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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The 3GPP Rel-17 NR MIMO WID includes enhancement on multi-beam operation. In RAN1 #102-e ~ #106bis-e meetings, some issues were discussed, including unified TCI framework, L1/L2-centric inter-cell beam management, MPUE and MPE, etc. [1~7] In this contribution, we share our views on the remaining issues for Rel-17 NR FeMIMO on multi-beam operations. 

 Unified TCI framework
TCI state for non-UE-dedicated reception
	Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, 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: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam management, the supported 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) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· 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. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, for DL or UL channels/signals that can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update):
· For DL: A non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI (per previous agreements) sharing the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
· For UL: An SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission (per previous agreements) sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
Note: The details of this RRC configuration (e.g. whether via a new RRC parameter or other means) is up to RAN2. This does not imply that a new RRC parameter(s) is necessary from RAN1 point of view.
FFS: Relevant UE capability to be discussed under UE feature agenda item.



In RAN1 #106-e meeting, it is already agreed that for intra-cell beam indication 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 can be applied to the DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH, where the application of same indicated Rel-17 TCI state is configured via RRC according to the agreements of RAN1 #106bis-e meeting. For beam indication of inter-cell beam management, in the RAN1#106-e meeting it had been agreed that the TCI states associated with a PCI different from the serving cell can only be applied for UE-dedicated channels/RSs, and the QCL assumption of other channels/RSs, e.g. non-UE-dedicated channels/RSs, can be configured and updated by the legacy (Rel-15/16) TCI state update signaling/configuration mechanism.  In our understanding, non-UE-dedicated channels include the PDCCH on the   CORESETs associated with type 0/0A/1/2 CSS set and the scheduled PDSCH by the PDCCH, where the non-UE-dedicated CORESET is mainly used to transmit common information, such as SIB, MIB and paging information. 

· The non-UE-dedicated channels include the PDCCH on the CORESETs associated with type 0/0A/1/2 CSS set and the scheduled PDSCH by the PDCCH.
Similar to the non-UE-dedicated PDSCH, we prefer that the UL channels associated with the non-UE-dedicated reception on CORESET(s) should also apply the same Rel-17 TCI state. There is no clear definition of ‘non-UE-dedicated PUCCH’ and ‘non-UE-dedicated PUSCH’ in spec. For Rel-17 beam indication, ‘non-UE-dedicated PUCCH’ and ‘non-UE-dedicated PUSCH’ can be replaced by PUCCH triggered and PUSCH scheduled/activated by non-UE-dedicated CORESET.

The same TCI state is applied to non-UE-dedicated CORESET and the associated UL channels including PUSCH scheduled/activated and PUCCH triggered by non-UE-dedicated CORESET.
· For intra-cell beam indication, PUCCH and PUSCH associated with non-UE-dedicated CORESET 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.

TCI state pool and unified TCI design
	Conclusion 
On Rel.17 unified TCI framework, in case of separate DL/UL TCI, it is up to RAN2 whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI
· Note: By previous agreements, DL TCI shares the same TCI state pool as joint DL/UL TCI

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8
· Further discuss and finalize in RAN1#106bis-e: the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s))

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC
· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI



According to the conclusion of RAN1 #106bis-e meeting, in case of separate DL/UL TCI, it is up to RAN2 whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI. But DL TCI shares the same TCI state pool as joint DL/UL TCI.
If separate UL TCI share the same TCI state pool as joint TCI, joint TCI or separate DL/UL TCI are configured by RRC but a shared TCI state pool is used for beam indication. When joint TCI is configured, the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC according to RAN1 #106bis-e agreements. When separate TCI is configured, the joint TCI state pool including up to 128 TCI states is reused. We think it is not necessary to distinguish between the largest number of configured separate DL DCI states and the largest number of configured separate UL DCI states in a shared pool, i.e. the TCI state type is not required, e.g. DL only, UL only, DL+UL or joint. Actually, DL TCI state and UL TCI state can be activated and indicated based on network implementation from a Rel-17 TCI state pool including up to 128 configured TCI states. The TCI state with SRS used as spatial source RS is activated or indicated by gNB as UL TCI state.
If UL TCI uses a separate TCI state pool from joint TCI, the largest number of configured separate UL TCI states in separate UL TCI state pool can be different from that in joint TCI state pool. When separate TCI is configured, DL TCI state and UL state TCI state can be activated and indicated from two different pools. Thus, TCI state type in TCI state pool is also not required.

· It is not necessary to include TCI state type (to indicate the target is for DL or UL) in Rel-17 TCI state signaling, no matter whether UL TCI shares the same TCI state pool as joint DL/UL TCI or not.

	Agreement
On Rel.17 unified TCI framework, 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
· Aperiodic CSI-RS resources for CSI
· FFS: Discuss if further restriction or further case is necessary
· Aperiodic CSI-RS resources for BM 
· FFS: Discuss if further restriction or further case is necessary
· FFS: Other CSI-RS time-domain behaviors and/or restriction(s)

Agreement
On Rel.17 unified TCI framework:
· Aperiodic 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 
· FFS: Discuss if/which restriction is necessary, e.g. only for aperiodic, apply to all resources in a set
· Note: This doesn’t imply that all time-domain behaviors are automatically supported

Agreement
The following working assumption is confirmed with revision in RED.
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), Rel-17 mechanism(s) which reuse the Rel-15/16 TCI state update signaling/configuration design(s) are used to update/configure such DL RS(s) with Rel-17 TCI state(s).
· Applies for both intra-cell and inter-cell beam indication

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, for DL or UL channels/signals that can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update):
· For DL: A non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI (per previous agreements) sharing the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
· For UL: An SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission (per previous agreements) sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
Note: The details of this RRC configuration (e.g. whether via a new RRC parameter or other means) is up to RAN2. This does not imply that a new RRC parameter(s) is necessary from RAN1 point of view.
FFS: Relevant UE capability to be discussed under UE feature agenda item.



In RAN1 #106bis-e meeting, the application of same Rel-17 TCI state as UE-dedicated reception on PDCCH/PDSCH or dynamic-grant/configured grant based PUSCH, all of dedicated PUCCH resources for DL or UL channels/signals is configured via RRC, where the DL channels/signals include non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI, the UL channels/signals include SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission.
Generally, P-/SP-CSI-RS is configured as QCL source of other signal, so P-/SP-CSI-RS does not need to be configured via RRC to 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. Similarly, P-/SP-SRS for BM does not need to be configured via RRC to share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources. The Rel-17 TCI state for these periodic or semi-persistent RS is configured/updated by reusing legacy TCI state update signaling/configuration design.

· P-/SP-CSI-RS does not need to be configured via RRC to 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.
· P-/SP-SRS does not need to be configured via RRC to share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources.
The application of same indicated Rel-17 TCI state for aperiodic CSI-RS and aperiodic SRS can be flexibly configured by gNB per resource set. For aperiodic CSI-RS, when the triggering offset is smaller than the threshold beamSwitchTiming, the legacy rule for default QCL assumption of aperiodic CSI-RS can be reused, i.e. the QCL assumption of aperiodic CSI-RS follows the QCL assumption of PDSCH with indicated beam, P-/SP-CSI-RS, aperiodic CSI-RS with indicated beam, or lowest CORESET. If there are no other DL signal and CORESET, the joint TCI state or separate DL TCI state corresponding to the lowest TCI codepoint is used. 
In default QCL rule mentioned above, 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 can be applied for aperiodic CSI-RS for BM and for CSI when the triggering offset is smaller than the threshold beamSwitchTiming except for the case that the other DL signal in the same symbols at the aperiodic CSI-RS is P-/SP-CSI-RS, or is non-UE-dedicated reception on PDCCH and the associated PDSCH or aperiodic CSI-RS which can be configured to not share same TCI state as UE-dedicated reception. The QCL assumption of aperiodic CSI-RS follows the QCL assumption of these other DL signals above like legacy default beam rule, where the QCL assumption may be different from the that of UE-dedicated reception.

· The application of same indicated Rel-17 TCI state for aperiodic CSI-RS and aperiodic SRS can be flexibly configured by gNB per resource set.

· When the triggering offset is smaller than the threshold beamSwitchTiming, aperiodic CSI-RS for BM and for CSI 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, except for the following other DL signals in the same symbols at the aperiodic CSI-RS: 
· P-/SP-CSI-RS
· Non-UE-dedicated reception on PDCCH and the associated PDSCH or aperiodic CSI-RS, which is configured to not share same TCI state as UE-dedicated reception.
In RAN1#106bis-e, it was agreed that an SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources is configured via RRC. If an SRS is configured as a valid target signal of a Rel-17 UL or, if applicable, joint TCI state, Rel-17 mechanism(s) which reuse the Rel-15/16 TCI state update signaling/configuration design(s) are used to update/configure such SRS with Rel-17 TCI state(s), where SRS that does not share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources in a CC.
In order to quickly update the beam indication for periodic SRS that is configured as valid target signal of Rel-17 TCI state but not to share the same TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources, MAC CE can be used to update QCL configuration for periodic SRS. 

· MAC CE can be used to update QCL configuration for periodic SRS that is valid target signal of Rel-17 TCI state but not to share the same Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources.
This method can also be extended to periodic CSI-RS.  For example, for periodic CSI-RS that is configured not to share the same indicated Rel-17 TCI state as UE-dedicated reception, MAC CE also can be used to update QCL configuration containing QCL RS source(s) and QCL type(s).
For each aperiodic CSI-RS resource in a CSI-RS resource set associated with each CSI triggering state, the UE is indicated the quasi co-location configuration of quasi co-location RS source(s) and quasi co-location type(s) through higher layer signaling of qcl-info which contains a list of references to TCI-State's for the aperiodic CSI-RS resources associated with the CSI triggering state. Similar to SP-CSI-RS resource set activation/deactivation, a MAC CE can be used to update qcl-info for NZP-CSI-RS resources in higher layer parameter CSI-AperiodicTriggerState, where the usage of CSI-RS may be for beam management or CSI acquisition. 
[bookmark: _Hlk70071057]
· For periodic CSI-RS and aperiodic CSI-RS that is valid target signal of Rel-17 TCI state but not to share same TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, MAC CE can be used to update QCL assumption for the CSI-RS.

Power control parameters
	Agreement
On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
· Any other case, it is defined as beam misalignment.

Agreement
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

Agreement
[bookmark: _Hlk84321878]On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation, already assumed periodic) is either a periodic CSI-RS or an SSB. When a periodic CSI-RS is used as a PL-RS,
· Opt2. Both 1- and 2-port (reusing Rel-16 UE capability signalling) periodic CSI-RS are supported for PL-RS



In RAN1#106-e meeting, beam alignment is defined as the event that the PLRS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. It is not necessary to define a too complicated rule for beam alignment if the PLRS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical especially considering there is no RAN1 specification impact for this. These cases can be discussed in UE feature and considered as beam misalignment.  Otherwise, RAN4 could find out the best way for dealing with this. If UE does not support beam misalignment, or UE supports beam misalignment but PLRS is same with the DL source RS in TCI state, PLRS configuration can be absent and the DL source RS can be used for pathloss estimation. 

· There is no RAN1 spec impact for the other cases of beam alignment definition which should be discussed in RAN4.

· If UE does not support beam misalignment between the DL source RS in the UL or (if applicable) joint TCI state and the PLRS, the periodic DL source RS in TCI state is used for PL estimation.
The maximum number of maintained PLRS by UE depends on the maximum number of activated UL TCI state or (if applicable) joint TCI state. The existing restriction on the number of PLRS, i.e. the UE does not expect to simultaneously maintain more than four path-loss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions, will limit the number of activated TCI states, if QCL-TypeD source RS in TCI state is used as PLRS. Moreover, the unified beam operation is conducted per band rather than per CC. In Rel-17, UE capability for maximum number of active PLRS across CCs per band can be reported. And a UE can simultaneously maintain more than four path-loss estimates per CC but no more than the maximum number per band based on UE capability. 

· UE can simultaneously maintain more than four path-loss estimates per CC but no more than the maximum number per band based on UE capability.

	Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· If not associated, the setting(s) of (P0, alpha, closed loop index) for SRS per BWP is independent of the UL or (if applicable) joint TCI states
· This is only applicable for SRS sets using Rel-17 TCI state to determine their spatial relation.
· FFS: Whether more than one parameter sets can be configured, e.g. for different traffics

Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC 
· FFS: MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI state
· Above is applicable for eMBB
· FFS: Details on power control setting for URLLC



According to the agreements of RAN1 #106bis-e meeting, for Rel-17 UL PC parameter setting, gNB can configure the association between multiple settings and the UL or (if applicable) joint TCI state by RRC, where one individual setting associated with each of the PUSCH, PUCCH and/or SRS. The settings do not need to be dynamically associated with TCI state. The setting is used when the associated UL or (if applicable) joint TCI state is activated by MAC CE.
It is not necessary to update the closed loop index associated with UL or (if applicable) joint TCI state based on MAC CE. In Rel-15/Rel-16, the spatial relation and PC parameters of PUSCH is determined by SRI without expanding the number of closed loop index and without dynamic update of closed loop index for the SRI-PUSCH-PowerControl that is mapped by a SRI for adequate performance. Even in case of mTRP, when gNB dynamically schedules PUSCH transmission to single TRP or multiple TRPs, for power control of PUSCH two close loop indexes are for two TRPs without any update on the closed loop index. Thus, there is no motivation to introduce MAC CE based update for the close loop index associated with UL or joint TCI state.

· Do not support MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI state.
For the setting configuration, different setting lists can be configured for PUCCH, PUSCH and SRS, the TCI state ID is associated with different settings from the lists. When gNB indicates a TCI state ID by DCI, the common beam is applied to PUCCH, PUSCH and SRS, but different PC parameter settings associated with this indicated TCI state ID are used for PUCCH, PUSCH and SRS respectively. If the association is not configured by RRC, a default setting or indicated setting from the setting list can be used.

· If the association is not configured by RRC, a default setting from the setting list can be used.
In general, PC parameters required by eMBB and URLLC are different, which can be achieved by SRI field and open-loop power control parameter set indication field in DCI format. For example, additional P0 list is configured, and UE determines P0 or additional P0 based on the value of SRI field and OLPC field for eMBB and URLLC.
In Rel-17 unified TCI framework, the similar scheme can be reused for PC parameter setting determination, where SRI is replaced with TCI state ID to determine PC parameters. For example, a TCI state ID is associated with two settings from different lists for eMBB and URLLC, where the additional setting just includes P0 and other parameters are only configured in one setting. Based on the value of TCI state ID and the open-loop power control parameter set indication field in beam indication DCI, PC parameters from the settings associated with the TCI state ID can be applied for specific service.

· UL PC parameter settings from different setting lists including additional P0 list are associated with an UL or (if applicable) joint TCI state for different services.
· TCI state ID and OLPC are used to determine PC parameters.
For intra-cell beam indication, PUCCH and PUSCH associated with non-UE-dedicated CORESET 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. If the non-UE-dedicated CORESET is configured to not share the same TCI state as UE-dedicated PDCCH/PDSCH via RRC, the indicated Rel-17 TCI state for a non-UE-dedicated CORESET by Rel-15/Rel-16 signaling is applied to these PUCCH and PUSCH. Furthermore, the Rel-17 power control mechanism also can be reused for the PUCCH/PUSCH associated with non-UE-dedicated CORESET. If PC setting is not associated with the indicated Rel-17 TCI state for a non-UE-dedicated CORESET, for each PUCCH and PUSCH, the setting per channel is configured/updated and independent of the TCI state.
 
· Clarify that Rel-17 power control mechanism is applied to the PUCCH and PUSCH associated with a non-UE-dedicated CORESET, where the PUCCH and PUSCH share the same indicated Rel-17 TCI state with the non-UE-dedicated CORESET.
In Rel-15/Rel-16, PC parameters configured in SRS resource set are applied to all SRS resources in set. In Rel-17 unified TCI framework, when SRS is configured to use the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources via RRC, the spatial relation of SRS resource is absent and PC parameters of all SRS resource in set are determined based on the indicated Rel-17 TCI state.
When SRS is configured to not use the indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources via RRC, Rel-17 TCI state should be configured for each SRS resource, the UE expects that the same PC parameters are associated with the configured Rel-17 TCI states for SRS resources in a resource set. When the TCI state is updated by MAC CE, where SRS resource set ID and spatial relation RS ID for each SRS resources are included in MAC CE, the spatial relation RS ID is replaced with TCI state ID. The UE expects the PC parameters of all SRS resources with updated TCI state in set to be same.

· In Rel-17 TCI framework, the UE expects same PC parameters for all SRS resources in a SRS resource set including the following cases:
· When SRS is configured to use the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources via RRC, same PC parameters of all SRS resource in set are determined based on the indicated Rel-17 TCI state.
· When SRS is configured to not use the indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources via RRC, the same PC parameters are associated with the configured Rel-17 TCI states by RRC or with the updated Rel-17 TCI state by MAC CE for all SRS resources in a SRS resource set.

CA case
	Agreement
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 

Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
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 (i.e. bwp-Id or 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

Agreement
On Rel.17 unified TCI framework, regarding the common TCI state ID update and activation for CA, 
· The details on how the PDSCH configuration (for each of those CCs/BWPs) contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC are up to RAN2

Agreement
On Rel.17 unified TCI framework, remove the brackets and clarify as indicated in red from the following previous agreement:
	On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· …
· Just as Rel.16, the source RS in the Rel-17 TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
…






In RAN1 #103-e meeting, CA case is considered in Rel-17 unified TCI framework. The joint/separate TCI state ID update and activation is supported to provide common QCL information and/or common UL Tx spatial filter(s) across a set of configured CCs. Although better flexibility can be achieved by configuring TCI state pool per individual CC, considering the overhead reduction and the similarity of the beam link propagation characteristics on multi-CC in CA case, a set of configured CCs can share a single TCI state pool. 
In RAN1#106-e meeting, TCI state pool is configured by RRC in PDSCH-Config for reference CC/BWP, and the CC/BWP where the TCI state pool is absent can apply the TCI state pool in reference CC/BWP. For configuration in CA case, multiple CC lists are allowed to be configured, similar to Rel-16 higher layer parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2. However, only one reference CC is in a configured CC list. 

· There is only one reference CC in a set of configured CCs, where the reference CC is configured with common TCI state pool.
RAN1#105-e meeting supports that the source RS determined from the indicated common TCI state ID can be one source RS across CCs or CC-specific source RS. For Rel-17 power control, a PLRS is either included in or associated with UL TCI state or (if applicable) joint TCI state, and the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state. For CA case, similarly to common TCI state update across CCs, a common PLRS ID and setting ID can be determined by the indicated common TCI state ID to provide power control parameters for a set of configured CCs/BWPs. 
From the common PLRS ID one PLRS across CCs or CC-specific PLRS can be configured to maintain pathloss estimation for each CC in a set of configured CCs. In case of beam alignment, the PLRS for each CC is the spatial relation RS determined from the indicated common TCI state ID. But in case of beam mis-alignment, the determination of PLRS for each CC can follow the spatial relation RS, e.g. both PLRS and spatial relation RS are across CCs or CC-specific. For PC setting (P0, alpha, close loop index), it is also necessary to clarify whether the setting for each CC is across CCs or CC-specific. 

· Clarify whether the PLRS and power control setting are shared across CCs or CC-specific when the TCI state is shared across the band. 
TCI state indication signaling 
	Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· In addition, use the following DCI fields as the fields are being used in Rel-16:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)   
· The remaining unused DCI fields and codepoints are reserved in R17
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional
· FFS: How to handle the case when there is only UL data
· FFS: The case for UE being indicated with separate UL TCI in DCI format 1_1/1_2 with DL assignment
· FFS: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied 
· Support of this feature is UE optional
· The “lowest codepoint” function can be configured on or off.
· FFS: Interaction with the DCI based beam update if needed, whether/how to support the case with M or N > 1 if supported
· Note: This agreement on DCI beam indication design is not to be used to be against the support of the cases of M/N>1. The support of M/N>1 will be separately discussed and not dependent on the decision here.



For MAC CE based TCI state indication, if only one TCI codepoint is activated by MAC CE, the TCI state(s) mapping the TCI codepoint is/are directly used as the joint/separate TCI state. Before the beam indication DCI, when more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint can be applied to reduce an additional PDCCH. If the TCI state indicated by DCI is always used, between the MAC CE and new DCI, the UE needs to track all activated TCI states and the latency would be largely increased. 

· When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied until the TCI state is indicated by DCI.

	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The Y symbols are configured by the gNB based on UE capability, which is also reported in units of symbols.
· FFS whether Y is configured per BWP, per CC or per band or per SCS, or independent of BWP/CC/SCS
· Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted

Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors



For Rel-17 unified TCI framework on DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication. According to RAN1#106bis-e meeting, the Y symbols are configured by gNB and depend on SCS of target BWPs. The Y values can be configured per BWP, where each Y value corresponds to a target BWP. For CA case, to align the timeline of beam application time across CCs, dependent on which CC/BWP is used to determine the application time of beam indication, the corresponding Y value is selected, i.e. the Y value corresponding to the target BWP with smallest SCS.

· The Y value is configured per BWP.  Dependent on which CC/BWP is used to determine the application time of beam indication, the corresponding Y value is selected.  
In case of CA, for a single common BAT, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. However, if the CC carrying the ACK of the beam indication and target CCs belong to different TAGs, it is necessary to clarify how to determine the beam application time of each CC. 


Beam application time considering different TAGs for the CC carrying ACK of beam indication and target CCs 
For example, when the CC carrying the ACK of the beam indication belong to TAG1 in FR1, target CC(s) belong to TAG2 in FR2, the starting point of Y symbols on target CC with smallest SCS should be mapped from the last symbol of the ACK of beam indication on the CC carrying the ACK of the beam indication considering the TA value of TAG1 and TAG2. If target CCs applying beam indication belong to different TAG, the CC with smallest SCS in each TAG can be used as the reference to determine the beam application time for all target CCs belonging to this TAG.

· For determination of beam application time, clarify whether TA (time advance) is taken into account when determining the starting time, i.e., the last symbol of the PUCCH carrying the ACK of the beam indication.
· For the case when PUCCH is FR1 and beam application time is in FR2 where two TAGs are applied separately for FR1 and FR2, clarify whether the time of last symbol of PUCCH is determined in FR1 first and then map the time to the applied CCs. Counting of Y symbols are conducted on the CCs where the beam is applied.

BFR for unified TCI framework
In order to recovery beam pair link quickly, similar to Rel-15/Rel-16, BFR procedure can be configured for Rel-17 unified TCI framework, which is dominated by beam failure detection, candidate beam detection, beam failure request transmission, beam failure response reception and beam reset. 
For beam failure detection, explicit BFD RS configuration mechanism in Rel-15/Rel-16 can be reused, i.e. the gNB configures BFD RSs by RRC without dynamic update to monitor PDCCH beams. If dynamic beam tracking is expected, Rel-15/Rel-16 implicit BFD RS also can be reused, where the source RS in indicated Rel-17 TCI state is for beam failure detection. According to RAN1#106bis-e agreements, when a non-UE dedicated PDCCH associated with the serving cell PCI is configured to not use the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH via RRC, to follow the definition of beam failure event, an explicit BFD RS QCL-ed with the non-UE-dedicated PDCCH or source RS in the indicated TCI state for the non-UE-dedicated PDCCH also needs to be detected.

· Reuse Rel-15/Rel-16 explicit BFD RS configuration mechanism. 
· The beam failure detection is for all PDCCH beams, no matter whether the same TCI state as UE-dedicated reception on PDSCH/PDCCH is used for non-UE-dedicated CORESET.
When beam failure event is declared, BFRQ is transmitted to inform gNB of new beam. If joint TCI is configured by RRC, the UL beam cannot be used for BFRQ transmission due to joint beam failure. For PCell BFR, RACH procedure is used for BFRQ transmission, response on CORESET-BFR is transmitted by using new beam. For SCell BFR, BFRQ and BFRR can be transmitted on a cell without beam failure, e.g. on FR1 PCell BFR MAC CE via next available grant, and the PDCCH with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value.
For joint TCI, after X symbols from the BFRR, the new beam is used to replace old failed joint TCI state and applied for all UE-dedicated PDCCH/PDSCH, dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources, as well as other signals/channels configured to sharing such Rel-17 TCI state. But for separate TCI with only DL beam failure, so only the beam of DL channels/signals, i.e. UE-dedicated PDCCH/PDSCH and other signals/channels configured to sharing such Rel-17 TCI state, needs to be updated. Besides, a non-UE dedicated PDCCH and associated PDSCH also should use the new beam indicated by BFRQ.

· Reuse Rel-15/Rel-16 BFRQ and BFRR mechanism. 

· The new beam is not only used for UE-dedicated PDCCH/PDSCH and other signals/channels configured to sharing such Rel-17 TCI state, but also for non-UE dedicated PDCCH and associated PDSCH.
For CA case in Rel-17 unified TCI framework, a common TCI state is used for all target CCs in a configured CC list, where the common TCI state ID determines one source RS across CCs or CC-specific source RSs with a same QCL-TypeD RS to provide QCL-TypeD indication and to determine UL Tx spatial filter. For a configured CC list, it is enough to configure BFR on only one cell, e.g. on PCell or a SCell. When beam failure is declared on the cell, it can be considered that beam failure occurs on all cells in the configured CC list. Beam reset is required on all cells in the configured CC list by using new beam.

· In Rel-17 unified TCI framework, for CA case, BFR can be configured only on one cell in the configured CC list.
· New beam indicated by BFRQ is used for beam reset on all cells in the configured CC list. 
On Rel-17 beam indication enhancements for inter-cell beam management, the supported Rel-17 MAC-CE-based and/or DCI-based beam indication applies to the channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals. If BFR is configured for inter-cell case, there are many spec impacts to consider, e.g. RS configuration for RLM and BFD, association of new beam RS with PCI. We prefer not to consider inter-cell BFR in Rel-17.

· In Rel-17, BFR for inter-cell case is not supported.

Inter-cell mobility
The following agreements was achieved for L1/L2-centric mobility in RAN1 #106bis-e meeting.
	Conclusion
On Rel-17 beam indication enhancements for inter-cell beam management, for separate DL/UL TCI, there is no consensus in restricting the indicated DL TCI and UL TCI to be associated with SSBs of a same physical cell ID.
· Whether a corresponding UE feature can be introduced can be discussed in UE feature agenda

Conclusion
[bookmark: _Hlk85641497]On Rel-17 beam indication enhancements for inter-cell beam management, the supported number of physical cell IDs different from that of the serving cell that are associated with activated TCI states for the supported 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) will be decided as a part of UE feature discussion.
· Decide in conjunction with inter-cell mTRP, where the candidate value(s) include at least 1

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP 

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 

Conclusion
[bookmark: _Hlk84843602]On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in RAN1 on UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell



Enhanced beam indication with unified framework
In AI 8.1.1.2 discussion, a new RRC indicator/signalling (e.g., re-index the non-serving cell) was agreed to introduce in RAN1#106-e meeting, to indicate the non-serving cell information that a TCI state/QCL information is associated with, where the new indicator/signaling is not the exact PCI value. As for non-serving cell information agreed in RAN1#104-e meeting, it at least includes PCI, SSB time domain position, SSB transmission periodicity and SSB transmission power. The detailed design is up to RAN2 signaling design. For inter-cell beam management, similar configurations and mechanisms can be used. 

· Support to reuse the same configuration of non-serving cell information for L1/L2 centric mobility and inter-cell mTRP operation.

· [bookmark: _Hlk86936462]Support to reuse the same way of associating non-serving cell information with TCI for L1/L2 centric mobility and inter-cell mTRP operation.
One of remaining issues in the last meeting is the definition of non-UE-dedicated channels. We think the definition for inter-cell cases should be the same as that for intra-cell cases proposed in Section 2.1, that the non-UE dedicated channels include the CORESETs associated with type 0/0A/1/2 CSS set, PDSCH/PUSCH scheduled/activated, and PUCCH triggered by this CORESET. Another remaining issue is how to monitor paging information when the only one activated TCI sate is associated with a PCI different from that of the serving cell. In the previous agreement achieved in RAN1#106-e meeting, TCI state(s) associated with a PCI different from the serving cell can only be applied for UE-dedicated channels/RSs, and if UE only supports activating one TCI state, MAC-CE based beam indication can be used to switch between two different DL receptions along two different beams. Paging signals scheduled by type-2 CSS are non-UE dedicated. Based on the agreement, they cannot be monitored with the activated TCI state, so switching beam back to the serving cell can be used by MAC-CE before the reception of the paging signals.

· Do not support monitoring paging and short messages with the only one activated TCI state associated with a PCI different from the serving cell PCI.
It has also been agreed that unified TCI framework can be applied for both UE dedicated channels/RSs and non-UE-dedicated channels/RSs in intra-cell cases. Thus the QCL assumption of non-UE-dedicated channels/RSs can share the TCI state(s) associated with the PCI same as the serving cell. But for inter-cell cases, the QCL assumption of non-UE-dedicated channels/RSs is configured and updated by the legacy (Rel-15/16) TCI state update signaling/configuration mechanism, while the QCL assumption of UE-dedicated channels/RSs follows the unified TCI framework. Based on the above indication mechanism, there is an ambiguity that if a MAC CE signalling activates 8 TCI states with one of them associates with a PCI different from the serving cell PCI and the other 7 associated with the serving cell PCI, when the indicated TCI is associated with serving cell PCI, whether it is directly used to receive/transmit non-UE-dedicated channels/RSs. To clear the ambiguity, it would be better to specify that in this case, non-UE-dedicated channels/RSs are not expected to share any indicated TCI state associated with serving cell PCI, but can be indicated/activated with Rel15/16 mechanism to be associated serving cell PCI. 

· For the case when at least one of the activated TCI state(s) is associated with PCI different from the serving cell PCI, the RRC to control application of unified TCI to non-UE dedicated signals are not expected to be configured.
In Rel-15, for PDSCH, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, and for aperiodic CSI-RS, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet is smaller than beamSwitchTiming, their QCL assumption may follow the TCI state of the CORESET associated with a monitored search space with the lowest controlResourceSetId. However, in Rel-17, channels/RSs are divided into two categories, non-UE-dedicated and UE-dedicated, where non-UE-dedicated channels/RSs are defined as the channels/RSs associated with non-UE-dedicated CORESET and follow R15/16 TCI state update signaling/configuration mechanism. Therefore, the default QCL assumption of non-UE-dedicated channels/RSs (at least include PDSCH and aperiodic CSI-RS) should be clarified to follow the TCI state of the non-UE-dedicated CORESET associated with a monitored search space with the lowest controlResourceSetId.
The above analysis applies to both single CC and CA scenarios. Besides the default beam, another issue should also be considered in CA case. if only one TCI pool is configured, for intra-cell beam indication mechanism, other CCs will refer to the reference BWP/CC to obtain their beam indication; while for inter-cell beam indication mechanism, e.g., some TCI states associating with a PCI different from that of the serving cell, the beam determination/update mechanism across CCs especially when the activated/indicated TCI state associating with a PCI different serving cell should be discussed.

· For enhancement beam indication with unified TCI framework,
· default beam for non-UE-dedicated channels/RSs under inter-cell beam indication should be clarified.
· CA case also should be considered, at least for intra-band CA.

Inter-cell beam measurement
It has already been agreed to support L1-RSRP based measurement. The simplest L1 inter-cell beam measurement is to reuse the results of current L3 inter-cell beam management. 
By limiting measurement within SMTC, there are at least the following benefits.
· UE does not assume stringent timing assumption between the measured cell and serving cell with current L3 inter-cell management behavior. UE would freely search for the best cell.
· Large number of cells and SSBs can be measured with current L3 inter-cell beam management behavior. For mobility purpose, the gNB would be interested in the performance of a few number of SSBs of each neighboring cell, as long as the beam qualities of which are good enough for handover or inter-cell multi-TRP. By limiting within SMTC, UE would also freely search for the best without limitations. 
· RAN4 already specifies the measurement behavior when SSBs from different cells overlap.
Based on the above understanding, L1-RSRP based inter-cell measurement can be supported based on the measurement within SMTC window.
There are also some disadvantages for L1-RSRP measurement limited within SMTC:
· To further reduce the latency, short period for SMTC needs to be configured. However, this would largely impact the transmission and reception of its serving cell. On FR2, the UE may not be able to receive or transmit other types of channels or signals in SMTC, according to current scheduling availability of UE performing measurements. For example, during SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the network configures SMTC with short period, the available time resources for the transmissions of serving cells are largely reduced. 
Thus it is also necessary to support a kind of measurement based on L1-RSRP without any further restrictions within SMTC.
The following LS from RAN4 further clarifies above points.
	Question 1: In the context of L1/L2-centric inter-cell mobility, what are the implication(s)/benefit(s), if any, (from RAN4 perspective) of limiting the measurement for L1-RSRP on measurement RS of a non-serving cell within the SMTC window(s) (only applicable to SSB) for the above agreed L1-RSRP reporting? Conversely, what are the implication(s)/benefit(s), if any, of not limiting the measurement for L1-RSRP to be carried out within the SMTC window(s)? 
[RAN4] RAN4 has discussed the implication(s)/benefit(s) on limiting L1-RSRP measurement within and outside SMTC. RAN4 cannot conclude the suggestion to RAN1 on whether to limit L1-RSRP measurement within SMTC or not. The below implication(s)/benefit(s) have been identified 
·  If measurement for L1-RSRP is limited within SMTC 
· In FR1, no impact on limiting L1-RSRP measurement within SMTC window. In FR2, resource sharing factor (e.g. Psharing factor=3 as defined for the L1-RSRP measurements of serving cell in section 9.5.4 in TS38.133) shall be considered
· An SMTC periodicity larger than SSB periodicity would lead to longer L1-RSRP measurement period. 
· If the non-serving cell resources would require a measurement gap to be measured, the measured resources would need to be confined within the measurement gap.
· If measurement for L1-RSRP is not limited within SMTC 
· Impact on UE measurement burden is expected. For FR2, scheduling restriction may be expected due to non-collocation cell measurement.
· Network may have full flexibility in configuration of the RS periodicity and offset
Question 2: In the context of L1/L2-centric inter-cell mobility, for measurement on measurement RS of a non-serving cell, with the above agreed L1-RSRP reporting, if the receive timing of the measurement RS from the non-serving cell can be different from the receive timing of the signals from the serving cell, what are the implication(s)/benefit(s), if any, from RAN4 perspective? 
[RAN4] Based on the following understandings, RAN4 concluded different receive timing of the measurement RS from the non-serving cell and the receive timing of the signals from the serving cell can be supported. 
·  In FR1 TDD and FR2 the intra-frequency neighbor cell is assumed to be synchronous and the timing difference between serving cell and neighbor cell can be limited within a certain value which depends on cell phase synchronization error and propagation delay difference. For FR1 FDD the intra-frequency cell could be asynchronous and have different receive timing compared to serving cell.
· For the case when the measurement RS from the non-serving cell is within SMTC in FR1, legacy measurement behavior based on L3 measurement may be reused from RAN4 perspective. RAN4 needs more time to conclude whether there are performance and complexity impacts due to the longer evaluation period.
· For the other cases, performance degradation or increased UE complexity can be expected if timing difference exceeds the minimum requirements of UE (e.g., 1 CP) 
· Note: Based on Question 1 response, RAN4 does not have conclusion on whether to limit L1-RSRP measurement within SMTC or not




· Support L1-RSRP inter-cell measurement within SMTC window.
· Support L1-RSRP inter-cell measurement without limitation to within STMC window based on UE capability and configurations.
For inter-cell measurement in Rel-15, with consideration of that SSBs configured for L1 measurement associated with serving cell PCI and SSBs configured for L3 measurement associated with PCIs different from serving cell PCI may overlap, some measurement mechanisms to guarantee the measurement accuracy, such as increase the measurement time based on sharing factor, had been defined. However, in Rel-17, except the above, the overlapping event may also occur in (SSBs configured for L1 measurement for the serving cell, SSBs with PCI different from the serving cell configured for L1 measurement), and (SSBs with PCI different from the serving cell configured for L1 measurement, SMTC). The overlapping events may not be easily avoided by the network configuration since the SSBs from different cells would overlap with each other. For the overlapping events, there are two alternatives to carry out L1-RSRP inter-cell measurement:
[bookmark: _Hlk87024087]Alt-1: limit L1-RSRP inter-cell measurement within SMTC window based on UE capability and configuration, and then UE follows measurement requirement determined by RAN4 to measure the RS resource(s) of each measurement cell. 
Alt-2: when the overlapping event happens, UE follows measurement pattern configured by high layer parameters to measure the RS resource(s) of each measurement cell in turn. The measurement pattern may need specification enhancement. 

· Support to define UE behavior when there is time-domain overlap for the L1 measurement for SSB associated with serving cell PCI and PCIs different from the serving cell PCI
· Alt-1: limit L1-RSRP inter-cell measurement within SMTC window
· Alt-2: define a higher layer configured measurement pattern to measure the SSB of each measurement cell in turn

Inter-cell beam report
For the case of inter-cell beam measurement mentioned above, the SSB/CSI-RS from neighboring cells can be measured in layer1 to accelerate the beam management procedure. And then the measurement value of L1-RSRP and its corresponding RS index can be carried in periodic, semi-persist, or aperiodic beam report to the network. The procedure of beam report for L1/L2 centric mobility is the same as that for intra-cell cases, except for two points listed as follows:
· The measured RS may be associated with a PCI different from the serving cell PCI;
· The UE needs to inform the gNB of the measurement results including the RS resources from neighboring cells through the beam report. 
With consideration of mentioned above, we prefer to reuse the CSI framework for beam report for L1/L2 centric mobility with some enhancement, that including introducing a new high layer parameter NonServingCellInfoList in CSI-MeasConfig or MeasObjectNR, to include all non-serving cell information, and then introduce a new association between SSB resource and non-serving cell information, such as add a new field in high layer parameter SSB Index to indicate the non-serving cell information the SSB resource associated with, and the field can be valued as PCI or a value indicating the position of the non-serving cell information in the sequence of NonServingCellInfoList via a bit map. With the association between measured RS resource and non-serving cell information, after receiving beam report and according to the reported RS resource indice(s), the gNB shall be aware of whether the RS resource(s) is from neighboring cells, where the RS resource indice(s) is determined based on the number of RS resources in the RS resource set.
The PCI in the resource setting can be (re-)configured to indicate/update the relationship between the RS resource and the source cell or target cell. There may be a lot of RS resources in the case of measurement for neighboring cells. If every possible configuration of the report setting is provided to meet the measurement requirement for multiple neighboring cells, the RRC signaling overhead will be heavy. Therefore, in order to speed up the inter-cell management and reduce the overhead, PCI information in the CSI report setting/resource setting can be updated dynamically.


· Support to enhance CSI reporting/resource setting configuration to include non-serving cell information for inter-cell beam management.
· Support to introduce an association between RS resource and non-serving cell information.
· Support to use MAC CE to update the non-serving cell information.
L1-RSRP reporting for inter-cell beam management was agreed to reuse the Rel-15 L1-RSRP table in the last meeting, which means several SSBRIs and their corresponding value of L1-RSRP will be reported, where the values of L1-RSRP are reported differentially. As for the differential format of L1-RSRP, two alternatives were proposed in the last meeting as follows:
· Alt-1: Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt-2: Differential L1-RSRP per PCI is used. When more than one L1-RSRP(s) associated with the same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI, i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP
Compared with Alt-1, Alt-2 results in a larger UCI payload especially with large K and number of measurement cells. As for the motivation for Alt-2 proposed by the supporter that SSB Tx power difference between serving-cell SSB and non-serving cell SSB should be considered for determining SSBRI-RSRP pair to be reported, which is beneficial for assisting UL Tx beam determination, we think it can be solved by gNB implementation, such as configuring separate DL beam reports for cells with large Tx power difference, rather than introduce a new differential reporting format. 

· Support to reuse Rel-15 L1-RSRP reporting format for inter-cell beam report.
Besides SSBRI and measurement value of L1-RSRP, timing offset should also be reported. timing offset between source cell and measured cells can be carried through positive or negative quantized value. Based on the L1 report, the gNB can determine whether the scheduling restriction applies to the symbol(s) before or after the RS symbols of the neighboring cell. In addition, for inter-cell multi-TRP case, the solution of L1 report carrying timing offset of different cells can assist the gNB to select the appropriate TRPs for simultaneous transmission. 

· Support to report timing offset between different cells in L1/L2 report. 
For beam reporting for inter-cell beam management and inter-cell mTRP, except the agreed periodic/semi-persist/aperiodic beam report, event-driven beam reporting was also proposed and discussed in the last meeting. As for the event-driven beam report, whether it is based on the physical layer or MAC layer, many details need to be discussed, such as the definition of events, the contents included in the report, and the UL resource transmitting the report. Considering limited time in Rel-17, we prefer to complete the procedure of inter-cell mobility with periodic/semi-persist/aperiodic beam report firstly, and event-driven beam report has low priority.

· Support to complete the procedure of inter-cell mobility with periodic/semi-persist/aperiodic beam report firstly before discussion on event-driven beam report.

Beam selection for multi-panel UE
	[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Conclusion
On Rel.17 enhancements to facilitate UL beam selection for MP-UE, the following terms are used at least for the purpose of discussion: 
· ‘Panel activation’ (at least for DL/UL measurement): activating L out of P available UE panel(s) at least for the purpose of DL and UL beam measurements (e.g. reception of DL measurement RS, transmission of SRS)
· ‘Panel selection’ (for UL transmission): selecting 1 out of L activated UE panel(s) for the purpose of UL transmission 
· Note: UE-initiated panel activation and selection have been agreed in RAN1#103-e

Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection,
· Rel.17 TCI state update (based on MAC CE + DCI along with the necessary TCI state activation, or MAC CE only) can be used for UE UL panel selection:
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support, e.g.  
· Additional spec support in TCI state definition to accommodate UL panel
· UE reporting to facilitate UL panel selection
· UE reporting, e.g. panel-specific report, including UE -panel state, e.g. inactive, active for DL /UL measurement, active for DL reception only, active for UL transmission, or other combination(s) of UE -panel states
· Support for linking or association of UE panels with CSI-RS/SSB resources or resource sets, SRS resource sets, and/or PUCCH resource groups, etc.

Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, down select or modify from the following two schemes in RAN1#106bis-e:
· Scheme 1: 
· A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance (i.e. Opt1-1 per RAN1#104-bis-e agreement) 
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS: Detailed design of how to inform the correspondence to NW 
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Support UE reporting of maximum number of SRS ports and coherence type for each panel entity as a UE capability
· Support multiple codebook -based SRS resource sets with different maximum number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE capability for the panel entity 
· Scheme 2: 
· Support UE reporting one of the following (to be down selected in RAN1#106bis-e): 
· Opt1. A list of supported UL ranks (number of UL transmission layers) 
· Opt2. A list of supported number of SRS antenna ports
· Opt3. A list of coherence types (as in Rel-15) indicating a subset of ports
· The NW configures an association between an rank index and rank/number of SRS antenna ports/coherence type
· Include at least one of the index, the maximum UL rank or SRS antenna ports or coherence type corresponding to a reported SSBRI/CRI in a beam reporting instance 
· FFS: timeline to apply above result in the beam report instance
· Support multiple codebook-based SRS resource sets with different number of SRS antenna ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE reported info corresponding to the index



In RAN1 #104bis-e meeting, for panel entity definition, the correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is determined by the UE. Because the corresponding panel entity for one RS resource may vary and one RS resource may correspond to multiple UE panels, to avoid the misalignment between gNB and UE, the direct way is to indicate an index/ID in beam report to inform gNB of the UE panel corresponding to each SSBRI/CRI. Or the index/ID is introduced in report configuration/activation to enable beam management and beam report for the specific UE panel. In beam report, the UE panels corresponding to the indexes/ID can be considered as active. These indexes/IDs also can be used to facilitate the report of panel level UE capability, where UE capability values can be introduced to comprise a parameter list, e.g. UL rank, number of SRS antenna ports, coherence type or number of SRS resources within one SRS resource set, where the SRS resource set ID can be associated with the UE capability value.

· Support to include UE capability value corresponding to a reported SSBRI/CRI in a beam reporting instance. 

· Support UE reporting supported number of SRS resources for each SRS resource set.
· SRS resource set ID can be associated with the UE capability value.
The correspondence between SSBRI/CRI and UE capability value is determined by UE and is informed to gNB in a beam reporting instance. When the gNB schedules transmission and reception of different channel/RS based on beam report, the joint/separate TCI state in Rel-17 in beam indication can implicitly be used to indicate which UE panel is for channel/RS transmission and reception, which achieves the purpose of the alignment of panel status between gNB and UE. The indicated TCI state after beam report can be used as the acknowledgement. Then UE can select the panel corresponding to the indicated source RS in TCI state for UL transmission. If the UCI carrying beam report is not received by gNB, the gNB can trigger a new beam report by implementation to align the correspondence. When the beam report is received by gNB, it is up to gNB for panel selection based on the report. If the correspondence is updated, the UE should inform to gNB, which may need additional event definition and reporting solution. The direct and simple solution is not to update the correspondence before the next report.

· Rel-17 TCI state update can implicitly be used for UL panel selection based on the enhanced beam report.

· It is not necessary to explicitly define acknowledgement for beam report. The indicated TCI state after beam report can be used as the acknowledgement implicitly.

· The correspondence does not need to be updated before next beam report.
SRS resource set(s) can be configured by gNB based on UE capability value set report.  Based on beam report, the correspondence is informed to NW to imply ready UE panel(s). Then, gNB can indicate SRI in a SRS resource set for UL transmission from a UE panel. If the SRS resource set is selected by UE, it is necessary to clarify how to ensure the alignment between SRS resource set selected by UE and indicated SRI by gNB.

· If the SRS resource set is selected by UE, it is necessary to clarify how to ensure the alignment between SRS resource set selected by UE and indicated SRI by gNB.

MPE issue for multi-panel UE
	[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK8][bookmark: OLE_LINK19]Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support N=1, 2, 3, and 4
· N is defined as the number of reported measurements
· UE reports supported largest N value as a UE capability

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
	On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following: 
· (Working Assumption) For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection) 
· Support M=1
· FFS: The supported value(s) of M 
· FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR
· FFS: additional signaling (e.g. CSI triggering) from the NW



Agreement
On Rel.17 enhancements to facilitate MPE mitigation, the candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2) 



[bookmark: OLE_LINK29][bookmark: OLE_LINK32]The UE can apply P-MPR to ensure compliance with applicable electromagnetic power density exposure requirements and addressing unwanted emissions/self-defense requirements. Based on P-MPR report the gNB can obtain the real-time status of the UE accurately, and adjust the scheduling scheme and panel/beam selection accordingly. 
In RAN1 #106bis-e meeting, it is agreed that enhanced Rel-16 event-triggered P-MPR-based reporting is supported, where N pairs of P-MPR and SSBRI/CRI are reported. If there is no SSBRI/CRI with a better measurement result at the UE, only P-MPR without associated SSBRI/CRI in MAC CE does not facilitate beam indication by gNB. We prefer that N is defined as the maximum number of reported measurements and the UE selects and reports up to N pairs of P-MPR(s) and SSBRI(s)/CRI(s) from a candidate SSB/CSI-RS resource pool.

· The value of N is configured by gNB and is the maximum number of reported measurements in one P-MPR report in addition to legacy P-MPR. 
· In a MPE report, in addition to legacy P-MPR, the UE selects and reports up to N pairs of P-MPR(s) and SSBRI(s)/CRI(s) from a candidate SSB/CSI-RS resource pool.
In current RAN2 spec TS38.321, if mpe-Reporting-FR2 is configured, the MAC CE entity shall trigger MPE reporting when the triggering condition is met. In single entry PHR MAC CE or multiple entry PHR MAC CE, the applied power backoff to meet MPE requirement is indicated, where the measured values of P-MPR levels in dB are included. 
When SSBRI(s)/CRI(s) in beam report is not included in latest P-MPR report, UE should report P-MPR MAC CE to gNB. For example, {P-MPR1, CRI1} is included in latest P-MPR report, but based on subsequent beam measurement, a new beam report is transmitted to gNB which indicate that the beam pair link according to CRI1 quality is worse than CRI2. At this time the UE needs to report new pair of P-MPR and CRI, so that the gNB can accurately select beam with better quality. Thus, it is necessary to introduce new triggering conditions to ensure that gNB can obtain the pair of P-MPR and SSBRI/CRI in time.  
The legacy triggering condition in TS38.321 needs to be modified to accommodate P-MPR report per measurement by replacing measured P-MPR with at least one measured P-MPR. MAC CE carrying P-MPR report different from legacy PHR report is transmitted based on the configuration and the triggering condition for MPE.
	· [bookmark: _Hlk83655627]-	if mpe-Reporting-FR2 is configured, and mpe-ProhibitTimer is not running:
Proposal 1 -	the measured P-MPR applied to meet FR2 MPE requirements as specified in TS 38.101-2 [15] is equal to or larger than mpe-Threshold for at least one activated FR2 Serving Cell since the last transmission of a PHR in this MAC entity; or
Proposal 2 -	the measured P-MPR applied to meet FR2 MPE requirements as specified in TS 38.101-2 [15] has changed more than phr-Tx-PowerFactorChange dB for at least one activated FR2 Serving Cell since the last transmission of a PHR due to the measured P-MPR applied to meet MPE requirements being equal to or larger than mpe-Threshold in this MAC entity.



· Introduce new triggering condition of P-MPR report.
· SSBRI(s)/CRI(s) in beam report is not included in latest P-MPR report.

· Modify legacy triggering condition of P-MPR report by replacing measured P-MPR with at least one measured P-MPR.

[image: ]
UL metric calculation at gNB based on panel level P-MPR report
The selection from a candidate SSB/CSI-RS resource pool can be dependent on UE implementation based on DL L1-RSRP. The following simulation results show that the performance is very similar/negligible using L1-RSRP as the metric or using other metric. In simulation, two cases are modeled for panel/beam switching:
· Case 1(baseline): when MPE event is declared by UE, a modified L1-RSRP is triggered. The UE reports the uplink RSRP that considers the impact of blockage and MPE power back-off for panel/beam switching. gNB selects and determines the panel/beam switching according to the reported uplink RSRP.
· Case 2: when MPE event is declared by UE, a Rel-15 L1-RSRP report is triggered by gNB. The UE reports 4 beam pairs between gNB and UE based on downlink RSRP that considers the impact of blockage. gNB selects and determines the panel/beam switching according to the reported DL RSRP and P-MPR.
UL performance with full buffer traffic model for panel/beam switching
	
	Dense Urban
	Indoor Hotspot

	
	Mean SE of cell
	5%SE
	50%SE
	Mean SE of cell
	5%SE
	50%SE

	Case1
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Case2
	0.04%
	-2.10%
	-0.23%
	-0.04%
	0.00%
	0.01%



From the simulation results we can see that a negligible performance difference is achieved between case1 and case2. Therefore, there is no need to introduce RAN1 spec impact for SSBRI/CRI selection, just UE implementation.

· For SSBRI/CRI selection rule, no RAN1 specification is needed.

Conclusions
In this contribution, we analyze potential enhancements of multi-beam operation in Rel-17. To summarize, we have following observations and proposals.
1. 
It is not necessary to include TCI state type (to indicate the target is for DL or UL) in Rel-17 TCI state signaling, no matter whether UL TCI shares the same TCI state pool as joint DL/UL TCI or not.
1. 
There is no RAN1 spec impact for the other cases of beam alignment definition which should be discussed in RAN4.


1. 
· The non-UE-dedicated channels include the PDCCH on the CORESETs associated with type 0/0A/1/2 CSS set and the scheduled PDSCH by the PDCCH.

The same TCI state is applied to non-UE-dedicated CORESET and the associated UL channels including PUSCH scheduled/activated and PUCCH triggered by non-UE-dedicated CORESET.
· For intra-cell beam indication, PUCCH and PUSCH associated with non-UE-dedicated CORESET 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.

P-/SP-CSI-RS does not need to be configured via RRC to 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.
P-/SP-SRS does not need to be configured via RRC to share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources.

The application of same indicated Rel-17 TCI state for aperiodic CSI-RS and aperiodic SRS can be flexibly configured by gNB per resource set.

When the triggering offset is smaller than the threshold beamSwitchTiming, aperiodic CSI-RS for BM and for CSI 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, except for the following other DL signals in the same symbols at the aperiodic CSI-RS: 
· P-/SP-CSI-RS
· Non-UE-dedicated reception on PDCCH and the associated PDSCH or aperiodic CSI-RS, which is configured to not share same TCI state as UE-dedicated reception.

MAC CE can be used to update QCL configuration for periodic SRS that is valid target signal of Rel-17 TCI state but not to share the same Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources.

For periodic CSI-RS and aperiodic CSI-RS that is valid target signal of Rel-17 TCI state but not to share same TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, MAC CE can be used to update QCL assumption for the CSI-RS.

If UE does not support beam misalignment between the DL source RS in the UL or (if applicable) joint TCI state and the PLRS, the periodic DL source RS in TCI state is used for PL estimation.

UE can simultaneously maintain more than four path-loss estimates per CC but no more than the maximum number per band based on UE capability.

Do not support MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI state.

If the association is not configured by RRC, a default setting from the setting list can be used.

UL PC parameter settings from different setting lists including additional P0 list are associated with an UL or (if applicable) joint TCI state for different services.
· TCI state ID and OLPC are used to determine PC parameters.


 
Clarify that Rel-17 power control mechanism is applied to the PUCCH and PUSCH associated with a non-UE-dedicated CORESET, where the PUCCH and PUSCH share the same indicated Rel-17 TCI state with the non-UE-dedicated CORESET.

In Rel-17 TCI framework, the UE expects same PC parameters for all SRS resources in a SRS resource set including the following cases:
· When SRS is configured to use the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources via RRC, same PC parameters of all SRS resource in set are determined based on the indicated Rel-17 TCI state.
· When SRS is configured to not use the indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources via RRC, the same PC parameters are associated with the configured Rel-17 TCI states by RRC or with the updated Rel-17 TCI state by MAC CE for all SRS resources in a SRS resource set.

There is only one reference CC in a set of configured CCs, where the reference CC is configured with common TCI state pool.

Clarify whether the PLRS and power control setting are shared across CCs or CC-specific when the TCI state is shared across the band. 

When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied until the TCI state is indicated by DCI.

The Y value is configured per BWP.  Dependent on which CC/BWP is used to determine the application time of beam indication, the corresponding Y value is selected.  

For determination of beam application time, clarify whether TA (time advance) is taken into account when determining the starting time, i.e., the last symbol of the PUCCH carrying the ACK of the beam indication.
For the case when PUCCH is FR1 and beam application time is in FR2 where two TAGs are applied separately for FR1 and FR2, clarify whether the time of last symbol of PUCCH is determined in FR1 first and then map the time to the applied CCs. Counting of Y symbols are conducted on the CCs where the beam is applied.

Reuse Rel-15/Rel-16 explicit BFD RS configuration mechanism. 
The beam failure detection is for all PDCCH beams, no matter whether the same TCI state as UE-dedicated reception on PDSCH/PDCCH is used for non-UE-dedicated CORESET.

Reuse Rel-15/Rel-16 BFRQ and BFRR mechanism. 

The new beam is not only used for UE-dedicated PDCCH/PDSCH and other signals/channels configured to sharing such Rel-17 TCI state, but also for non-UE dedicated PDCCH and associated PDSCH.

In Rel-17 unified TCI framework, for CA case, BFR can be configured only on one cell in the configured CC list.
New beam indicated by BFRQ is used for beam reset on all cells in the configured CC list. 


In Rel-17, BFR for inter-cell case is not supported.

· Support to reuse the same configuration of non-serving cell information for L1/L2 centric mobility and inter-cell mTRP operation.

· Support to reuse the same way of associating non-serving cell information with TCI for L1/L2 centric mobility and inter-cell mTRP operation.

· Do not support monitoring paging and short messages with the only one activated TCI state associated with a PCI different from the serving cell PCI.

· For the case when at least one of the activated TCI state(s) is associated with PCI different from the serving cell PCI, the RRC to control application of unified TCI to non-UE dedicated signals are not expected to be configured.

· For enhancement beam indication with unified TCI framework,
· default beam for non-UE-dedicated channels/RSs under inter-cell beam indication should be clarified.
· CA case also should be considered, at least for intra-band CA.

· Support L1-RSRP inter-cell measurement within SMTC window.
· Support L1-RSRP inter-cell measurement without limitation to within STMC window based on UE capability and configurations.

· Support to define UE behavior when there is time-domain overlap for the L1 measurement for SSB associated with serving cell PCI and PCIs different from the serving cell PCI
· Alt-1: limit L1-RSRP inter-cell measurement within SMTC window
· Alt-2: define a higher layer configured measurement pattern to measure the SSB of each measurement cell in turn

· Support to enhance CSI reporting/resource setting configuration to include non-serving cell information for inter-cell beam management.
· Support to introduce an association between RS resource and non-serving cell information.
· Support to use MAC CE to update the non-serving cell information.

· Support to reuse Rel-15 L1-RSRP reporting format for inter-cell beam report.

· Support to report timing offset between different cells in L1/L2 report. 

· Support to complete the procedure of inter-cell mobility with periodic/semi-persist/aperiodic beam report firstly before discussion on event-driven beam report.

Support to include UE capability value corresponding to a reported SSBRI/CRI in a beam reporting instance. 


Support UE reporting supported number of SRS resources for each SRS resource set.
· SRS resource set ID can be associated with the UE capability value.

Rel-17 TCI state update can implicitly be used for UL panel selection based on the enhanced beam report.

It is not necessary to explicitly define acknowledgement for beam report. The indicated TCI state after beam report can be used as the acknowledgement implicitly.

The correspondence does not need to be updated before next beam report.

If the SRS resource set is selected by UE, it is necessary to clarify how to ensure the alignment between SRS resource set selected by UE and indicated SRI by gNB.

The value of N is configured by gNB and is the maximum number of reported measurements in one P-MPR report in addition to legacy P-MPR. 
In a MPE report, in addition to legacy P-MPR, the UE selects and reports up to N pairs of P-MPR(s) and SSBRI(s)/CRI(s) from a candidate SSB/CSI-RS resource pool.

Introduce new triggering condition of P-MPR report.
· SSBRI(s)/CRI(s) in beam report is not included in latest P-MPR report.

Modify legacy triggering condition of P-MPR report by replacing measured P-MPR with at least one measured P-MPR.

For SSBRI/CRI selection rule, no RAN1 specification is needed.
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Annex

System-level simulation assumption for MPE
	Parameters
	Values

	Scenarios
	· Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor
· the number of UEs is 105 at each drop
· Indoor (TR 38.901/802)
· the number of UEs is 120 at each drop

	UE speed
	3 km/hr for indoor UEs, 30km/hr for outdoor UEs 

	Panel Blockage Modeling for MPE
	Only one panel is blocked. The blocked panel is randomly selected at each drop
· Blocking entails an additional pathloss of 10dB applied to both DL and UL
For simulation with full buffer traffic, a blocking event is determined, started at the beginning of each drop, and sustained throughout the entire drop.

	MPE Modeling
	When MPE occurs, the maximum TX power for the covered panel is reduced by 10dB P-MPR. That is, the actual maximum TX transmit power = maximum EIRP (22dBm) – P-MPR (10dB)

	UE-side panel switching latency
	0 ms for active panels

	Performance metrics
	CDF of UE throughput, avg. and 5% UE throughput (representing cell-edge coverage)

	Frequency Range
	FR2 @ 30 GHz,
· SCS: 120 kHz
· BW: 80 MHz

	Transmission Power
	Maximum Power for base station is 40dBm;
Maximum Power for UE is 22dBm;

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
32 beams at BS side: vertical[1/8pi, 3/8pi, 5/8pi, 7/8pi]; horizontal[-7/16pi, -5/16pi, -3/16pi, -1/16pi, 1/16pi, 3/16pi, 5/16pi, 7/16pi];

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE Antenna Configuration
	Number/location of panels: 3 panels (left, right, and back) 
Panel structure
-	(M, N, P) = (1, 4, 2)
-	8beam at UE side:vertical[0.0]; horizontal[-3/8pi, -1/8pi, 1/8pi, 3/8pi]

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10

	Beam correspondence
	Perfect beam correspondence，∆EIRPBC =0

	Link adaptation
	Based on CSI-RS

	Rank candidate	
	Only rank1

	Traffic Model
	Full buffer and FTP model 1 with packet size 0.5Mbytes for DL and 0.1Mbytes for UL

	Inter-panel calibration for UE
	Ideal

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT based

	Transmission scheme
	SU-MIMO

	Other simulation assumptions
	serving TRP selection ：max L1-RSRP
scheduling algorithm ：PF

	Algorithm details (when applicable)
	Beam metric: L1-RSRP
One panel is active during the data transmission
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