was agreed to support common TCI state ID update and activation to provide common QCL information and/or a common spatial TX filter 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 30: For common TCI state ID update across a set of configured CCs, UE should determines the first slot that UE can apply the new TCI state to the set of configured CCs based on a reference CC with the smallest SCS in the set of configured CC. 
· UE capability of the minimum beam application time should take the additional delay from that a DCI in a CC with a smaller SCS indicates TCI update for CC(s) with larger SCS(s) into account.

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 31: Consider possible impact on beam application time if cross-carrier joint or separate DL/UL TCI update is supported.
· 

Fast UL panel selection and MPE mitigation
In the last meeting, RAN1 reached the following agreements for fast UL panel selection and MPE mitigation [2]:
	Agreement
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
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
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.
Agreement
On UE reporting for MPE mitigation for Rel-17, investigate and, if needed, specify the following:
· Reporting of P-MPR report based on Rel.16 framework.
· FFS: Whether panel/beam level based P-MPR report is supported
· FFS: Maximum reported number of panels, e.g. single or multiple  
· Reporting SSBRI(s)/CRI(s) and/or indication of panel selection for the purpose of indicating:
· Alt1: alternative UE panel(s) or TX beam(s) for UL transmission
· Alt2: feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account
· FFS: indication of panel selection details (e.g. explicit/implicit)
· Any additional reporting content: down-select from the following in RAN1#104-e 
· Alt0: no additional reporting content
· Alt1: Additional reporting content is included (for example P-MPR + L1-RSRP, virtual PHR + L1-RSRP, L1-RSRP/SINR with and without MPE effect, virtual PHR, P-MPR or virtual PHR + CRI/SSBRI, estimated max UL RSRP) 
· Note: Other options are not precluded
· FFS: Whether the above reporting is triggered by UE or configured by NW


In this section, we’d like to share our views on the signaling mechanism to facilitate fast UL panel selection and UE reporting for MPE mitigation.

Signaling mechanism for facilitating fast UL panel selection
For FR2 operation, UE can be equipped with more than one panels to achieve full coverage and increase possibility to access the TRP(s). During beam measurements, 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 BM procedure, UE usually selects/activates one panel with the best DL performance for both DL and UL, as illustrated in Figure 6(a), and UE reports SSBRI(s)/CRI(s) with good L1-RSRP/SINR measured from the preferred panel to NW. Then, NW could activate and indicate corresponding TCI states based on the beam reporting, and NW doesn't have to know which panel is activated out of the multiple equipped panels.
In Rel-17, as agreed in RAN1#103e [2], UL panel selection/activation can be initiated by UE due to MPE mitigation, UE power saving or other purposes included in the agreement. Moreover, UL panel(s) may be a subset of DL panel(s), which means when UE activate multiple panels, a panel may be activated for both DL reception and UL transmission, or DL reception only. For example, as illustrated in Figure 6(b), in order to avoid transmit power back-off due to MPE, UE may activate a panel UEP#2 for UL transmission alternative to a panel UEP#1 for DL reception. Note that DL reception on UEP#2 is still needed at least for RS measurement/tracking. In general, without support of simultaneous transmission, UE doesn’t activate more than one panels for UL transmission due to limited gain and power consumption. In this example, UE doesn't expect any UL transmission scheduling on UEP#1. If multiple panels are activated and only a subset of the panels are activated for UL transmission, in order to let NW know how to schedule UL transmission on the UL panel(s) instead of the DL-only panel(s), UE should indicate beam pair link(s) that are feasible for UL transmission on the UL panel(s) to NW. Then, NW can schedule UL transmission based on the indicated beam pair link(s) by, e.g., activating corresponding UL TCI state(s) via e.g., Rel-17 unified TCI framework. In summary, we see specification support for UE-initiated UL panel selection/activation is necessary.
Proposal 32: To support UE-initiated UL panel selection/activation in Rel-17, UE should indicate feasible beam pair link(s) for UL transmission if UL panel(s) is not the same set of DL panel(s).
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Figure 6. Example of a MP-UE when (a) the UE activates/selects one panel for both DL and UL (b) the UE activates/selects more than one panels and UL panel(s) is not the same set of DL panel(s)

When UE indicates feasible beam pair link(s) for UL transmission by e.g., reporting SSBRI(s)/CRI(s), and NW uses the corresponding SSB(s)/CSI-RS resource(s) as spatial QCL source(s), the determination of UL TX spatial filter(s) and UL panel(s) from the spatial QCL source(s) should be up to UE implementation as in Rel-15/16, i.e., according previous measurement/report and current tracking on the DL RSs, and NW doesn’t have to know which panel(s) out of the multiple equipped panels is activated for the spatial QCL source(s). Therefore, at least for the support of UE-initiated UL panel selection/activation, we don't see the need to indicate UL panel selection/activation to NW. 
Proposal 33: Indication of UL panel selection/activation to NW is not needed at least for the support of UE-initiated UL panel selection/activation in Rel-17. 

To support the indication of feasible beam pair link(s) for UL transmission, there are two alternatives as follows:
· Alt1: Separate beam reporting for DL and UL
In this alternative, the DL beam reporting is the same as Rel-15/16 beam reporting (i.e., NW-configured L1-RSRP/ SINR report). The UL beam reporting can be NW-configured reporting analogous to Rel-15/16 beam reporting, or UE-triggered report based on predefined criterion. Since the UL beam reporting is only needed for the case if UL panel(s) is not the same set of DL panels(s), UE-triggered report is more preferred in this alternative to avoid redundant report (i.e., SSBRI(s)/CRI(s) in the DL and UL beam reporting are the same). However, the specification effort to support the event-triggered report would be larger. Furthermore, we don't see UL-specific beam reporting is needed since UL panel(s) shall be a subset of DL panels(s), as the MP-UE assumption agreed in RAN1#103e.
Proposal 34: UL-specific beam reporting is not needed since UL panel(s) shall be a subset of DL panels(s), as agreed in RAN1#103e.
· Alt2: Joint beam reporting for DL and UL
This alternative can be achieved by enhancing Rel-15/16 beam reporting, e.g., introducing additional bit(s) to indicate whether the SSBRI(s)/CRI(s) in a beam reporting is feasible for UL transmission or not, as the illustrated in Figure 7. For the case if UL panel(s) is the same set of DL panels(s), all the SSBRI(s)/CRI(s) in the beam reporting would be indicated as “feasible for UL”. For the case if UL panel(s) is not the same set of DL panels(s), only some of SSBRI(s)/CRI(s) in the beam reporting would be indicated as “feasible for UL”. Compared with Alt1, Alt2 doesn't need additional UL resource for UCI or MAC-CE report to indicate the feasible UL beam pair link(s), and the specification effort is relatively small. 
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Figure 7. Enhanced Rel-15/16 beam reporting for fast UL panel selection when (a) UE activates/selects one panel for both DL and UL (b) UE activates/selects more than one panels and UL panel(s) is not the same set of DL panel(s)

Proposal 35: Support enhancing L1-RSRP/SINR reporting to indicate feasible beam pair link(s) for UL transmission, e.g., additional bit(s) to indicate whether SSBRI(s)/CRI(s) in a beam report is feasible for UL transmission or not.

It should be cautious that a MP-UE working with more than one active panels will suffer from considerable power consumption and might trigger thermal issue. On the other hand, a UE usually has better knowledge compared to NW to control the number of active panels at a time and which panel(s) is activated for UL transmission. In this sense, UL panel activation/selection should be left to UE decision instead of NW control, according to DL measurements, UE power consumption, or MPE management.   
Proposal 36: NW-initiated panel selection/activation is not supported for Rel-17 MP-UE.

UE reporting for MPE mitigation
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. Even this approach is capable to indicate the MPE issue existing in current UL transmission, it is certainly not helpful to mitigate MPE issue since NW doesn't know which beam pair link(s) can be scheduled with UL transmission without suffering from the MPE issue. 
In FR2, the MPE issue is highly directional. For certain UL beam(s)/panel(s), it may point to a human body, and have a large P-MPR value, while for some other UL beam(s)/panel(s) which may not point to a human body, they can have a zero or small P-MPR value. Thus, the MPE issue can be UL beam/panel specific and can be effectively avoided by choosing proper UL beam(s)/panel(s). Since MPE issue shall be detected by UE itself, it is natural that UE can initiate UL beam/panel selection to avoid the MPE issue, as the procedure depicted in Figure 8. Note that UE-initiated UL panel activation/selection is supported in Rel-17. When UE detects MPE event on current serving UL beam(s) or panel(s), UE may attempt to determine other UL beam(s)/panel(s) with good link quality and without suffering from the MPE issue, if any. There are a lot of factors that may be used for UE decision on the UL beam/panel selection, e.g., estimated UL receive power by taking MPE effect and link quality into account. Moreover, regarding UL panel selection, UE power consumption would be also considered. Once UL beam(s)/panel(s) is determined, UE can indicate beam pair link(s) corresponding to the selected UL beam(s)/panel(s) to NW. Then, NW can activate/update spatial relation(s) or UL TCI state(s) based on the indicated beam pair link(s) for UL transmission, and UE can switch to corresponding UL beam(s)/panel(s) to perform UL transmission. In this procedure to handle MPE event, we see MPE detection, UL beam(s)/panel(s) selection taking both MPE effect and link quality into account, and UL beam(s)/panel(s) switching can be up to UE implementation and transparent to NW. 
Observation 2: UE can initiate UL beam/panel selection to handle MPE issue by UE implementation and can be transparent to NW.

However, when UL beam(s)/panel(s) selected by UE is not the same set of DL beam(s)/panel(s), there is no mechanism to inform NW since Rel-15/16 beam reporting cannot differentiate the reported SSBRI(s)/CRI(s) is feasible for DL reception, UL transmission, or both. Thus, specification support would be needed to inform the UE selection of feasible UL beam pair link(s) to NW. 
Observation 3: Specification support is needed for indicating UE selection on UL beam(s)/panel(s) with considering MPE impact if UL beam(s)/panel(s) is not the same set of DL beam(s)/panel(s).
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Figure 8. Procedure to handle MPE event by UE-initiated UL beam/panel selection

In RAN1#103e, the need of reporting SSBRI(s)/CRI(s) and/or indication of panel selection for MPE mitigation was discussed, and two purposes with some differences (highlight parts) are listed for investigation:
· Alt1: Indication of alternative UE panel(s) or TX beam(s) for UL transmission
· Alt2: Indication of feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account
In our view, as we mentioned above, reporting SSBRI(s)/CRI(s) is necessary to support UE-initiated UL panel selection/activation if UL beam(s)/panel(s) is not the same set of DL beam(s)/panel(s), and MPE mitigation is one of the use cases as agreed in RAN1#103e. On the other hand, indication of UL panel selection/activation is not needed at least for the support of UE-initiated UL panel selection/activation in Rel-17.
On Alt1, when UE reports SSBRI(s)/CRI(s) to indicate “alternative” UE panel(s) or TX beam(s) for UL transmission, UL transmission is still possible to be scheduled on the panel(s) not activated for UL transmission. We don't see Alt1 can achieve any functionality to support UE-initiated UL panel selection/activation. Moreover, support of “alternative” UL panel(s) is not aligned with the agreed MP-UE assumption that UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s). 
Observation 4: Indication of alternative UE panel(s) or TX beam(s) for UL transmission cannot achieve any functionality to support UE-initiated UL panel selection/activation, and not align with the agreed MP-UE assumption that UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s).

On Alt2, as we mentioned above, if UL beam(s)/panel(s) is not the same set of DL beam(s)/panel(s), indication of “feasible” beam pairs(s) for UL transmission is needed, and this can be done by enhancing Rel-15/16 beam report. However, this feature is not only for MPE mitigation but also for other use cases agreed in RAN1#103e. Furthermore, since UL panel(s) activation/selection is initiated by UE, specification doesn't have to restrict the purpose of indication of “feasible” UL beam pairs(s) to NW.
Proposal 37: Support enhancing L1-RSRP/SINR reporting to indicate feasible UL beam pair(s) for MPE mitigation, or other purposes agreed in RAN1#103e.

In RAN1#103e, some MPE-related reporting contents for MPE mitigation are proposed, e.g., beam/panel-specific P-MPR, virtual PHR considering MPE effect, or estimated UL RSRP considering MPE effect. In our view, since MPE issue can be handled by UE selection on UL beam(s)/panel(s), as shown in Figure 8, reporting MPE-related content to NW is not necessary. If MPE-related reporting content is needed, it means MPE issue has to be handled by NW instead of UE. For example, a UE can select multiple UL beams/panels without awareness of MPE issue, where some beams/ 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 UL 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 for the UE, according to the MPE-related reporting content(s) from the UE or a set of serving UEs. In this case, Since more candidate beams with or without MPE effect are provided to NW, NW may has more flexibility to schedule UL on a proper beam by considering overall system performance. 
Observation 5: MPE-related reporting content is needed only when MPE issue has to be handled by NW instead of UE.

For UL beam selection, we see UL receive power taking MPE effect into account would be the best metric, where UL receive power can be calculated as follows:
,
where  indicates UL receive power of a beam pair link,  indicates pathloss of the beam pair link, and  denotes UE transmit power. According to current specification for UL power control,  can be calculated as follows:
,
where ,  , ,  , and  can be determined by NW configuration or command,  denotes the number of RBs for an UL transmission scheduled by NW, and  is the subcarrier spacing scaling factor,  shall be beam/panel-specific determined by UE according to RAN4 specification, and  is also determined by UE according to receive power of pathloss RS and higher-layer filtered RSRP of pathloss RS. By assuming the pathloss estimated by UE is equivalent to the exact one for simplification, UL receive power can be represented as follows:

According to the above equation, to determined UL receive power for a beam pair link, expect  and   , most of the parameters are already known NW. Regarding, it can be calculated based on the L1-RSRP of the beam pair link as well as the transmit power of the SSB/CSI-RS corresponding to the beam pair link. Then, UL receive power can be obtained:

As we can see, for a beam pair link, if UE can report beam/panel-specific P-MPR and corresponding L1-RSRP to NW, NW is able to estimate UL receive power of the beam pair link.
Observation 6: NW is able to estimate UL receive power of a beam pair link based on UE reporting of P-MPR and L1-RSRP corresponding to the beam pair link.  

According to the above observation, in addition to UE reporting of SSBRI(s)/CRI(s) to indicate possible UL beam pair link(s) to NW, reporting of P-MPR(s) and L1-RSRP(s) for the possible UL beam pair link(s) could be beneficial for NW to perform beam selection based on UL receive power taking MPE effect into account, if UE doesn't do anything for MPE mitigation, as shown in Figure 9. Since Rel-15 L1-RSRP reporting already provides SSBRI(s)/ CRI(s) and L1-RSRP(s) for the possible UL beam pair link(s), it is natural to enhance Rel-15 beam reporting to provide beam-specific P-MPR.
Proposal 38: If needed, support enhancing L1-RSRP reporting to indicate beam-specific P-MPR as an additional reporting content.
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Figure 9. Enhanced L1-RSRP reporting for MPE mitigation when UE activates/selects two panels for both DL and UL
Beam update latency reduction
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 10. 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 7: SSB periodicity mostly dominates the beam update latency
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 11, since UE-initiated TCI activation/deactivation merges beam report and TCI activation into one step, the beam update latency can be reduced.
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Figure 11. Enhanced beam management procedure based on UE-initiated TCI activation/deactivation
[bookmark: _Ref54018103][bookmark: _Toc54367029]
Proposal 39: Support UE-initiated TCI activation/deactivation for beam update latency reduction.

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:

Unified TCI framework
Proposal 1: 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 2: 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 3: 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 4: Optionally, the common QCL information determined from Rel-17 unified TCI can also apply to CSI-RS resource(s) configured for CSI acquisition.
Proposal 5: An RRC parameter can be configured to a resource set to indicate whether to apply the common QCL information or a common spatial TX filter to CSI-RS or SRS resource(s) in the resource set.
Proposal 6: For a CSI-RS resource not applying the common QCL information, NW can associate a TCI state with the CSI-RS resource based on a TCI state pool configured for join or separate TCI update.
Proposal 7: Support a single TCI state pool shared with a set of configured CCs
· A CC ID for QCL-TypeA RS is absent in a TCI state of the TCI state pool and the CC ID for QCL-TypeA RS is determined according to a target CC
· The TCI state pool can be configured on a reference CC in the set of configured CCs
Proposal 8: A joint DL/UL TCI state should include all parameters included in a Rel-15/16 DL TCI state, where QCL TypeA and TypeD are supported in a joint DL/UL TCI state as well.
Proposal 9: A source RS with QCL TypeD in a joint DL/UL TCI sate provides a reference for determining a common UL TX spatial filter.
Proposal 10: For separate DL/UL TCI update, both DL TCI state and UL TCI state are taken from a same TCI state pool, and the TCI state pool is used for joint DL/UL TCI update as well.
Proposal 11: When Rel-17 unified TCI is enabled, UL power control parameters (P0, alpha and/or closed loop index) are provided for PUSCH/SRS/PUCCH transmission as in Rel-15/16.
Proposal 12: When Rel-17 unified TCI is enabled, support pathloss RS update along with TCI update for PUSCH/PUCCH transmission.
Proposal 13: When Rel-17 unified TCI is enabled, support pathloss RS update along with TCI update for a SRS resource set, if common spatial Tx filter is applied to the SRS resource set.
Proposal 14: MAC-CE for TCI state activation can be used for providing linkage between active TCI state(s) and pathloss RS(s).
Proposal 15: If an active TCI state is not associated with a pathloss RS by MAC-CE, SSB or periodic CSI-RS in the active TCI state used for determining a common spatial Tx filter is used as a pathloss RS, if any.    

Inter-cell mobility enhancement
Proposal 16: Support TCI state update and activation for a TCI state direct or indirect associated with non-serving-cell RS(s) as a part of Rel-17 unified TCI framework.
Proposal 17: A non-serving-cell RS is an RS that is a non-serving-cell SSB or has a non-serving-cell SSB as a direct or indirect QCL source.
Proposal 18: 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:
· Fine-timing tracking on the active TCI states if UE has to assume multiple PSS/SSS sequences
· Fine-timing tracking on the active TCI states if timing difference between serving-cell RS and non-serving cell RS is large
· [bookmark: _GoBack]DL receptions or UL transmissions dynamically switched between the serving cell and the non-serving cell due to e.g., DCI scheduling
Proposal 19: To support UE reception or transmission with a TCI state associated with non-serving-cell RS(s), L1-RSRP measurement reporting has to be introduced for the non-serving-cell RS(s).
Signaling medium for unified TCI framework
Proposal 20: 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.   
Proposal 21: If an RRC parameter e.g., enableUnifiedTCI-r17 is configured, a codepoint of TCI field in DCI format 1_1/1_2 can be associated with one or two TCI states though an activation command:
· If no TCI codepoint is associated with two TCI states, the one TCI state associated with the TCI codepoint is used for joint DL/UL TCI update.
· If at least one TCI codepoint is associated with two TCI states, and the activation command associates one TCI state with the TCI codepoint, the TCI state is used for DL-only or UL-only TCI update according to an indication in the activation command.
· If at least one TCI codepoint is associated with two TCI states, and the activation command associates two TCI states with the TCI codepoint, one TCI state is used for DL TCI update and another is for UL TCI update.
Proposal 22: Support the used of DCI format 1_1/1_2 without scheduling a PDSCH reception, not indicating a SPS PDSCH release, and not indicating SCell dormancy to indicate TCI update.
· Reuse HARQ-ACK feedback in response to decoding a DCI format 1_1 that indicates a SPS PDSCH release or SCell dormancy as the acknowledgment in response to decoding of a DCI format 1_1/1_2 that indicates TCI update
· Define a validation rule to identify DCI format 1_1/1_2 indicates TCI update out of other purposes
Proposal 23: Introduce a TCI field in DCI format 0_1/0_2 for joint or separate DL/UL TCI update, where the interpretation of the TCI field in DCI format 1_1/1_2 for joint or separate DL/UL TCI update can be reused for interpreting the TCI field in DCI format 0_1/0_2.
Proposal 24: 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 a DCI format 0_1/0_2.
Proposal 25: In order to avoid unnecessary complications to fallback DCI operation and backward compatibility, not support DCI format 0_0/1_0 for Rel-17 unified TCI update.
Proposal 26: Not support introduction of a new DCI format dedicated for Rel-17 unified TCI update
Proposal 27: For application time of TCI update if a DCI with the joint or separate DL/UL TCI update is received by a UE, the UE shall apply the TCI state indicated by the DCI in the first slot that is at least X ms or Y symbols after the reception of the DCI (Alt1).
· Note that the application time of TCI update is needed only if the TCI state indicated by the DCI is not the one currently applied by the UE.   
Proposal 28: On Rel.17 DCI-based TCI update, the beam application time is RRC configured by the gNB based on a UE capability for the minimum value of beam application time (Alt1). 
· Some candidate values of existing UE capability beamSwitchTiming are reused for the UE capability e.g., 14/28/48 symbols.
· 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 active TCI states after corresponding activation command is applied. 
Proposal 29: 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 30: For common TCI state ID update across a set of configured CCs, UE should determines the first slot that UE can apply the new TCI state to the set of configured CCs based on a reference CC with the smallest SCS in the set of configured CC. 
· UE capability of the minimum beam application time should take the additional delay from that a DCI in a CC with a smaller SCS indicates TCI update for CC(s) with larger SCS(s) into account.
Proposal 31: Consider possible impact on beam application time if cross-carrier joint or separate DL/UL TCI update is supported.

Fast UL panel selection and MPE mitigation 
Proposal 32: To support UE-initiated UL panel selection/activation in Rel-17, UE should indicate feasible beam pair link(s) for UL transmission if UL panel(s) is not the same set of DL panel(s).
Proposal 33: Indication of UL panel selection/activation to NW is not needed at least for the support of UE-initiated UL panel selection/activation in Rel-17. 
Proposal 34: UL-specific beam reporting is not needed since UL panel(s) shall be a subset of DL panels(s), as agreed in RAN1#103e.
Proposal 35: Support enhancing L1-RSRP/SINR reporting to indicate feasible beam pair link(s) for UL transmission, e.g., additional bit(s) to indicate whether SSBRI(s)/CRI(s) in a beam report is feasible for UL transmission or not.
Proposal 36: NW-initiated panel selection/activation is not supported for Rel-17 MP-UE.
Observation 2: UE can initiate UL beam/panel selection to handle MPE issue by UE implementation and can be transparent to NW.
Observation 3: Specification support is needed for indicating UE selection on UL beam(s)/panel(s) with considering MPE impact if UL beam(s)/panel(s) is not the same set of DL beam(s)/panel(s).
Observation 4: Indication of alternative UE panel(s) or TX beam(s) for UL transmission cannot achieve any functionality to support UE-initiated UL panel selection/activation, and not align with the agreed MP-UE assumption that UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s).
Proposal 37: Support enhancing L1-RSRP/SINR reporting to indicate feasible UL beam pair(s) for MPE mitigation, or other purposes agreed in RAN1#103e.
Observation 5: MPE-related reporting content is needed only when MPE issue has to be handled by NW instead of UE.
Observation 6: NW is able to estimate UL receive power of a beam pair link based on UE reporting of P-MPR and L1-RSRP corresponding to the beam pair link.  
Proposal 38: If needed, support enhancing L1-RSRP reporting to indicate beam-specific P-MPR as an additional reporting content.

Beam update latency reduction
Observation 7: SSB periodicity mostly dominates the beam update latency
Proposal 39: Support UE-initiated TCI activation/deactivation for beam update latency reduction.
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