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Enhancement of multi-beam operation is an important part of R17 feMIMO WI [1]. Discussion on multi-beam operation has been ongoing since RAN1#102e [2][3][4][5][6]. In this contribution, we present our opinion on unified TCI framework, dynamic TCI update, L1/L2-centric inter-cell mobility, UE panel indication, MPE, and latency and overhead reduction. 
Discussion
Unified TCI framework 
The following agreements are reached in RAN1#105e regarding unified TCI framework and dynamic TCI update:
	Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1

On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
· If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)

On Rel.17 unified TCI framework, 
· Any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)

On Rel.17 unified TCI framework, discuss and decide by RAN1#106-e (August 2021)
· Whether each of the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs
· Whether some SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC

On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), discuss and down-select by RAN1#106-e (August 2021) between the following two alternatives:
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state 
· Alt2. Rel-17 TCI state update signaling/configuration mechanism(s) are used, e.g. with Rel-17 MAC-CE/DCI-based beam indication for Rel-17 joint/separate TCI
Note: The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
Note: For some channels/signals, only one of the above two alternatives may apply (to be discussed).

On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic

On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· (Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states
· FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state

Working Assumption 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP /CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC




· On the value of M and N

The source reference signals in M TCIs provide common QCL information at least for UE-dedicated reception on PDSCH and all or subset of CORESETs in a CC, and the source reference signals in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC. To support multiple DL beams and UL beams for PDSCH/PUCH, M>1 and N>1 are required. M>1 and N>1 are also required to support both intra-cell and inter-cell multi-DCI based multi-TRP transmission. The maximal values of M and N can be part of UE capabilities. Similar to the case of M=N=1, a TCI codepoint can represent a DL TCI state, a UL TCI state, or a joint DL/UL state. We have the following proposals:

Proposal 1: Support M>1 and N>1. The maximal values of M and N are UE capabilities. 

Proposal 2: For M>1 and N>1, a TCI codepoint can represent a DL TCI state, a UL TCI state, or a joint DL/UL state.


· Apply R17 TCI framework to reference signals

It is beneficial for applying the DL TCI (or common DL/UL TCI) to DL RS in addition to PDSCH/PDCCH in terms of quickly updating the DL spatial information without additional signaling. The CSI-RS supported shall include CSI-RS resource for CSI acquisition and tracking. However, if it applies to all the DL RS (CSI-RS for CSI, CSI-RS for BM, TRS) simultaneously, the ability to fine tune the DL beam, for example in the P2 process of beam management, will be lost. It shall be selectively applied to a subset of CSI-RS resources to reduce the signaling overhead without losing the flexibility for fine-tuning. For UL TCI, the TCI state can be applied to SRS for beam management. For the same reason as DL TCI, it is necessary to signal the SRS resources the UL TCI state applies to. The situation for multi-TRP makes it even more necessary to identify which subset of CSI-RS a DL TCI applies to, since not all CSI-RS for CSI measurement are sent from a same TRP. From signaling point of view, it is convenient to divide the CSI-RS or SRS resources into several different subsets, where each subset shares the same DL or UL TCI states. The set of CSI-RS or SRS that a new TCI state applies to can be dynamically signaled.     
Proposal 3: R17 DL TCI state update can be applied to CSI-RS for CSI and TRS.
Proposal 4: R17 UL TCI state update can be applied to SRS resources.
Proposal 5: The subset of CSI-RS and SRS resources a new TCI applies is dynamically signaled. 

· Common TCI state across CCs

It was made into a working assumption in the last RAN1 meeting that common TCI state provides QCL information for DL dedicated PDSCH/PDCCH and UL spatial filter for UE dedicated PUSCH/PUCCH across a set of CCs/BWPs, where the TCI state pools can be either RRC configured in PDSCH configuration, or in a reference BWP/CC. The TCI state update in the reference BWP/CC leads to simultaneous TCI state update in multiple BWPs/CCs. A list of CC is required for simultaneous TCI state update. In R16, two lists, simultaneousTCI-UpdateList1/2-r16 and simultaenousSpatial-UpdatedList1/2-r16, are defined for simultaneous DL TCI update or UL transmission filter update respectively. We can either reuse the same CC lists or define new lists for updating the TCI states for all the BWPs in multiple CCs. For intra-band CA, all the CCs in a band can be part of the same list. For inter-band CA, different lists can be configured for different bands.  

Proposal 6: Confirm the working assumption for common TCI state  update across a set of CCs/BWPs.
Proposal 7: Configure CC lists for simultaneous TCI update across CCs, where CCs of intra-band CA belong to the same list, and CCs of inter-band CA belong to different lists.

· Beam misalignment

When a SRS is used for UL TCI state for PUSCH, the same RS cannot be reused as the path loss reference RS. In this case the DL RS serving as the TCI state of the SRS, such as a SSB or periodic CSI-RS, can be used as PL-RS. This is the case when the PL-RS for a TCI state is associated with the TCI state. When a separate periodic DL RS (CSI-RS or SSB) is configured for PL-RS, this PL-RS and the DL RS for UL TCI state may not be the same. R15/16 already handles the case where the PL-RS and DL-RS used for UL spatial relation are different, and it is up to UE to determine which RS to use for calculating UL TX power.  We consider beam misalignment occurs when the DL RS used as the reference for UL TCI and the separate PL-RS have different source QCL-TypeD SSB.  It was agreed in RAN1#105e meeting that whether to support beam misalignment is a UE capability, as this may require UE to track additional RSs. When the capability on misalignment is supported by the UE, how to compute the UL TX power can be left to the UE as in R15/16. When the capability on misalignment is not supported by the UE, it shall not expect the DL RS configured in the common TCI state to determine the UL TX spatial filter to have a different source QCL-D SSB as that for the PL-RS associated with the common TCI state.
Proposal 8: Beam misalignment means that the DL RS configured in the common TCI state to determine the UL TX spatial filter  could has different source QCL-D SSB from the PL-RS associated with the common TCI state.
Proposal 9: If a UE does not support beam misalignment, the DL RS configured in the common TCI state to determine the UL TX spatial filter should has a same source QCL-D SSB as that for the PL-RS associated with the common TCI state.

· UL power control parameters

In the last meeting, it was agreed that for the UL PC parameters (P0, alpha, closed loop index) for each of PUSCH or PUCCH can be associated with UL or joint TCI state paper BWP. For a PUSCH or PUCCH, only one setting can be associated with a TCI state at any given time. It was made a working agreement that for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings. This working assumption should be confirmed so that each activated UL or joint TCI state is associated with a PC parameter setting for PUSCH and PUCCH. 
Proposal 10: Confirm the WS that each activated UL or joint TCI state is associated with a PC parameter setting for PUSCH and PUCCH.

For SRS, the power control parameters including PL-RS can be associated with UL TCI state. This way the UL TCI state provides both the spatial relation and PL-RS for SRS. If the PL-RS for SRS is not determined by the indicated common TCI state, the setting of other power control parameters, including P0, alpha, closed loop index for SRS can be configured as in R15/16.
Proposal 11: If the PL-RS for SRS are not determined by the indicated common TCI state, the setting of (P0, alpha, closed loop index) for SRS is configured as Rel-15/16.

L1/L2-centric inter-cell mobility
The following agreement is achieved in RAN1#105e on L1/L2-centric inter-cell mobility:
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB

Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH




· On the type of measurement reference signals 
It has been agreed that SSB from non-serving cell can be used for L1-RSRP measurement during L1/L2 inter-cell mobility. We think CSI-RS for mobility transmitted from non-serving cell shall be used as well. CSI-RS resource for mobility is already used for L3 handover since R15, and since they are already transmitted by the neighboring cells, there is no reason not to use them for L1/L2 mobility measurement. Using CSI-RS for mobility also makes the transition between L1/2 mobility and L3 mobility seamless. They also have wider bandwidth and can be measured with higher accuracy than SSB. Periodic CSI-RS for tracking can also be used, as they provide stable signals for RSRP measurement. The definition of SS-RSRP in R16 can be reused as L1-RSRP for CSI-RS. 

Proposal 12: Use CSI-RS for mobility and CSI-RS for tracking associated with a non-serving cell for L1-RSRP measurement for L1/L2-centric inter-cell mobility.
Proposal 13: Use R16 SS-RSRP definition for L1-RSRP measurement of CSI-RS. 

· On the number of non-serving cells and reference signals for measurement and report 

The number of non-serving cells and reference signals from them configured for a UE for RSRP measurement and report is directly related to the UE processing capability and power consumption. To limit the power consumption, the number of non-serving cells and their reference signals shall be limited. Keep in mind this measurement and reporting for non-serving cell is performed on top of the measurement for the serving cell signals. In R16, a UE can be configured with up to 64 SSBs from the serving cell for measurement. It is reasonable to expect that this measurement overhead is at most doubled with the signals measured from non-serving cell. Considering that not all the SSBs (and CSI-RSs) from neighbor non-serving cells are directed towards the serving cell and need measurement, we think up to two non-serving cells can be configured with the total number of RSs between them configured for measurement up to 64. 
Proposal 14: Reference signals from up to two non-serving cells can be configured for measurement. Proposal 15: The total number of RSs from non-serving cells configured for L1-RSRP measurement is no more than 64.

Kmax is the maximal number of RS signals from non-serving cells that can be included in a CSI report. The same CSI report may contain L1-RSRP measurements of SSBs from the serving cells as well. The value of 4 has already been agreed, and we need to decide whether to support the value of 8 and 16. Given only 1 or 2 non-serving cells can be configured, and the RSs from these non-serving cells can be no more than 64, we think there is no need to support Kmax value more than 4. The number of K is a UE capability and should be configured in RRC.
Proposal 16: Do not support Kmax value of 8 and 16.
Proposal 17: Configure the value of K in RRC. 

· Event-driven CSI reporting

Measure and report of non-serving cell depends on the UE mobility. When the UE is at or near the center of its serving cell, the L1-RSRPs measured from non-serving cells are likely insignificant and are not reported. When the UE is in the overlapping area between the serving cell and a neighbor cell near the edge of the serving cell, it is more likely to report L1-RSRP of RSs sent from non-serving cell. To always reserve sufficient PUCCH resources for reporting measurements from both the serving cell and non-serving cells will be a waste of PUCCH resources. Event-based measurement reporting enables a UE to report L1-RSRP from non-serving cell using MAC-CE when the L1-RSRP exceeds a certain threshold. This is a good compromise between reducing the dedicated UL resources and reducing the report latency. 
Proposal 18: UE can report L1-RSRP of reference signals from non-serving cells using MAC-CE. 

Dynamic beam indication
The following agreements are reached in RAN1#105e regarding dynamic beam indication:
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 
· FFS: Whether inter-cell beam switching needs higher X/Y values than intra-cell
· FFS: Whether application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel without reverting previous RAN1 agreements

On Rel.17 unified TCI framework, for common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of configured CCs/BWPs
· The source RS determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for a target CC can be configured in the target CC or other CC
· For intra-band CA, the following configurations can be supported without additional QCL rules: 
· One source RS across CCs can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs 
· One source RS per CC can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, and the CC-specific source RSs are further associated with a same QCL-TypeD RS 
· “A set of configured CCs/BWPs” includes all the BWPs in the set of configured CCs 




· TCI applicability in DCI format 1_1/1_2

During RAN1#105e meeting, RAN1 has agreed to use DCI format 1_1/1_2 with DL assignment. RAN1#104bis-e meeting further saw the use DCI format 1_1/1_2 without DL assignment agreed for TCI indication. When the R16 DCI format 1_1/1_2 with DL assignment is used, the TCI indicated by the TCI field applies to the PDSCH scheduled. Additionally, the TCI can be applied to future PDSCH, PDCCH, PUSCH and PUCCH transmission. A question is how to tell the UE which channels or resources the TCI applies to. This issue is the same for DCI format 1_1/1_2 with and without DL assignment. To apply the signaled TCI to some, not all of the channels or signals requires additional signaling in the DCI format. A bitmap can be added to the DCI format 1_1 and 1_2 for this purpose. Groups of channels and resources always sharing the same (DL and/or UL) TCI may be defined by RRC or MAC-CE, and each group is represented by a single bit in the bit map to indicate whether the new TCI state applies to the group or not. When the DL TCI applies to user specific PDSCH and PDCCH, and the UL TCI applies to PUSCH and PUCCH, two bits are required to signal whether the TCI state applies to the DL channels, to the UL channels, or both DL and UL channels.
Proposal 19: Add a bitmap field to DCI format 1_1/1_2 with DL assignment to signal which channels and resources the TCI applies to.
· ACK for DCI format 1_1/1_2 with DL assignment
When DCI format 1_1/1_2 with DL assignment is used to update the TCI, gNB needs a positive acknowledgement from the UE before the new TCI state becomes effective. When a PDSCH is scheduled by the same DCI, while an ACK for the PDSCH is sent by the UE, this ACK is not the proper vehicle for the UE to inform the gNB it has received the DCI. First, the reliability of the PDCCH is much higher than the reliability of the PDSCH. If the ACK/NACK of the PDSCH is reused as the ACK/NACK of the PDCCH carrying the DCI, the will be many instances that the UE receives the DCI correctly but the PDSCH incorrectly, and the TCI state cannot be updated because of the NACK sent to the gNB. This leads to unnecessary retransmission of the TCI updating DCI. The extra delay caused by retransmission of DCI may lead to beam failure unnecessarily because the new TCI cannot be installed in time. This negates the key benefit of TCI updating mechanism with DCI. To improve the latency and reliability of TCI update using DCI, a dedicated bit in the HARQ-ACK codebook corresponding to the PDSCH shall be used as an explicit ACK/NACK for the DCI. Depending on the configuration of the HARQ-ACK codebook of the PDSCH, a bit can be made available for this by compressing the HARQ information bits of the PDSCH, or added to the existing HARQ information bit(s).  This also gives HARQ bit for DCI higher priority.
Proposal 20: Use a dedicated ACK/NACK bit in the HARQ-ACK codebook of the scheduled PDSCH as acknowledgement of the DCI.    

· Update TCI with MAC-CE
Per previous agreements, MAC-CE can be used to update the TCI for DL and UL TCIs. For UEs with beam correspondence, a single TCI may suffice for both DL and UL. When such a TCI is signaled in a MAC-CE, it may automatically apply to both DL and UL channels. For UE without beam correspondence, SRS used for beam management can be set as the spatialRelationInfo for SRS and PUCCH. In addition to TCI-state, UL-TCI-state, can be introduced for DCI based dynamic TX beam indication for PUSCH. MAC CE based UL-TCI-state activation for UE-specific PUSCH transmission can also be introduced similar with MAC CE based TCI state activation for UE-specific PDSCH transmission. However, both UL TCI state and DL TCI states are usually required to be updated at the same time. Simultaneous UL TCI state and DL TCI states updating by a same MAC CE can be introduced for overhead and latency reduction. For example, the TCI activation MAC-CE for PDCCH indicates the common DL TCI for both PDCCH and PDSCH, and the spatial relation activation MAC-CE for PUCCH indicates the common UL beam for both PUCCH and PUSCH. In the case of TCI update using L1-signals, MAC-CE can also be used to define groups of channel sharing the same TCI state to reduce the latency and overhead for L1 TCI updates.  
Proposal 21: Support simultaneous TCI state updating for UL and DL in a same MAC-CE.
Proposal 22: Consider combined MAC CE-DCI approach to reduce the latency and overhead for TCI updates.

UE panel information indication and updating

UE panel assumption has been agreed to make the design for multiple UE panels easier. UE can be equipped with multiple panels where one or more panels can be activated in a time. Multiple activated panels on UE side can bring spatial diversity, and UE needs to inform gNB for better scheduling. Explicit definition (panel definition) or implicit definition (antenna or resource groups) can be considered, giving the gNB different degrees of insight to the UE hardware implementation. The original UE panel configuration can be reported to gNB by UE’s capability report. Which panel the UE uses to receive in the DL is as important as which beam to use for reception. This adds another dimension to the signaling design and needs to be incorporated into CSI reporting. Similarly, the gNB also needs to signal to the UE which panel to use for PUSCH or SRS transmission. The status of UE panel also needs to be reported to the gNB. Depending on the UE battery/power saving status, UE may deactivate (power off) some panels to save power.
If gNB does not know the current panel status in UE side, it may schedule the UE with a beam corresponding to the deactivated panel, causing network resource waste and throughput reduction. The updating of UE’s activated panel information should be informed to gNB timely, and how to report the updating information timely need be determined. An explicit panel ID can be defined and is associated with a set of beams. The panel ID can be included in the UE report to facilitate panel selection. Based on the analysis above, we propose that:
Proposal 23: Use explicit panel ID for panel related state information reporting.

MPE mitigation
No progress was made regarding MPE mitigation in RAN1#105e meeting. Among Option 1A and 2A, our preference is 1A. Because only one panel can transmit at a time, power exposure is on a panel basis. When MPE event occur, it is necessary to switch to another panel for transmission. It is more efficient to report PHR on per-panel basis than per-beam basis. 
Proposal 24: Virtual PHR shall be reported on per panel basis for panel selection. 

Latency and overhead reduction 

	Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, focus study (including down-selection) and, if needed, specification effort on the following options:
· Group 1: Aim for at most one solution for Group 1 in Rel-17 to address issue 6
· Opt 1-A. UE-initiated beam selection/activation based on beam measurement and/or reporting (without beam indication or activation from NW)
· Opt 1-B. Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-C. Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Group 2: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-C: One-shot timing update for TCI state update




Overhead and latency reduction is a very important topic for the on multi-beam operation, and a lot of enhancements are specified in Rel-16. For example, a lot of new MAC CEs based updating/reconfiguration are designed to reduce the configuration overhead and latency such as MAC CE based spatial relation updating for aperiodic SRS and MAC CE based pathloss reference RS updating for PUSCH and SRS in Rel-16. Besides, simultaneously updating of TCI states and spatial relation for PDSCH/PDCCH and PUSCH/PUCCH/SRS for multiple cells by a MAC CE is also specified in Rel-16. For multi-beam operation, enhancement on overhead and latency reduction is still an important topic and should be discussed and studied in Rel-17. This is especially important for high mobility UEs such as UEs on high speed train. Therefore, those channels whose RRC configurations may be updated frequently should be discussed to see whether it can be updated by dynamic control signaling such as MAC CE. For example, for SRS resource set configured with the usage as ‘non-codebook’, an associated NZP CSI-RS can be configured for it. Besides, as we know that the spatial relation information of SRS resources in the SRS resource set configured with ‘non-codebook’ and the associated NZP CSI-RS for the SRS resource set should not be configured simultaneously. Consider the overhead of configuring associated NZP CSI-RS for the SRS resource set is smaller than the overhead of configuring the spatial relation information for each SRS resource in the SRS resource set, it’s better to configure an associated NZP CSI-RS for the SRS resource set while not configure spatial relation information for SRS resources in the set. However, the associated NZP CSI-RS can only be configured by RRC for the SRS resource set configured with ‘non-codebook’ whose updating has a large overhead consumption and a large latency especially for aperiodic SRS resource set. In order to reduce the overhead and latency of updating of associated NZP CSI-RS for SRS resource set configured with ‘non-codebook’, a MAC CE can be designed to indicate the associated NZP CSI-RS for the set. Therefore, we propose that:
Proposal 25: Introduce dynamic control signaling such as MAC CE to further reduce overhead and latency for RRC configuration.
Proposal 26: Use MAC CE to indicate the associated NZP CSI-RS for SRS resource set configured with ‘non-codebook’ in order to reduce the overhead and latency.

Conclusion
We have discussed unified TCI framework, dynamic TCI update using DCI and MAC-CE, L1/L2-centric inter-cell mobility, multi-panel UE, MPE, and further optimization of multi-beam operation for R17 FeMIMO. Our proposals are summarized as below:

Proposal 1: Support M>1 and N>1. The maximal values of M and N are UE capabilities. 

Proposal 2: For M>1 and N>1, a TCI codepoint can represent a DL TCI state, a UL TCI state, or a joint DL/UL state.
Proposal 3: R17 DL TCI state update can be applied to CSI-RS for CSI and TRS.
Proposal 4: R17 UL TCI state update can be applied to SRS resources.
Proposal 5: The subset of CSI-RS and SRS resources a new TCI applies is dynamically signaled. 
Proposal 6: Confirm the working assumption for common TCI state  update across a set of CCs/BWPs.
Proposal 7: Configure CC lists for simultaneous TCI update across CCs, where CCs of intra-band CA belong to the same list, and CCs of inter-band CA belong to different lists.
Proposal 8: Beam misalignment means that the DL RS configured in the common TCI state to determine the UL TX spatial filter  could has different source QCL-D SSB from the PL-RS associated with the common TCI state.
Proposal 9: If a UE does not support beam misalignment, the DL RS configured in the common TCI state to determine the UL TX spatial filter should has a same source QCL-D SSB as that for the PL-RS associated with the common TCI state.
Proposal 10: Confirm the WS that each activated UL or joint TCI state is associated with a PC parameter setting for PUSCH and PUCCH.
Proposal 11: If the PL-RS for SRS are not determined by the indicated common TCI state, the setting of (P0, alpha, closed loop index) for SRS is configured as Rel-15/16.
Proposal 12: Use CSI-RS for mobility and CSI-RS for tracking associated with a non-serving cell for L1-RSRP measurement for L1/L2-centric inter-cell mobility.
Proposal 13: Use R16 SS-RSRP definition for L1-RSRP measurement of CSI-RS. 
Proposal 14: Reference signals from up to two non-serving cells can be configured for measurement. Proposal 15: The total number of RSs from non-serving cells configured for L1-RSRP measurement is no more than 64.
Proposal 16: Do not support Kmax value of 8 and 16.
Proposal 17: Configure the value of K in RRC. 
Proposal 18: UE can report L1-RSRP of reference signals from non-serving cells using MAC-CE. 
Proposal 19: Add a bitmap field to DCI format 1_1/1_2 with DL assignment to signal which channels and resources the TCI applies to.
Proposal 20: Use a dedicated ACK/NACK bit in the HARQ-ACK codebook of the scheduled PDSCH as acknowledgement of the DCI.    
Proposal 21: Support simultaneous TCI state updating for UL and DL in a same MAC-CE.
Proposal 22: Consider combined MAC CE-DCI approach to reduce the latency and overhead for TCI updates.
Proposal 23: Use explicit panel ID for panel related state information reporting.
Proposal 24: Virtual PHR shall be reported on per panel basis for panel selection. 
Proposal 25: Introduce dynamic control signaling such as MAC CE to further reduce overhead and latency for RRC configuration.
Proposal 26: Use MAC CE to indicate the associated NZP CSI-RS for SRS resource set configured with ‘non-codebook’ in order to reduce the overhead and latency.
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