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Introduction
In RAN1 #106 meeting, the following agreements and conclusion on beam management enhancement have been achieved.
	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
Confirm the following working assumption with revision in RED
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell beam management mobility, support the following:
· Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· Already agreed up to RAN1#106-e day2
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH

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
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 Rel.17 beam indication enhancements for inter-cell 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) apply to:
· Both joint TCI and separate DL/UL TCI
· FFS: For separate DL/UL TCI, whether the indicated DL TCI and UL TCI are associated with SSBs of a same physical cell ID
 
Agreement
On Rel.17 beam indication enhancements for inter-cell management, 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):
· Both MAC-CE based and MAC-CE+DCI-based beam indication schemes are supported
Note: Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.

Working Assumption 
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).

Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, 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):
· Support a UE feature on how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states 
· FFS: If UE is configured for only one physical cell ID, decide between the following two options:
· Opt1: the NW can activate TCI states associated with either the same physical cell ID as that of the serving cell or a different physical cell ID from that of the serving cell 
· Opt2: the NW can only activate TCI states associated with the same physical cell ID as that of the serving cell
Note: The above does not necessarily mean that more than 1 physical cell ID that is not serving cell in RRC


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 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 DCI-based beam indication, regarding application time of the beam indication, in RAN1#106bis-e, further down select one from the following alternatives for the case of CA:
· Alt1: 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
· Alt2: The first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment
· Alt3: The first slot and the Y symbols are both determined on the UL carrier carrying the acknowledgment.

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

Conclusion
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in supporting additional value(s) of KMAX other than 4

Agreement 
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#106bis-e, select one of the following alternatives:
· Alt1. Support L1-based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt2. Support MAC CE based event-driven beam reporting for inter-cell beam management and inter-cell mTRP
· Alt3. In Rel-17, event-driven beam reporting is not supported for inter-cell beam management and inter-cell mTRP

[bookmark: _Hlk79742541]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

Conclusion
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, there is no consensus in configuring the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component 
· Note: It has been agreed that “The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS” and hence the setting of (P0, alpha, closed loop index) is channel/signal dependent (separate settings for PUCCH, PUSCH, and SRS)

Conclusion
On Rel-17 unified TCI, for Rel-17, there is no consensus in supporting additional (M,N) values other than  (M,N)=(1,1)

Conclusion
On Rel.17 enhancements for inter-cell beam management, 
· In Rel-17, RAN1 cannot reach consensus in supporting same or different TA values across the serving cell and TRPs with different PCIs from that of the serving cell 

Agreement
On Rel.17 enhancements for inter-cell beam management, 
· To be finalized in RAN1#106bis-e): UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell

Agreement
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)
· FFS: The supported value(s) of M
· FFS: Whether N represents the number of selected beams or the number of panels
· FFS: Supported values of N
· FFS: Whether beam-specific and/or panel-specific PHR is also reported 
· 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 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, select NMAX (the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting) from the following alternatives (to be decided in RAN1#106bis-e): 
· Alt1: NMAX   is up to UE capability with candidate values of 1 and X.
· Note: X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE measures up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· Alt2. NMAX=1
  
Agreement
On Rel-17 enhancements to facilitate advanced beam refinement/tracking, in Rel-17, further focus study (including down-selection) and, if needed, specification effort on Opt 1-A as agreed in RAN1#105-e (UE -initiated beam selection/activation based on beam measurement and/or reporting, without beam indication or activation from NW) comprising: 
· UE -initiated (DL-only or DL/UL) beam selection, including the following options
· Opt1. The selected beam is reported by an event-triggered UE beam reporting via, e.g. UCI , MAC CE, UL CG, or Type 1/Type 2 CBRA/CFRA
· Opt2. The selected beam is reported by a legacy UE beam report (NW-configured)
· FFS on triggering condition and NW-indication of a beam group in which the UE is allowed to do the beam selection, e.g., the NW-indication via MAC-CE
· FFS : NW confirmation, e.g. if no NW beam selection command overwriting the selected beam is received in a time window after the report
· UE-initiated beam activation based on beam reporting  
· The reported beam(s) are activated as active TCI/spatial relation RS(s) automatically w/o NW activation command after receiving gNB response signalling , e.g. DCI/MAC CE
· FFS : The reported beam is applied directly if the number of supported activated beam by the UE is one and/or after receiving gNB response signaling, or if no NW activation command overwrites the beam(s) activated by the report in a time window after the report
· UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams
· The UE can select an alternative beam from the other beams in the gNB -configured set containing more than one UL beam

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 c odebook -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

Agreement
· The reply LS to RAN2 on TCI state update for L1/L2-centric inter-cell mobility is endorsed in R1-2108526.
· The reply LS to RAN3 on TCI state update for L1/L2-centric inter-cell mobility is endorsed in R1-2108527.
· The reply LS to RAN4 on TCI state update for L1/L2-centric inter-cell mobility is endorsed in R1-2108528.





In this contribution, we provide some discussion on remining issues on beam management enhancement.
Issue 1: Unified TCI framework
For unified TCI indication framework, there are the following open issues:
· Remaining details for the downlink TCI state: source signal, target signal and QCL types
· Remaining details for the uplink TCI state: source signal, target signal and power control parameters
Downlink TCI state
In Rel-15, the QCL rule is defined as shown in Figure 1.
[image: ]
Figure 1: QCL rule defined in Rel-15
Since aperiodic CSI-RS for CSI and aperiodic CSI-RS for BM can share the indicated unified TCI with PDCCH/PDSCH (Such type of TCI is called as common unified TCI (C-TCI) in this contribution), according to the rule in Rel-15, only the following possible configuration for source reference signal in C-TCI can be supported:
· TRS is configured as source RS for QCL-TypeA, and CSI-RS for BM is configured as source RS for QCL-TypeD
· TRS is configured as source RS for QCL-TypeA + QCL-TypeD
Other type of reference signal should not be considered as the source reference signal for C-TCI.
Proposal 1: With regard to the source reference signal for Common unified TCI (C-TCI), only the following configuration is supported in Rel-17
· TRS is configured as source RS for QCL-TypeA, and CSI-RS for BM is configured as source RS for QCL-TypeD
· TRS is configured as source RS for QCL-TypeA + QCL-TypeD

In addition, since the C-TCI can be applied for CORESET #0, the source reference signal should be QCLed with an SSB so that UE can identify the monitoring occasion for SS#0.
Proposal 2: For intra-cell BM, the source reference signal for C-TCI should be QCLed with one SSB in order to identify the monitoring occasion for SS#0 when PCell is the target serving cell.

With regard to the target reference signal for C-TCI, the aperiodic TRS can also be considered, since there is no fundamental difference between aperiodic TRS and other type of aperiodic CSI-RS. In addition, periodic CSI-RS without QCL indication can also share the C-TCI. Thus, gNB can configure the periodic CSI-RS in a UE-dedicated manner when the load is small, so that it does not need to transmit/configure periodic CSI-RS shared with multiple UEs.
Proposal 3: With regard to the target reference signal for Common unified TCI (C-TCI), the following should be supported in addition to aperiodic CSI-RS for CSI/BM and PDCCH/PDSCH:
· Aperiodic TRS
· Periodic CSI-RS without QCL configuration

Uplink TCI state
In RAN1 #105 and #106, the following agreements on power control parameter configuration are agreed. There are still some remining issues on the details for power control parameter configuration.
	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
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· (Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states
· FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state

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




One issue is the details for PL-RS. In Rel-15, the L1-RSRP is measured based on SSB and CSI-RS for BM. Since higher-layer filtered RSRP should be measured based on L1-RSRP, it is better that the RS for PL-RS measurement should be the RS for L1-RSRP measurement. Meanwhile, 2-port CSI-RS has not been widely used since Rel-15, which would bring in additional UE complexity. It is better to preclude 2-port CSI-RS. In addition, since TRS shares the same pattern as CSI-RS for BM, TRS can also be considered as PL-RS.
Proposal 4: The PL-RS should be SSB or periodic 1-port CSI-RS for BM or tracking.
Another issue is on the association between unified TCI and other power control parameters. With regard to different performance requirement for URLLC and eMBB, it is better that one TCI can be associated with 2 power control parameter sets, where the set can be dynamically selected by DCI.
Proposal 5: With regard to different performance requirement for URLLC and eMBB, support one unified UL/joint TCI state to be associated with 2 sets of power control parameters, i.e. P0, alpha and closed-loop process index, and support to select the power control parameter set by DCI.
TCI state pool configuration
In RAN1 #106, the following is agreed for TCI state pool configuration.
	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




This agreement is quite helpful to reduce RRC overhead. Since the unified TCI is applied for CCs within a band, the CCs/BWPs that can share TCI states should be the CCs that within a band at least. Thus, the working assumption should be configured by changing “[configured] CCs/BWPs” into “CCs/BWPs at least within a band”. To consider the inter-band CA opeartion, one LS should be sent to RAN4 to ask which bands can share a common beam. 
Proposal 6: For TCI states pool sharing, the “[configured] CCs/BWPs” should be “CCs/BWPs at least within a band”
· Send an LS to RAN4 to ask which bands can share a common beam
In addition, currently, there are 3 types of TCI states: DL TCI, UL TCI and joint TCI. It has been agreed that whether to use joint TCI or separate DL/UL TCI should be based on RRC configuration. Then it is necessary to configure DL/UL TCI and joint TCI in separate pools. In addition, with regard to the overhead for TCI activation MAC CE, it is better that the DL and UL TCI belong to separate pools.
Proposal 7:  DL/UL/Joint TCI states should be configured in different TCI states pools, where gNB should not configure joint TCI states and separate TCI states simultaneously for CCs at least within a band.
Issue 2: L1/L2 Centric Inter-Cell Mobility
Measurement and tracking
To support L1/L2 centric mobility, there can be the 3 types of cells:
· Type 1 Cell: Serving cell: The cell that UE is communicating with.
· Type 2 Cell: Candidate cell: The cell that UE may potentially switch to, which can be considered as a cell with a L3 measurement result above a threshold
· Type 3 Cell: Other non-serving cell: The cell that UE may not switch to, which can be considered as a cell with a L3 measurement result below a threshold
For different cells, UE measurement and tracking behavior could be different. Table 1 illustrates potential UE behavior for different cells.
Table 1: Potential UE behavior on measurement and tracking for different types of cell
	
	Serving cell
	Candidate cell
	Other non-serving cell

	L1 measurement
	Yes
	Yes
	No

	L3 measurement
	Yes
	Yes
	Yes

	Fine Time/Frequency tracking 
	Yes
	Optional
	No

	Beam tracking
	Yes
	Optional 
	No



As the status candidate cell and other non-serving cell may be switched quickly, to avoid RRC reconfiguration, gNB can provide CSI-reportConfig related configuration for all the non-serving cells by RRC and use MAC CE to dynamically activate or deactivate CSI-reportConfig for some non-serving cells based on some rough L3 measurement results. The cell with an active CSI-reportConfig can be considered as a candidate cell.
Proposal 8: UE is only required to perform L1 measurement on candidate cell instead of all non-serving cells
· A candidate cell can be defined as a cell that UE may potentially switch to, which is with a L3 measurement result above a threshold
Proposal 9: Support MAC CE based dynamic activation/deactivation for a CSI-reportConfig corresponding to a non-serving cell
Event based beam report
The event-based report is widely used for normal handover procedure. For L1/L2 centric mobility, such event-based operation can still be used to facilitate the mobility management, where UE can report some beam information based on MAC CE. For example, when the RSRP from the neighbor cell beam is above the RSRP from current active beam plus an offset, UE can trigger such MAC CE report. Further, UE can also report such MAC CE when some uplink resources for PUSCH are available. Compared to L1 beam report, this can provide good flexibility for UE to report the beam quality. 
Proposal 10: Support MAC CE based beam reporting to facilitate L1/L2 centric inter-cell mobility, which can be triggered by a particular event.
· The event could be the L1-RSRP measured from a neighbor cell SSB is above best L1-RSRP measured for current serving cell SSBs plus an offset
TA measurement
Although there is no consensus to support multiple TA values, to maintain the TA after UE is communicating with non-serving cell for a long time, the PDCCH ordered non-serving cell PRACH should be supported.
Proposal 11: Support PDCCH ordered non-serving cell PRACH for TA measurement with regard to the case that UE is communicating with non-serving cell for a long time and current TA is not accurate enough.
Backoff Mechanism
Currently the TCI update can be based on DCI or MAC CE, where an ACK/NACK can be reported. However, compared to traditional handover, the possibility of miss detection ratio for L1 ACK/NACK could be much higher. Thus, it is necessary to consider backoff mechanisms with regard to ACK/NACK miss detection. There can be the following cases:
· Case 1: ACK is detected as NACK/DTX. In this case, UE may start to communicate with the target cell, while network still tries to communicate with UE from the source cell
· Case 2: NACK/DTX is detected as ACK. In this case, UE may still maintain the communication with the source cell, while network starts to communicate with UE from the target cell.
Some backoff mechanisms needs to be studied with regard to the 2 cases above. 
Proposal 12: Study backoff mechanism with regard to incorrect detection of ACK/NACK with the following cases:
· Case 1: ACK is detected as NACK/DTX. In this case, UE may start to communicate with the target cell, while network still tries to communicate with UE from the source cell
· Case 2: NACK/DTX is detected as ACK. In this case, UE may still maintain the communication with the source cell, while network starts to communicate with UE from the target cell.
TCI indication for inter-cell BM
In RAN1 #106, the following is agreed on TCI indication for inter-cell BM.
	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



The first issue is about the non-UE dedicated channels/signals. The common/dedicated signal can be identified based on the scheduling PDCCH. Currently, there are several types of SSs defined:
-	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI and
-	a USS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI.
Dedicated PDCCH can be transmitted by Type3-PDCCH CSS and USS. Broadcast/groupcast signals can be transmitted by all types of CSS. All signals can be tied to a single CORESET. Thus, it is difficult to distinguish the common PDCCH and dedicated PDCCH. One simple way is to preclude the C-TCI for Type 0/0A/1/2 CSS as well as the associated PDSCH. For such kind of SSs, legacy approach can be used for QCL assumption, and no TCI indication is needed. Another possible way is to configure Type 0/0A/1/2 CSS only for CORESET #0, and the indicated C-TCI is not applicable for CORESET #0.
Proposal 13: For inter-cell BM, the indicated C-TCI should not be applicable for CORESET #0 as well as the PDSCH scheduled by CORESET #0.
· CORESET #0 is only associated with Type 0/0A/1/2 CSS
· Type 0/0A/1/2 CSS should not be associated with other CORESETs

The second issue is whether to increase the number of CORESETs. Since all the common signals only need to take one CORESET, there are still 2 remaining CORESETs for other purpose. This is different from multi-TRP, since multi-TRP supports to transmit the dedicated signals from both TRPs. But inter-cell BM only supports UE to receive dedicated signals from one TRP. Therefore, it is not necessary to increase number of CORESETs for inter-cell BM.
Proposal 14: Do not support to increase number of CORESETs for inter-cell BM.

In addition, it was agreed that separate TCI can be used for inter-cell BM. Since WID defines that UE only needs to communicate with one cell, the indicated UL/DL TCI should be associated with the same cell.
Proposal 15: For inter-cell BM, when separate TCI is used, the indicated UL/DL TCI should be associated with the same cell.
Issue 3: TCI update signaling
Action delay 
Since the TCI update is based on a two-stage signalling, i.e. MAC CE+DCI. One open issue is how to interpret the TCI in DCI if the action delay for MAC CE happens in between the DCI and action time for the DCI as shown in Figure 6. To reduce the beam indication latency, it is better to select the TCI based on the latest MAC CE before the action time for the DCI.
[image: ]
Figure 6: Potential ambiguity for MAC CE + DCI based TCI indication
Proposal 16: The TCI in DCI should be selected based on the latest MAC CE before the action time for the DCI.
In RAN1 #106, the following is agreed on action delay counting.
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, in RAN1#106bis-e, further down select one from the following alternatives for the case of CA:
· Alt1: 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
· Alt2: The first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment
· Alt3: The first slot and the Y symbols are both determined on the UL carrier carrying the acknowledgment.



Based on Alt1 and Alt2, the case that action time locates in the middle of a slot can be avoided. Alt3 cannot always avoid such a case, since UL carrier carrying the ACK may be with a larger SCS than other CCs, e.g. the indicated beam is applied for FR1 while the ACK is transmitted in FR2. For Alt1 and Alt2, since Alt1 is simpler than Alt2, while both can achieve the same functionality, it is better to choose Alt1.
Proposal 17: For action delay, support Alt1, where 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.

ACK for DCI
Currently UE reports HARQ-ACK for the PDSCH triggered by DCI format 1_1/1_2. But when UE reports NACK, gNB cannot identify whether this NACK is because UE failed to decode PDSCH or PDCCH. Thus some ACK mechanisms for the TCI update DCI need to be introduced. 
Usually, all the UE action regarding the DCI can be considered as ACK for the DCI. If the DCI triggered aperiodic SRS transmission and UE transmits the SRS, gNB can assume the DCI is received regardless of whether UE reports an ACK or NACK. In addition, for the downlink slots corresponding to an HARQ codebook, it is not necessary to trigger multiple TCI update signaling. So, one additional bit can be added in the HARQ codebook to indicate whether UE receives an TCI update signaling for the corresponding downlink slots as shown in Figure 7.
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Figure 7: ACK mechanism for TCI update based on Type1 HARQ codebook, where the 5th bit indicates whether UE receives a TCI update or not
Proposal 18: UE shall expect gNB updates TCI at most once in downlink slots corresponding to a HARQ codebook.
· Introduce one additional bit in HARQ codebook to indicate whether UE receives a TCI update in the corresponding downlink slots
· If the DCI to update TCI triggers aperiodic SRS, the additional bit is not reported, where whether UE transmits SRS can be used to determine the HARQ-ACK for the DCI

BFR based on unified TCI framework
The unified TCI has been agreed to be applied at least for all CCs within a band. However current BFR framework is still per CC basis. Such CC specific BFD and BFR would waste UE power quite a lot. Based on the principle of unified TCI state that a common beam should be applied for all CCs within a band, it is better to support band specific BFR compared to legacy CC specific BFR. 
Proposal 19: Support band specific BFR based on unified TCI framework with regard to the principle of unified TCI framework that a common beam should be applied for all CCs within a band.
In addition, currently, the beam for PDCCH can be automatically updated based on the newly identified beam after UE receives BFR response. Since unified TCI is applied for PDCCH as well as other channels, it is reasonable that all other channels that share the same TCI should be updated based on the newly identified beam after UE receives BFR response.
Proposal 20: Support to update the beam for channels/signals that share the same unified TCI as PDCCH to be based on the newly identified beam after UE receives BFR response.

Extension of TCI update for a band group
It was agreed that the TCI update should be applied for all CCs within a band. However, some bands may share the same antennas, and such bands should be based on a common beam as well. As the bands related aspects should be based on different implementation schemes, and it should depend on some RF related designs, it is better to send an LS to RAN4 about the definition of band group.
Proposal 21: Consider to extend the TCI update for a band(s) group
· The definition of band(s) group can be up to RAN4 and send an LS to RAN4 
QCL assumption during CBRA 
For connected mode UE, after transmitting PRACH for CBRA procedure, UE can start to monitor the CORESETs associated with ra-SearchSpace based on the beam associated with PRACH. UE can monitor the Msg4 based on the beam associated with PRACH after it transmits Msg3. After decoding Msg4, UE can reset the beam to be based on the beam indicated by TCI. But there is no decoding latency reserved, so it may be possible that beam mismatch could happen within a time window after Msg3 and after Msg4. Further such behavior is not fully aligned with the principle for unified TCI state, where a common beam is applied for control and data channel in a band. Figure 8 illustrates legacy QCL assumption during CBRA. 
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Figure 8: Legacy QCL assumption during CBRA procedure
Proposal 22: Study to enhance the QCL assumption during and after CBRA procedure for connected mode UE with unified TCI framework to avoid potential beam mismatch and to maintain a common beam for a band.

TCI codepoint
Currently DCI format 1_1/1_2 can be used for beam indication for multiple CCs. However, such DCI can also be used for data scheduling. Thus, UE can still receive a lot of DCI format 1_1/1_2 in different CCs, and many of such DCIs are not used for TCI indication. But the TCI field is still present. To avoid ambiguity, one possible way is to indicate the TCI based on current TCI states for DCI format 1_1/1_2 not used for beam indication. However, this may lead to some problems on TCI indication when the activated TCI states in MAC CE becomes invalid (e.g. after BFR procedure) or updated. Thus, one possible way is to reserve one TCI codepoint to indicate no TCI update. 
Proposal 23: Support one TCI codepoint to indicate “no TCI update” with regard to the case that DCI format 1_1/1_2 is not used for beam indication.

Issue 4: Fast UL Panel Selection
In RAN1 #106, the following agreement on UE initiated panel selection was reached.
	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




The principle for Scheme 1 and Scheme 2 is quite similar. In Scheme 2, an “index” is used to take instead of “panel entity” in Scheme 1. There seems to be less open issues for Scheme 1 compared to Scheme 2. Thus Scheme 1 can be a starting point, but the “panel entity” should be replaced by a more logical term, e.g. “transmission process”.
In addition, for scheme 1, the beam reporting instance should also include the BFRQ, since UE would change the beam after BFR procedure, and it shall also change the corresponding panel.
Moreover, after panel switching, UE cannot transmit the SRS resource set that is not aligned with the number of antenna ports for the corresponding panel. Thus, UE can skip the transmission of such SRS.
Proposal 24: For panel selection, support scheme 1.
· The beam reporting instance should also include BFRQ
· The “panel entity” should be replaced by a more logical term, e.g. “transmission process”
· UE can skip the transmission of SRS that is not aligned with the maximum number of ports for the corresponding panel entity
Issue 5: MPE Mitigation
In RAN1 #106, the following agreement on MPE mitigation is achieved.
	Agreement
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)
· FFS: The supported value(s) of M
· FFS: Whether N represents the number of selected beams or the number of panels
· FFS: Supported values of N
· FFS: Whether beam-specific and/or panel-specific PHR is also reported 
· 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




The first open issue is the value of M. As a result of UE rotation, it is not easy to identify the number of beams that can share the same panel. Thus it is better to report one P-MPR per beam. If the P-MPR is common across some beams, UE can report the same value. Therefore, it is better that M=1.
Proposal 25: Support M=1 for PHR MAC CE enhancement.
Compared to P-MPR, to report some other information like PHR and RSRP can be helpful to improve the uplink performance. No matter whether there is a MPE issue or not, the best metric for beam selection should still be receiving power. So such additional information can be used for gNB to calculate UL RSRP. Table 2 illustrates the system level simulation results for different beam selection schemes. The baseline is beam selection without panel switching, where UE would continue to use the beam with power back-off. The second scheme is to select the beam based on panel specific P-MPR, where the beam is selected based on L1-RSRP minus P-MPR. The third scheme is based on beam specific PHR, which takes PHR into account. The last scheme is based on UL Rx power, where it is assumed that the UE reports something that can help gNB to calculate the Rx power for a corresponding scheduled bandwidth. It can be observed that the UL Rx power based beam selection should still be the best scheme. The detailed simulation assumption is shown in Table A-1 in appendix.
Table 2: System level simulation results for different UL beam selection schemes
	 
	average cell SE (bps/Hz)
	average cell SE (%)
	5% CDF SE (bps/Hz)
	5% CDF SE (%)

	beam selection without panel switching 
(UE level P-MPR)
	3.6012
	100.00%
	0.0855
	100.00%

	beam selection with panel specific P-MPR (DL-RSRP – P-MPR)
	4.1719
	115.85%
	0.1243
	145.36%

	beam selection with beam specific PHR 
(If PHR < 0, PHR is used as metric; otherwise, DL-RSRP is used as metric)
	4.1584
	115.47%
	0.1341
	156.86%

	beam selection based on UL Rx power
(Actual UL-RSRP based beam selection)
	4.2253
	117.33%
	0.139
	162.57%

	 
	50% CDF SE (bps/Hz)
	50% CDF SE (%)
	95% CDF SE (bps/Hz)
	95% CDF SE (%)

	beam selection without panel switching
(UE level P-MPR)
	0.3202
	100.00%
	0.6542
	100.00%

	beam selection with panel specific P-MPR
(DL-RSRP – P-MPR)
	0.3645
	113.82%
	0.734
	112.20%

	beam selection with beam specific PHR
(If PHR < 0, PHR is used as metric; otherwise, DL-RSRP is used as metric)
	0.3995
	124.76%
	0.7175
	109.68%

	beam selection based on UL Rx power
(Actual UL-RSRP based beam selection)
	0.407
	127.09%
	0.7317
	111.86%



As shown in the simulation results, the best metric for UL beam selection with regard to MPE is the uplink RSRP. However, the UL RSRP depends on the power control parameters and scheduling bandwidth. Thus, the UE report should provide enough information for gNB to calculate the UL RSRP. As discussed above, based on PHR and DL L1-RSRP, it is possible for gNB to calculate the UL RSRP for different scheduling decisions.
Proposal 26: Support to report beam-specific virtual PHR as well as DL L1-RSRP in addition to P-MPR
· The virtual PHR should be calculated based on the measured L1-RSRP
Issue 6: Beam tracking latency reduction
In RAN1 #106, the following agreement on beam tracking latency reduction was reached.
	Agreement
On Rel-17 enhancements to facilitate advanced beam refinement/tracking, in Rel-17, further focus study (including down-selection) and, if needed, specification effort on Opt 1-A as agreed in RAN1#105-e (UE -initiated beam selection/activation based on beam measurement and/or reporting, without beam indication or activation from NW) comprising: 
· UE -initiated (DL-only or DL/UL) beam selection, including the following options
· Opt1. The selected beam is reported by an event-triggered UE beam reporting via, e.g. UCI , MAC CE, UL CG, or Type 1/Type 2 CBRA/CFRA
· Opt2. The selected beam is reported by a legacy UE beam report (NW-configured)
· FFS on triggering condition and NW-indication of a beam group in which the UE is allowed to do the beam selection, e.g., the NW-indication via MAC-CE
· FFS : NW confirmation, e.g. if no NW beam selection command overwriting the selected beam is received in a time window after the report
· UE-initiated beam activation based on beam reporting  
· The reported beam(s) are activated as active TCI/spatial relation RS(s) automatically w/o NW activation command after receiving gNB response signalling , e.g. DCI/MAC CE
· FFS : The reported beam is applied directly if the number of supported activated beam by the UE is one and/or after receiving gNB response signaling, or if no NW activation command overwrites the beam(s) activated by the report in a time window after the report
· UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams
· The UE can select an alternative beam from the other beams in the gNB -configured set containing more than one UL beam




The UE initiated beam selection can help to reduce the beam indication overhead and latency, which can achieve a better performance than UE initiated beam activation, since beam indication is still needed for UE initiated beam activation. For UE initiated beam selection, both event-triggered and NW-triggered can be considered, as they have different use cases. For event-triggered, MAC CE based operation could be one possible way, which does not require gNB to reserve any uplink resources. For NW-triggered, legacy beam report can be reused. But both event-triggered and NW-triggered require a response from gNB side. Similar to BFR response, the NW response could be a PDCCH. 
Proposal 27: For advanced beam refinement/tracking, support UE initiated beam selection
· Both Event-triggered and NW-triggered should be supported
· UE can switch to the new beam after it receives a response from gNB, where the response could be a PDCCH
Conclusion
In this contribution, we discussed some remaining issues on beam management enhancement. Based on the discussion, the following proposals have been achieved.
Issue 1
Proposal 1: With regard to the source reference signal for Common unified TCI (C-TCI), only the following configuration is supported in Rel-17
· TRS is configured as source RS for QCL-TypeA, and CSI-RS for BM is configured as source RS for QCL-TypeD
· TRS is configured as source RS for QCL-TypeA + QCL-TypeD
Proposal 2: For intra-cell BM, the source reference signal for C-TCI should be QCLed with one SSB in order to identify the monitoring occasion for SS#0 when PCell is the target serving cell.
Proposal 3: With regard to the target reference signal for Common unified TCI (C-TCI), the following should be supported in addition to aperiodic CSI-RS for CSI/BM and PDCCH/PDSCH:
· Aperiodic TRS
· Periodic CSI-RS without QCL configuration
Proposal 4: The PL-RS should be SSB or periodic 1-port CSI-RS for BM or tracking.
Proposal 5: With regard to different performance requirement for URLLC and eMBB, support one unified UL/joint TCI state to be associated with 2 sets of power control parameters, i.e. P0, alpha and closed-loop process index, and support to select the power control parameter set by DCI.
Proposal 6: For TCI states pool sharing, the “[configured] CCs/BWPs” should be “CCs/BWPs at least within a band”
· Send an LS to RAN4 to ask which bands can share a common beam
Proposal 7:  DL/UL/Joint TCI states should be configured in different TCI states pools, where gNB should not configure joint TCI states and separate TCI states simultaneously for CCs at least within a band.

Issue 2
Proposal 8: UE is only required to perform L1 measurement on candidate cell instead of all non-serving cells
· A candidate cell can be defined as a cell that UE may potentially switch to, which is with a L3 measurement result above a threshold
Proposal 9: Support MAC CE based dynamic activation/deactivation for a CSI-reportConfig corresponding to a non-serving cell
Proposal 10: Support MAC CE based beam reporting to facilitate L1/L2 centric inter-cell mobility, which can be triggered by a particular event.
· The event could be the L1-RSRP measured from a neighbor cell SSB is above best L1-RSRP measured for current serving cell SSBs plus an offset
Proposal 11: Support PDCCH ordered non-serving cell PRACH for TA measurement with regard to the case that UE is communicating with non-serving cell for a long time and current TA is not accurate enough.
Proposal 12: Study backoff mechanism with regard to incorrect detection of ACK/NACK with the following cases:
· Case 1: ACK is detected as NACK/DTX. In this case, UE may start to communicate with the target cell, while network still tries to communicate with UE from the source cell
· Case 2: NACK/DTX is detected as ACK. In this case, UE may still maintain the communication with the source cell, while network starts to communicate with UE from the target cell.
Proposal 13: For inter-cell BM, the indicated C-TCI should not be applicable for CORESET #0 as well as the PDSCH scheduled by CORESET #0.
· CORESET #0 is only associated with Type 0/0A/1/2 CSS
· Type 0/0A/1/2 CSS should not be associated with other CORESETs
Proposal 14: Do not support to increase number of CORESETs for inter-cell BM.
Proposal 15: For inter-cell BM, when separate TCI is used, the indicated UL/DL TCI should be associated with the same cell.

Issue 3
Proposal 16: The TCI in DCI should be selected based on the latest MAC CE before the action time for the DCI.
Proposal 17: For action delay, support Alt1, where 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.
Proposal 18: UE shall expect gNB updates TCI at most once in downlink slots corresponding to a HARQ codebook.
· Introduce one additional bit in HARQ codebook to indicate whether UE receives a TCI update in the corresponding downlink slots
· If the DCI to update TCI triggers aperiodic SRS, the additional bit is not reported, where whether UE transmits SRS can be used to determine the HARQ-ACK for the DCI
Proposal 19: Support band specific BFR based on unified TCI framework with regard to the principle of unified TCI framework that a common beam should be applied for all CCs within a band.
Proposal 20: Support to update the beam for channels/signals that share the same unified TCI as PDCCH to be based on the newly identified beam after UE receives BFR response.
Proposal 21: Consider to extend the TCI update for a band(s) group
· The definition of band(s) group can be up to RAN4 and send an LS to RAN4 
Proposal 22: Study to enhance the QCL assumption during and after CBRA procedure for connected mode UE with unified TCI framework to avoid potential beam mismatch and to maintain a common beam for a band.
Proposal 23: Support one TCI codepoint to indicate “no TCI update” with regard to the case that DCI format 1_1/1_2 is not used for beam indication.

Issue 4
Proposal 24: For panel selection, support scheme 1.
· The beam reporting instance should also include BFRQ
· The “panel entity” should be replaced by a more logical term, e.g. “transmission process”
· UE can skip the transmission of SRS that is not aligned with the maximum number of ports for the corresponding panel entity

Issue 5
Proposal 25: Support M=1 for PHR MAC CE enhancement.
Proposal 26: Support to report beam-specific virtual PHR as well as DL L1-RSRP in addition to P-MPR
· The virtual PHR should be calculated based on the measured L1-RSRP

Issue 6
Proposal 27: For advanced beam refinement/tracking, support UE initiated beam selection
· Both Event-triggered and NW-triggered should be supported
· UE can switch to the new beam after it receives a response from gNB, where the response could be a PDCCH

Appendix – Simulation Assumption
Table A-1: Simulation Assumption for Beam Management for issue 5
	Parameter
	Value

	Scenario
	Dense Urban Macro

	Number of BS
	21

	Number of UE 
	210

	gNB antenna architecture (M, N, P, Q)
	(4, 8, 2, 2)

	UE antenna architecture (M, N, P, Q, Mg, Ng)
	(1, 4, 2, 2, 1, 3)

	UE speed
	3 km/h for indoor and 30km/h for outdoor

	Indoor UE percentage
	80%

	System bandwidth
	80 MHz

	Handover margin
	0 dB

	Carrier frequency
	30 GHz

	gNB noise figure
	7 dB

	UE maximum Tx power
	23 dBm

	UL power control parameters
	P0 = -90dBm, alpha = 0.9

	Subcarrier spacing
	120 kHz

	Blockage modeling
	Randomly selecting 1 panel to be blocked with additional 10dB pathloss

	Power back-off
	P-MPR = 10dB for the blocked panel

	UE and panel orientation 
	Vertical but random in azimuth

	Traffic model
	Full buffer

	MIMO mode
	SU-MIMO

	Transmission scheme
	Codebook based

	Scheduler 
	PF
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