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Introduction
In this contribution, we discuss the beam-management-related enhancements.
 [Issue1] Unified TCI framework 
2.1 Unified TCI state in CA
In RAN1#106e, following agreement was made.
	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


In the agreement, there is one [ ] of “a set of [configured] CCs/BWPs”. One simple option is to remove [ ], which means the list of CCs/BWPs is RRC-configured. Another option is to remove [configured], however, it makes confusion how to derive the set of CCs/BWPs (e.g. all CCs/BWPs in the same frequency band is assumed as the set of CCs/BWPs). We believe former is simpler and more flexible to configure the list of CCs/BWPs. We also note that “configured CCs/BWPs” is aligned with the following agreement in RAN1#105e.
	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 


Another FFS point of agreement for CA in RAN1#106e is “How to define reference BWP/CC”. Two options can be considered.
· Opt. 1: The single BWP/CC configured with TCI pool is the reference BWP/CC for the corresponding set of BWP/CCs. 
· Opt.2: The lowest BWP/CC ID configured with TCI pool is the reference BWP/CC for the corresponding set of BWP/CCs. 
In Opt.2, gNB is required to configure TCI state list on the lowest BWP/CC ID. We believe there is not necessary to make such restriction, and it is up to gNB implementation, on which BWP/CC gNB configures the TCI state list.
Proposal 2-1:
· In the agreement of unified TCI framework in CA in RAN1#106e: 
· Remove [ ] of “a set of [configured] CCs/BWPs”, which means a list of CCs/BWPs is RRC-configured.
· The single BWP/CC configured with TCI pool is the reference BWP/CC for the corresponding set of CCs.

In RAN1#105e, it was agreed that PL-RS is associated/included-in UL/joint TCI state. Since TCI state pool can be CC-common and CC-specific, how to indicate PL-RS on each CC should be discussed. In Rel.15/16, PL-RS is configured per BWP in a CC, PL-RS for PDSCH/PUCCH/SRS is on the same BWP/CC as PDSCH/PUCCH/SRS. However, for CC-common TCI state pool, TCI state list for some BWPs/CCs is absent, as in figure 2-1, how to derive the PL-RS on each CC for CC-common TCI state pool should be discussed. 
Proposal 2-2:
· For CC-common TCI state pool in unified TCI framework in CA, specify how to derive PL-RS for PDSCH/PUCCH/SRS on each BWP/CC.
· When RRC-configured TCI state pool(s) is 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:
· Alt.1: PL-RS associated/included-in UL/joint TCI state in a reference BWP/CC is used for PL calculation for the set of configured BWPs/CCs.
· Note: BWP/CC of PL-RS can be different from BWP/CC of the target PUSCH/PUCCH/SRS.
· Alt.2: PL-RS associated/included-in CC-specific QCL type A/D RS on each BWP/CC is used for PL calculation for each BWP/CC in the set of configured BWPs/CCs.
· Note: BWP/CC of PL-RS is the same as BWP/CC of the target PUSCH/PUCCH/SRS.
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a) CC-specific TCI configuration (same as R15)            b) TCI configuration across BWPs/CCs
Figure 2-1: illustration of CC-specific/CC-common TCI state pool for unified TCI framework in CA. 

2.1 SRI field in unified TCI
For PUSCH TPC in Rel.15/16, SRI (and SRI field in DCI format 0_1/0_2) indicates PL-RS, the setting of (P0, alpha, closed loop index), and spatial relation for PUSCH. On the other hand, in unified TCI framework in Rel.17, TCI state (and TCI state field in DCI format 1_1/1_2) indicates PL-RS, the setting of (P0, alpha, closed loop index), and spatial relation for PUSCH. We should discuss whether and how SRI (and SRI field in DCI format 0_1/0_2) is used in the unified TCI framework. In our view, SRI (and SRI field in DCI format 0_1/0_2) is redundant and not needed in unified TCI framework in Rel.17. 
Proposal 2-3:
· When unified TCI (joint TCI or UL TCI) is configured for PUSCH, SRI is not used to indicate TPC and spatial relation for PUSCH.
· SRI is not used for the PUSCH.
· SRI field in DCI format 0_1/0_2 does not exist.
· Note: PL-RS, P0, alpha, and CL-loop ID of PUSCH are indicated by TCI state field in DCI format 1_1/1_2. 

2.2 RLM/BFD RS in unified TCI
We need to discuss whether BFD RS/RLM RS can be implicitly updated by DCI in unified TCI framework. In Rel.15/16, usually the BFD/RLM RS was not explicitly configured by RRC, so that UE can derive BFD/RLM RS implicitly by TCI state of a certain CORESET, otherwise it was not possible for gNB to update RLM/BFD RS by MAC CE. 
In unified TCI framework, the common/unified TCI, which is applied to all or subset of CORESETs, can be updated by DCI. Hence, based on the current spec., it means BFD/RLM RS can be updated by the beam indication DCI.
Observation 2-1:
· In Rel.15/16, if RLM/BFD RS is not configured by RRC, RLM/BFD RS is implicitly derived from TCI state of a certain CORESET.
· In unified TCI framework, TCI state of all or subset of CORESETs can be updated by DCI.
· This means BFD/RLM RS can be updated by DCI, based on the current spec.

However, we believe the monitoring RS for BFD/RLM should be selected from L2 or L3 level signaling, rather than L1 dynamic signaling. Hence, the discussion would be needed.

Proposal 2-4:
· For RLM/BFD RS in unified TCI framework, discuss from the following options:
· Opt.1: if RLM/BFD RS is not configured, RLM/BFD RS can be implicitly derived from TCI state of a certain CORESET (same as R15/16).
· Opt. 1-1: RLM/BFD RS can be updated by DCI, if the unified TCI, which applies to the CORESET, is updated by DCI.
· Opt. 1-2: RLM/BFD RS can NOT be updated by DCI, i.e. modify the implicit determination rule of RLM/BFD RS and make an exception of CORESETs whose QCL is updated by DCI.
· Opt.2: introduce new MAC CE to update RLM/BFD RS explicitly.

[Issue2] L1/L2-centric inter-cell mobility 
3.1 Separate DL/UL TCI
In RAN1#106e meeting, following agreement was made.
	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


In the FFS part (For separate DL/UL TCI, whether the indicated DL TCI and UL TCI are associated with SSBs of a same physical cell ID), we believe there is no need to restrict that indicated DL TCI and UL TCI are associated with SSB of the same PCI.
Proposal 3-1:
· For separate DL/UL TCI for inter-cell beam management, there is no need to restrict that indicated DL TCI and UL TCI are associated with SSB of the same PCI.

3.2 The number of PCIs for UE capability reporting
In RAN1#106e meeting, following agreement was made.
	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



In the FFS part, we believe Opt.1 should be agreed. In Opt.1, when UE report 1 PCI, it means that gNB can activate TCI states associated with one PCI. Thus, MAC CE can switch PCI associated with TCI states. However, in Opt.2, when UE reports 1 PCI, it means that gNB can only activate TCI states associated with PCI for serving cell. It means that L1/L2 inter cell beam management is not supported. We think this kind of UE capability reporting is meaningless, because if UE does not report the UE capability, it means L1/L2 inter cell beam management is not supported. Also, we need to define the number of PCIs is counted per BWP, per CC, or per band etc. We think it is more appropriate to count it per BWP, because when L1/L2 inter cell mobility is configured with a given BWP, other BWP(s) in the same CC may not be configured with L1/L2 inter cell mobility.
Proposal 3-2:
· For a UE feature on how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states, if UE is configured for only one physical cell ID, support Opt.1:
· 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
· The number of PCIs associated with the activated TCI states is counted per BWP per CC.

3.3 Re-indexing PCIs
To support TCI state configuration associated with non-serving cell, one simple option is to configure PCI directly in QCL/TCI state. However, configuring PCI directly in QCL/TCI state has large RRC overhead. One PCI has 10-bit in RRC signaling. If we have 64 TCI states configurations from non-serving cell, it costs 640-bit. In addition, when we configure non-serving SSB in L1 beam measurement/reporting, each CMR of non-serving SSB will cause 10-bits. The total overhead will be quite large. On the other hand, we can re-index PCI to a new ID, and we can configure the new ID in the QCL/TCI state/CMR instead. With the new ID, if there is only one non-serving cell, new ID of 1-bit is sufficient to indicate the non-serving cell, and new ID of 2-bit is sufficient to indicate up to 3 non-serving cells. Re-indexing the PCI to the new ID saves large signaling overhead.
In AI 8.1.2.2, following agreement was made in RAN1#106e, and new ID for PCI is agreed. We believe the same mechanism should be reused for L1/L2 inter cell mobility.
	Agreement (in AI 8.1.2.2)
Introduce a new RRC indicator/signalling (e.g., re-index the non-serving cell) 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
· Detailed signalling design is up to RAN2


Proposal 3-3:
· For PCI indication for L1/L2-centric inter cell mobility, reuse the same mechanism of agreement in AI 8.1.2.1.
· Introduce a new RRC indicator/signalling (e.g., re-index the non-serving cell) 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 
· Detailed signalling design is up to RAN2

3.4 The number of configurable PCIs in a CC
In RAN1#106e meeting, following agreement was made in AI 8.1.2.2.
	Agreement (in AI 8.1.2.2)
Rel. 17 inter-cell MTRP , the maximum number of additional RRC -configured PCIs  per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS : Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States


Since more than 1 configurable PCIs are agreed in AI 8.1.2.2, we believe L1/L2 inter cell mobility also supports more than one PCIs. Since additional PCI can be reported as a new RRC indicator/signaling (e.g., re-index the non-serving cell), 2-bit can indicate one out of 3 additional PCI and 1 serving-cell PCI, 3-bit can indicate one out of 7 additional PCI and 1 serving-cell PCI. Larger value is preferable for us, and we believe at least 7 additional PCI should be supported.
Proposal 3-4:
· For L1/L2 inter cell mobility, the maximum number of additional RRC-configured PCIs per CC is denoted Y and can be reported as a UE capability
· At least Y=7 is supported.

3.5 The number of PCIs for beam measurement/reporting
In RAN1#106e meeting, following agreement was made.
	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


As agreed in AI 8.1.2.2, the maximum number of configurable PCIs is agreed as more than 1 for multi TRP inter-cell, UE should be able to measure/report more than 1 additional PCIs.
Proposal 3-5:
· 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) as,
· 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

3.6 Event-driven beam reporting
For event-driven beam reporting, following agreement was made in RAN1#106e.
	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


One drawback of supporting L1/L2 inter cell beam management is potential larger UCI overhead of L1-beam reporting. In Rel.15, UE reports L1-beam reporting for serving cell only. However, in L1/L2 inter cell beam management, UE reports L1-beam reporting of multiple PCIs. If we support MAC CE based event-driven beam reporting for PCIs, associated with non-serving cells, UCI overhead and/or frequency of L1-beam reporting can be reduced. In event-driven beam reporting, if the pre-determined condition is met, UE reports event-driven beam reporting, separately from the usual L1-beam reporting. 
Between UCI (Alt.1) and MAC CE (Alt.2), we believe MAC CE is more appropriate. In UCI, to avoid blind detection of PUCCH payload at gNB, Rel.15/16 spec. is designed as both gNB and UE have the common understanding of the size of UCI. In case of event-driven beam reporting on UCI, we assume UCI payload is different according to the UE’s event, and gNB will be required to blind detect the size of UCI. On the other hand, there is no such a problem if we use MAC CE (Alt.2).
Regarding to the event condition, we can re-use existing one or multiple events for RRM in TS 38.331 to trigger aperiodic L1 beam reporting. Following events can be considered based on L1 measurement results: 
· Event A2 (Serving cell becomes worse than threshold)
· Event A3 (Neighbour cell becomes offset better than SpCell)
· Event A4 (Neighbour cell becomes better than threshold)
· Event A5 (SpCell becomes worse than threshold1 and neighbour cell becomes better than threshold2)
· Event A6 (Neighbour cell becomes offset better than SCell)
· Event I1 (Interference becomes higher than threshold).
Proposal 3-6:
· Support MAC CE based event-driven beam reporting (Alt.2). 
· For the event condition, we can use existing one or multiple events for RRM in TS 38.331 to trigger aperiodic L1 beam reporting. Following events can be considered: 
· Event A2 (Serving cell becomes worse than threshold)
· Event A3 (Neighbour cell becomes offset better than SpCell)
· Event A4 (Neighbour cell becomes better than threshold)
· Event A5 (SpCell becomes worse than threshold1 and neighbour cell becomes better than threshold2)
· Event A6 (Neighbour cell becomes offset better than SCell)
· Event I1 (Interference becomes higher than threshold).

3.7 Rate matching around non-serving cell SSB 
Whether to apply the rate matching between serving cell and cells with additional PCIs is not agreed yet. In our understanding, rate matching of PDSCH/PDCCH around SSB is only needed within the same cell, and there is no need to consider rate matching across cells (e.g., between serving cell and a cell with additional PCI, or between two additional PCI cells), which would decrease resource efficiency.
Proposal 3-7:
· PDSCH/PDCCH from a cell with a given PCI (serving cell or a cell with additional PCI) should not be rate-matched around SSB from a cell with different PCI from the given PCI (serving cell or a cell with additional PCI).

[Issue3] Signaling of unified TCI framework
For beam application time (BAT), following agreements were made in RAN1#106e.
	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, 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.


On the 2nd agreement, the motivation is to align the same QCL-type D RS beam for all CCs in CA, so that UE can appropriately receive the PDSCHs across CCs in CA. However, “for the case of CA” in the agreement is not clear for us, i.e. for a given CC, the same BAT is applied or not, irrespective of CA or non-CA. It is because whether CA or non-CA depends on dynamic scheduling of PDSCH/PUSCH on each slot, and the agreement looks like BAT for a given CC is dynamically changed for each slot, depending on the dynamic scheduling of PDSCH/PUSCH.
Proposal 4-1:
· On agreement for BAT in RAN1#106e, clarify the meaning of “for the case of CA” from the following.
· Alt. A: For a given CC, the same BAT is applied, irrespective of CA or non-CA.
· Modify “for the case of CA” to “for a set of configured BWPs/CCs”
· Alt. B: For a given CC, the different BAT is applied, depending on CA or non-CA.
· Note: for non-CA case, BAT is dynamically changed depending on the dynamic scheduling of PDSCH/PUSCH.
On proposal 4-1, we support Alt. A, because BAT should not dynamically changed, depending on the PDSCH/PUSCH scheduling.

On the agreement for BAT in RAN1#106, since the motivation of the proposal is to align BAT across multiple CCs for PDSCH or across multi CCs for PUSCH, we support Alt.1.
Proposal 4-2:
· On Rel-17 DCI-based beam indication, regarding application time of the beam indication, in RAN1#106bis-e, select the following alternative for the case of CA a set of configured BWPs/CCs:
· 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

[Issue 4] Fast UL panel selection
	Agreement
On Rel.17 enhancements for MPUE, investigate and, if needed, specify the following:
· UE reporting of panel-specific information as a UE capability, for example:
· Information related to the total number of DL/UL panel entities
· Information related to the number of (max) antenna ports/layers per panel entity
· Information related to the maximum number of resources per panel entity for SRS BM
· Information related to panel selection delay
· Information related to panel activation delay 
· UE reporting information related to minimal activation/selection delay for a panel based on L1 or L2 signaling
· UE reporting of panel activation/selection status of a panel entity, e.g. active state for both DL and UL, or active state for DL only
· FFS: details of this information (e.g. minimal activation/selection delay for a panel) and signaling (e.g. L1 or L2 signaling)
· UE-reported information in MPE report (if supported) is used to indicate the minimal activation/selection delay and panel activation/selection status 
· Note: above ‘panel entity’ is a logical entity and how to map physical panels to the logical entities is up to UE implementation
· Note: This will depend on the final outcome of whether specification support for UE-initiated panel activation/selection is agreed 
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 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 the last meeting, two schemes were discussed to facilitate UE-initiated panel activation and selection. With either scheme 1 or scheme 2, gNB can be made aware of correspondence between CSI-RS/SSB and supported number of ports/coherence type, so that gNB can make proper configuration of UL Tx. Thus, either scheme 1 or scheme 2 can be supported.
In scheme 2, it was agreed that an index can be included in beam reporting. In scheme 1, how to inform the correspondence between CSI-RS/SSB and panel to NW needs further study. From our perspective, in scheme 1, a panel entity identifier can be included in beam reporting. Meanwhile, considering UE may activate multiple panels and different SSBRI/CSI may correspond to different panel, in scheme 1 or scheme 2, each SSBRI/CRI in beam reporting can be associated with a panel entity identifier or index, and different SSBRI/CRI can be associated with different panel entity identifier or index.
Proposal 5-1: 
· Support either scheme1 or scheme2.
· In Scheme1 or scheme2, each SSBRI/CRI in beam reporting can be associated with a panel entity identifier (scheme1) or index (scheme2). Different SSBRI/CRI can be associated with different panel entity identifier or index.

In previous meetings, it was agreed to further study whether to support UE reporting of panel state. From our perspective, it is beneficial to align the information of UE panel states between UE and gNB. Without the information aligned, if a panel is deactivated by UE and not aware of by gNB, gNB may configure improper beam for UL Tx, e.g., gNB may expect UL Tx with beams from an inactive panel. And if a panel is activated by UE and not aware of by gNB, gNB may not configure optimum beam for UL Tx if the optimum beam is from an active panel unaware by gNB. Thus, UE shall report panel state, e.g., active/inactive, to gNB. Since panel activation/deactivation is up to UE, the report of panel states can be UE initiated and transmitted via MAC CE, e.g., a report is triggered when a panel is activated/deactivated by UE. Furthermore, UE behaviour on an active/inactive panel needs to be studied. For an inactive UE panel, it needs to be further studied whether the panel is inactive for both UL Tx and DL Rx, or the panel is inactive only for UL Tx while can be active for DL Rx. 
Proposal 5-2: 
· Support UE to report panel state (e.g., active/inactive) to gNB. 
· The report of panel state can be triggered by UE and reported via MAC CE.

[Issue 5] MPE mitigation
	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


In the last meeting, it was agreed to report N≥1 P-MPR values in PHR MAC CE. To facilitate UL beam selection, it is straightforward that the P-MPR values are reported per beam, i.e., M=1. Thus, we support to confirm the working assumption with M=1.
Proposal 6-1: 
· Confirm the working assumption for MPE with M=1.

From UL transmission power determination as below, it can be observed that UL transmission power is affected by MPE issue only when PCMAX is less than target transmission power configured by network.
[image: ] [dBm]
Thus, when PCMAX is larger than target transmission power, UL beam can be selected based on DL L1-RSRP. When PCMAX is less than target transmission power, it is beneficial that UL beam is selected based on PCMAX or P-MPR. Therefore, to provide enough information to network for best UL beam selection, DL L1-RSRP can be reported in addition to P-MPR.
Proposal 6-2:
· DL RSRP for each SSBRI/CRI can be reported in addition to P-MPR.

Furthermore, how to select best UL beams according to DL L1-RSRP and P-MPR need to be discussed. Following options of best UL beam selection can be considered. We assume that N best UL beams are selected and reported.
Option1: N best beams are selected according to DL L1-RSRP. A drawback of option1 is that UL beams with less P-MPR may not be selected so that MPE issue cannot be alleviated. For example, in the case shown in Table 6-1, if N=2 UL beams are reported, beam#1 and beam#2 may be selected according to DL L1-RSRP, but the beams are not the best beams considering MPE issue.
Option2: N best beams are selected according to P-MPR. A drawback of option2 is that as in previous analysis, when PCMAX is larger than target UL Tx power, UL performance is not affected by MPE issue, so that UL beam with better DL L1-RSRP can be selected, however, with option2, among a set of beams that PCMAX is larger than target UL Tx power, UL beams with better DL L1-RSRP may not be selected. For example, in the case shown in Table 6-1, if N=1 UL beam is reported, beam#3 may be selected, however between beam#3 and beam#4 since they both may not have MPE issue, beam#4 with higher DL L1-RSRP is better to be selected.
Option3: N best beams are selected according to both P-MPR and DL L1-RSRP. More specifically, a set of L beams with P-MPR less than a threshold can be selected first, and among the L beams, N best beams can be selected according to DL L1-RSRP. If no more than N beams with P-MPR less than a threshold can be found, N best beams can be selected according to P-MPR. With this option, beams with less MPE issue can be selected, and among the beams without MPE issue, beams with higher DL L1-RSRP can be selected. For example, in the case shown in Table 6-1, if N=1 UL beam is reported, first beam#3 and beam#4 with P-MPR less than a threshold can be selected, and then between beam#3 and beam#4, beam#4 with higher DL L1-RSRP can be selected.
Table 6-1: Example of beam selection based on P-MPR and DL L1-RSRP.
	Beam1
	P-MPR = 10
	L1-RSRP = 9

	Beam2
	P-MPR = 11
	L1-RSRP = 10

	Beam3
	P-MPR = 0
	L1-RSRP = 1

	Beam4
	P-MPR = 1
	L1-RSRP = 5


Proposal 6-3:
· In UL beam selection, select best N beams according to both P-MPR and DL L1-RSRP. For example, first select a set of L beams with P-MPR less than a threshold, and then among the L beams, select N beams according to DL L1-RSRP. If there are no more than N beams with P-MPR less than a threshold, select N beams according to P-MPR.

Regarding reporting mechanism, UE initiated P-MPR report via MAC CE is beneficial when MPE event occurs. In addition to UE initiated report, NW-initiated report can also be supported to avoid MPE issue from happening. With CSI reporting framework, periodic/semi-persistent/aperiodic report of best UL beams can be configured by NW. 
Proposal 6-4: 
· Support UL beam reporting via NW initiated CSI reporting framework 

 [Issue 6] Another category
Following agreement was made in RAN1#105-e. 
	Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, focus study (including down-selection) and, if needed, specification effort on the following options:
· Group 1: Aim for at most one solution for Group 1 in Rel-17 to address issue 6
· Opt 1-A. UE-initiated beam selection/activation based on beam measurement and/or reporting (without beam indication or activation from NW)
· Opt 1-B. Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-C. Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Group 2: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-C: One-shot timing update for TCI state update



7.1 Group1: UE-initiated beam selection/activation
One issue we have identified in our network is how to keep the beam connection and avoid beam failure. One possible way is to trigger beam reporting frequently, however it makes large resource overhead. Frequent “periodic” beam reporting is not preferred, but for “aperiodic” beam reporting, frequent triggering is difficult due to PDCCH capacity/blockage. If 3GPP spec. can solve the issue, we believe it is very useful for operators.
In UE-initiated beam selection/activation or “event trigger” beam selection, if some condition is met, UE can send beam reporting based on UE’s decision. In that case, gNB does not need to configure frequent beam reporting based on Rel.15/16 spec. and the above issue can be solved. 
In RAN1#106e, following agreement was made.
	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


We believe the UE-initiated (DL-only or DL/UL) beam selection and UE-initiated beam activation are beneficial. In UE-initiated (DL-only or DL/UL) beam selection, we believe MAC CE based Opt.1 is useful, and the MAC CE can be analogous to BFR MAC-CE in Rel.16.
Proposal 7-1:
· Support Opt 1-A: UE-initiated beam selection based on beam reporting (without beam indication or activation from NW).
· 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 MAC CE, where the MAC-CE can be analogous to BFR MAC-CE.
· 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

7.3 Group2: TCI state activation delay
In TS38.133, TCI state activation delay is specified. Based on TS38.133, UE needs to wait for the reception of the SSB corresponding to the activated TCI state, even the TCI state is “known”. Here, the SSB periodicity is typically 20ms, this activation delay will be dominant in most of cases in the beam management delay. We believe it is also important to inform the issue and solution to RAN4.
Proposal 7-2: 
· Support Opt 2-1A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking.
· UE can be configured to store the QCL properties of the root SSB (i.e. QCL-Type D SSB of QCL-Type D RS of the TCI state for PDCCH), so that UE does not need to wait for the reception of the next SSB corresponding to the activated TCI state.
· If the QCL properties of the root SSB associated with the newly activated TCI state is already stored, UE updates TCI state assumption without waiting the next SSB reception.
· Send LS to RAN4 to inform the issue and the solution.

Conclusion
In this contribution, we discussed the enhancements on beam management. Based on the discussion, we made the following proposals.
[Issue1]
Proposal 2-1:
· In the agreement of unified TCI framework in CA in RAN1#106e: 
· Remove [ ] of “a set of [configured] CCs/BWPs”, which means a list of CCs/BWPs is RRC-configured.
· The single BWP/CC configured with TCI pool is the reference BWP/CC for the corresponding set of CCs.
Proposal 2-2:
· For CC-common TCI state pool in unified TCI framework in CA, specify how to derive PL-RS for PDSCH/PUCCH/SRS on each BWP/CC.
· When RRC-configured TCI state pool(s) is 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:
· Alt.1: PL-RS associated/included-in UL/joint TCI state in a reference BWP/CC is used for PL calculation for the set of configured BWPs/CCs.
· Note: BWP/CC of PL-RS can be different from BWP/CC of the target PUSCH/PUCCH/SRS.
· Alt.2: PL-RS associated/included-in CC-specific QCL type A/D RS on each BWP/CC is used for PL calculation for each BWP/CC in the set of configured BWPs/CCs.
· Note: BWP/CC of PL-RS is the same as BWP/CC of the target PUSCH/PUCCH/SRS.
Proposal 2-3:
· When unified TCI (joint TCI or UL TCI) is configured for PUSCH, SRI is not used to indicate TPC and spatial relation for PUSCH.
· SRI is not used for the PUSCH.
· SRI field in DCI format 0_1/0_2 does not exist.
· Note: PL-RS, P0, alpha, and CL-loop ID of PUSCH are indicated by TCI state field in DCI format 1_1/1_2. 
Observation 2-1:
· In Rel.15/16, if RLM/BFD RS is not configured by RRC, RLM/BFD RS is implicitly derived from TCI state of a certain CORESET.
· In unified TCI framework, TCI state of all or subset of CORESETs can be updated by DCI.
· This means BFD/RLM RS can be updated by DCI, based on the current spec.
Proposal 2-4:
· For RLM/BFD RS in unified TCI framework, discuss from the following options:
· Opt.1: if RLM/BFD RS is not configured, RLM/BFD RS can be implicitly derived from TCI state of a certain CORESET (same as R15/16).
· Opt. 1-1: RLM/BFD RS can be updated by DCI, if the unified TCI, which applies to the CORESET, is updated by DCI.
· Opt. 1-2: RLM/BFD RS can NOT be updated by DCI, i.e. modify the implicit determination rule of RLM/BFD RS and make an exception of CORESETs whose QCL is updated by DCI.
· Opt.2: introduce new MAC CE to update RLM/BFD RS explicitly.
[Issue2]
Proposal 3-1:
· For separate DL/UL TCI for inter-cell beam management, there is no need to restrict that indicated DL TCI and UL TCI are associated with SSB of the same PCI.
Proposal 3-2:
· For a UE feature on how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states, if UE is configured for only one physical cell ID, support Opt.1:
· 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
· The number of PCIs associated with the activated TCI states is counted per BWP per CC.
Proposal 3-3:
· For PCI indication for L1/L2-centric inter cell mobility, reuse the same mechanism of agreement in AI 8.1.2.1.
· Introduce a new RRC indicator/signalling (e.g., re-index the non-serving cell) 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 
· Detailed signalling design is up to RAN2
Proposal 3-4:
· For L1/L2 inter cell mobility, the maximum number of additional RRC-configured PCIs per CC is denoted Y and can be reported as a UE capability
· At least Y=7 is supported.
Proposal 3-5:
· 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) as,
· 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
Proposal 3-6:
· Support MAC CE based event-driven beam reporting (Alt.2). 
· For the event condition, we can use existing one or multiple events for RRM in TS 38.331 to trigger aperiodic L1 beam reporting. Following events can be considered: 
· Event A2 (Serving cell becomes worse than threshold)
· Event A3 (Neighbour cell becomes offset better than SpCell)
· Event A4 (Neighbour cell becomes better than threshold)
· Event A5 (SpCell becomes worse than threshold1 and neighbour cell becomes better than threshold2)
· Event A6 (Neighbour cell becomes offset better than SCell)
· Event I1 (Interference becomes higher than threshold).
Proposal 3-7:
· PDSCH/PDCCH from a cell with a given PCI (serving cell or a cell with additional PCI) should not be rate-matched around SSB from a cell with different PCI from the given PCI (serving cell or a cell with additional PCI).
[Issue3]
Proposal 4-1:
· On agreement for BAT in RAN1#106e, clarify the meaning of “for the case of CA” from the following.
· Alt. A: For a given CC, the same BAT is applied, irrespective of CA or non-CA.
· Modify “for the case of CA” to “for a set of configured BWPs/CCs”
· Alt. B: For a given CC, the different BAT is applied, depending on CA or non-CA.
· Note: for non-CA case, BAT is dynamically changed depending on the dynamic scheduling of PDSCH/PUSCH.
Proposal 4-2:
· On Rel-17 DCI-based beam indication, regarding application time of the beam indication, in RAN1#106bis-e, select the following alternative for the case of CA a set of configured BWPs/CCs:
· 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
[Issue4]
Proposal 5-1: 
· Support either scheme1 or scheme2.
· In Scheme1 or scheme2, each SSBRI/CRI in beam reporting can be associated with a panel entity identifier (scheme1) or index (scheme2). Different SSBRI/CRI can be associated with different panel entity identifier or index.
Proposal 5-2: 
· Support UE to report panel state (e.g., active/inactive) to gNB. 
· The report of panel state can be triggered by UE and reported via MAC CE.
[Issue5]
Proposal 6-1: 
· Confirm the working assumption for MPE with M=1.
Proposal 6-2:
· DL RSRP for each SSBRI/CRI can be reported in addition to P-MPR.
Proposal 6-3:
· In UL beam selection, select best N beams according to both P-MPR and DL L1-RSRP. For example, first select a set of L beams with P-MPR less than a threshold, and then among the L beams, select N beams according to DL L1-RSRP. If there are no more than N beams with P-MPR less than a threshold, select N beams according to P-MPR.
Proposal 6-4: 
· Support UL beam reporting via NW initiated CSI reporting framework 
[Issue6]
Proposal 7-1:
· Support Opt 1-A: UE-initiated beam selection based on beam reporting (without beam indication or activation from NW).
· 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 MAC CE, where the MAC-CE can be analogous to BFR MAC-CE.
· 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
Proposal 7-2: 
· Support Opt 2-1A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking.
· UE can be configured to store the QCL properties of the root SSB (i.e. QCL-Type D SSB of QCL-Type D RS of the TCI state for PDCCH), so that UE does not need to wait for the reception of the next SSB corresponding to the activated TCI state.
· If the QCL properties of the root SSB associated with the newly activated TCI state is already stored, UE updates TCI state assumption without waiting the next SSB reception.
· Send LS to RAN4 to inform the issue and the solution.

image1.emf


1) CC specific TCI configuration (same as R15)

TCI state

TCI state#1

TCI state#2

TCI state#3

TCI state#4

TCI-statelist

in PDSCH-Config

BWP1 in CC1

TCI state

TCI state#1

TCI state#2

TCI state#3

TCI state#4

BWP1 in CC2

TCI-statelist

in PDSCH-Config

…

…

Freq.



2) TCI configuration across BWPs/CCs

TCI state

TCI state#1

TCI state#2

TCI state#3

TCI state#4

TCI-statelist

in PDSCH-Config

BWP1 in CC1 BWP1 in CC2

TCI-statelist

in PDSCH-Config

…

…

Freq.

absent


image2.wmf
ï

þ

ï

ý

ü

ï

î

ï

í

ì

+

D

+

×

+

×

+

=

)

,

(

)

(

)

(

)

(

))

(

2

(

log

10

)

(

),

(

min

)

,

,

,

(

,

,

,

TF,

,

,

,

,

PUSCH

,

RB,

10

,

O_PUSCH,

,

,

CMAX

,

PUSCH,

l

i

f

i

q

PL

j

i

M

j

P

i

P

l

q

j

i

P

c

f

b

f,c

b

d

c

f

b

c

f

b

f,c

b

f,c

b

c

f

d

f,c

b

a

m


