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Introduction
In this contribution, we discuss the beam-management-related enhancements.
[Issue 1] 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. 
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.

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 The number of RRC-configured TCI states for separate TCI state
In RAN1#106bis e-meeting, following was agreed. However, there was no agreement for the number of RRC configured separate DL/UL TCI state.
	Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC
· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI


In Rel.15, the number of RRC configured TCI states for PDSCH is reported in UE capability signaling. UE can report up to 128 TCI states, and UE is mandated to report at least 64 TCI states in FR2. In FR1, UE is mandated to report the maximum number of allowed SSBs in the band.
	tci-StatePDSCH
Defines support of TCI-States for PDSCH. The capability signalling comprises the following parameters:
-	maxNumberConfiguredTCIstatesPerCC indicates the maximum number of configured TCI-states per CC for PDSCH. For FR2, the UE is mandated to set the value at least to 64 (i.e. value 128 is an optional value). For FR1, the UE is mandated to set these values at least to the maximum number of allowed SSBs in the supported band;
-	maxNumberActiveTCI-PerBWP indicates the maximum number of activated TCI-states per BWP per CC, including control and data. If a UE reports X active TCI state(s), it is not expected that more than X active QCL type D assumption(s) for any PDSCH and any CORESETs for a given BWP of a serving cell become active for the UE. The UE shall include this field.
Note the UE is required to track only the active TCI states.

The UE is mandated to report tci-StatePDSCH.
	Band
	Yes
	N/A
	N/A



For DL only TCI states in Rel.17 unified TCI, similar mechanism should be supported, i.e. UE can report up to 128 TCI states, and UE is mandated to report 64 TCI states in FR2 and the maximum number of allowed SSBs in the band in FR1. For UL only TCI states, to make system work with 64 SSB with the beam correspondence in FR2, UL only TCI states should support 64 as the mandatory value.
Proposal 2-3:
· When a UE is configured with separate DL/UL TCI: 
· The largest number of configured TCI states for DL TCI states is 128 per BWP per CC
· For FR2, UE is mandated to report at least 64.
· For FR1, UE is mandated to report at least the maximum number of allowed SSBs in the supported band.
· The largest number of configured TCI states for UL TCI states is 64 per BWP per CC
· For FR2, UE is mandated to report at least 64.

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 is 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.

2.3 QCL assumption after BFR completion
In Rel.15/16, after BFR completion, QCL assumption of CORESET and spatial relation of PUCCH can be updated to q_new. Rel.17 unified TCI state can be shared with UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, and all of dedicated PUCCH resources. It is essential to update the Rel.17 unified TCI state to qnew after BFR completion. Otherwise, UE will transmit/receive in failed beam, and the beam failure does not recover.
Similarly, power control parameters for unified TCI state after BFR completion should be specified.
Proposal 2-5:
· Specify QCL assumption of unified TCI state, which is shared with UE-dedicated PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, and all of dedicated PUCCH resources, to be qnew after BFR completion.
· The TCI state, which is NOT shared with UE-dedicated PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, and all of dedicated PUCCH resources, is NOT updated after BFR completion.
· Specify power control parameters for UL channels with unified TCI state after BFR completion.

[Issue 2] L1/L2-centric inter-cell mobility 
3.1 L1-RSRP beam reporting
In RAN1#106bis e-meeting, following agreement was made.
	Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP


Alt1 is clear for us. However, in Alt.2, the size of UCI can be different depending on the number of PCIs in the report. For example, assuming total 4 beams are reported, if the number of PCI in a report is 1, the UCI size is 7+4+4+4 = 19 bits. On the other hand, if the number of PCI in a report is 2, the UCI size is 7+4+7+4 = 22 bits. Generally, before gNB detects PUCCH, gNB should know the size of UCI. Otherwise, gNB needs to blind-detect the UCI size. Hence, we have concern on Alt.2.
Proposal 3-1:
· For the agreement of L1-RSRP beam reporting for inter-cell beam management and inter-cell mTRP in RAN1#107-e, support the following.
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP.

3.2 Paging/short message
In RAN1#106bis e-meeting, following proposal was discussed.
	Proposal 2.I: On Rel-17 enhancements for inter-cell beam management, on QCL assumption for paging and short message reception after being activated with [only one] TCI state[(s)] associated with PCI different from serving cell, in RAN1#107-e, further discuss and select one of the following alternatives:
· Alt0. The UE is not required to monitor paging and short message associated with the newly indicated TCI state associated with a PCI different from the serving cell
· Alt1. The UE is to monitor paging and short message in USS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell
· Alt2. The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell


The discussion point is whether UE can receive paging/short message from non-serving cell or not. In RAN1#106bis e-meeting, some companies mentioned that 1) UE should receive paging/short message from non-serving cell, because the beam in serving cell is outdated and not reliable, and that 2) short message includes ETWS/CMAS, which should be received faster as much as possible. 
On the other hand, in RAN1#106bis e-meeting, LS reply was agreed in R1-2110631. It says that system information is only received from serving cell.
	Answer 2.b: The system information for inter-cell beam management can be only received from the serving cell TRP. 
With respect to the paging/short messages for inter-cell beam management, RAN1 is currently discussing this issue.


Regardless of whether UE can receive paging/short message from non-serving cell or not, UE can only receive system information from serving cell. As specified in TS38.331, after UE receives paging/short message, UE is required to receive system information (from serving cell). If UE receives system information from serving cell, UE should be able to receive paging/short message from serving cell as well. Hence, we believe Alt.0 should be supported.
Proposal 3-2:
· For paging/short message in the agreement in RAN1#106bis-e, support Alt.0 (i.e. UE can receive paging and short message from serving cell).
· Alt0. The UE is not required to monitor paging and short message associated with the newly indicated TCI state associated with a PCI different from the serving cell.

Following is reference of TS38.331.
TS38.331: After UE receives short message, UE is required to monitor SIB6/7/8.
	5.2.2.2.2	SI change indication and PWS notification
[…]
For Short Message reception in a paging occasion, the UE monitors the PDCCH monitoring occasion(s) for paging as specified in TS 38.304 [20] and TS 38.213 [13].
If the UE receives a Short Message, the UE shall:
1> if the UE is ETWS capable or CMAS capable, the etwsAndCmasIndication bit of Short Message is set, and the UE is provided with searchSpaceSIB1 and searchSpaceOtherSystemInformation on the active BWP or the initial BWP:
2> immediately re-acquire the SIB1;
2> if the UE is ETWS capable and si-SchedulingInfo includes scheduling information for SIB6:
3> acquire SIB6, as specified in sub-clause 5.2.2.3.2, immediately;
2> if the UE is ETWS capable and si-SchedulingInfo includes scheduling information for SIB7:
3> acquire SIB7, as specified in sub-clause 5.2.2.3.2, immediately;
2> if the UE is CMAS capable and si-SchedulingInfo includes scheduling information for SIB8:
3> acquire SIB8, as specified in sub-clause 5.2.2.3.2, immediately;
NOTE:      In case SIB6, SIB7, or SIB8 overlap with a measurement gap it is left to UE implementation how to immediately acquire SIB6, SIB7, or SIB8.
1> if the systemInfoModification bit of Short Message is set:
2> apply the SI acquisition procedure as defined in sub-clause 5.2.2.3 from the start of the next modification period.



More detail of short message:
· For Bit 1 (systemInfoModification) and Bit2 (ETWS/CMAS):
· After UE receives Bit1/Bit2 of short message, UE needs to receive system information from serving cell. Both paging/short message and system information should be received successfully.
· For Bit 3 (stopPagingMonitoring), it means UE stop monitoring Paging until next PO, and UE does not need to monitor Paging.
· For Bit 4-8, they are not used currently.
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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.
IN RAN1#106bis e-meeting, following agreement was made for the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting.
	Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability


The number of additional RRC-configured PCIs per CC should be equal or larger than the agreed number of RRC-configured PCIs different from the serving cell for measurement/reporting.
Proposal 3-4:
· For L1/L2 inter cell mobility, the maximum number of additional RRC-configured PCIs per CC is denoted Y, which can be reported as a UE capability, including at least Y=7.
· The maximum number of additional RRC-configured PCIs per CC is equal or larger than the agreed number of RRC-configured PCIs different from the serving cell for measurement/reporting in the agreement in RAN1#106bis.

3.5 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 3-5:
· 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).

3.6 BFD-RS of L1/L2 inter-cell mobility
For BFD-RS of L1/L2 inter cell mobility, whether SSB from non-serving cell can be configured/determined as BFD-RS should be discussed. For per-cell BFR in L1/L2 inter cell mobility, following alternatives can be considered.
•	Alt. 1: SSB associated with additional PCI can be configured as BFD-RS explicitly/implicitly.
•	Alt. 2: SSB associated with additional PCI cannot be configured as BFD-RS.
Since a UE with minimum capability may support active TCI state(s) associated with one PCI (for either serving cell or non-serving cell), we believe Alt.1 should be supported. 
Proposal 3-6:
· For BFD-RS of L1/L2 inter cell mobility,
· SSB associated with additional PCI can be configured/determined as BFD-RS explicitly/implicitly.


[Issue 3] Beam indication DCI
In RAN1#106bis e-meeting, following issue was discussed.
	3.3
	Further enhancements on ACK/NAK for DCI formats 1_1/1_2 with DL assignment when used for beam indication 
	DCI ACK/NAK: CATT, Apple, Xiaomi, Samsung, Intel (with higher priority for beam indication DCI ACK/NACK), ASUSTek

DL assignment ACK/NAK, but only ACK can be used to confirm beam indication: NEC, OPPO, NTT Docomo (already agreed), Huawei. HiSilicon, Xiaomi 


The discussion point is whether beam application time (BAT) is counted from “ACK/NACK of DCI reception” or “ACK of PDSCH (DL assignment)”. For 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


For DCI format 1_1/1_2 with DL assignment, there is no ACK/NACK of DCI reception in the existing spec., except for SPS PDSCH release, and the existing spec. supports ACK/NACK of PDSCH reception. Hence, our understanding of the previous agreement is that BAT is counted from the acknowledgment (ACK) of DL assignment (PDSCH). From technically perspective, we believe only ACK of PDSCH should be counted for BAT. The reason is the error probability between ACK transmission and NACK transmission. ACK to NACK error probability is <0.1%, and NACK to ACK error probability is 1%. Hence, it is more reliable to use ACK transmission only, to avoid beam miss alignment between gNB and UE.
Proposal 4-1:
· On agreement for BAT in RAN1#106e, clarify that BAT is counted from ACK of PDSCH.

Another discussion point is when multiple beam indication DCIs are received, and if multiple ACK bits are reported in a PUCCH/PUSCH, which DCI is used to determine the indicated beam. In case of PUCCH resource determination in Rel.15/16, DCI is sorted by CC index, slot index, and CORESETPoolIndex (if configured), and PUCCH resource is determined by PRI field and CCE index of the “last DCI”. We can use similar mechanism to decide the beam indication DCI.
Proposal 4-2:
· On Rel-17 DCI-based beam indication with/without DL assignment, if multiple beam indication DCIs are received, and multiple ACK bits are reported in a PUCCH/PUSCH, decide how to determine the beam indication DCI.
· Use the “last DCI” as similar rule as PUCCH resource determination, among received DCI formats with TCI state field.

[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 previous meetings, reporting of panel-specific UE capability and reporting of correspondence between CSI-RS/SSB and panel or correspondence between CSI-RS/SSB and UE capability value were discussed. Regarding the type of UE capability, from our perspective, number of SRS ports, number of layers, number of SRS resources within a SRS resource set, and coherent type can be supported, which may be different across different panels and are important for UL Tx configuration. 
Proposal 5-1: 
· Support UE to report a list of UE capability values consisting of number of SRS ports, number of layers, number of SRS resources within a SRS resource set, and coherent type.
Meanwhile, it is beneficial that gNB can be made aware of correspondence between CSI-RS/SSB and supported UE capability, so that gNB can make proper configuration of UL Tx. To inform the correspondence, a panel identifier or an index associated with UE capability values can be included in beam reporting. Considering UE may activate multiple panels and different SSBRI/CSI may correspond to different panel, a panel entity identifier or index of UE capability values can be reported for each SSBRI/CRI in beam reporting, and different panel entity identifier or index can be reported for different SSBRI/CRI.
Proposal 5-2: 
· A panel entity identifier or index associated with UE capability values can be reported for each SSBRI/CRI in beam reporting. Different panel entity identifier or index can be reported for different SSBRI/CRI.
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. 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 5-3: 
· 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.
To support fast panel switching, multiple codebook-based SRS resource sets with different number of SRS antenna ports can be configured. Whether the SRS resource set is selected by UE or NW was discussed. In our views, panel activation/deactivation and correspondence between CSI/SSBRI and panel can be decided by UE, however, given that the correspondence is informed to NW, NW can decide the configuration of SRS resource set and NW can select and indicate the SRS resource set as well as SRI in PUSCH scheduling DCI for UL Tx based on the reported correspondence and UE capability. 
Proposal 5-4: 
· Support configuration of multiple codebook-based SRS resource sets with different maximum number of SRS ports
· SRS resource set can be selected and indicated by NW in PUSCH scheduling DCI.
 
[Issue 5] MPE mitigation
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support N=1, 2, 3, and 4
· N is defined as the number of reported measurements
· UE reports supported largest N value as a UE capability
Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following: 
· (Working Assumption) For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection) 
· Support M=1
· FFS: The supported value(s) of M 
· FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR
· FFS: additional signaling (e.g. CSI triggering) from the NW
Agreement
· On Rel.17 enhancements to facilitate MPE mitigation, the candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2).


In the last meeting, it was agreed to report P-MPR value for each SSBRI/CRI in PHR MAC CE. For UL beam selection, in addition to P-MPR value, pathloss of each beam is also important and needs to be known by NW. For example, let’s assume the case where P-MPR value of beam#1 is 0 dB, PL of beam#1 is 15 dB, P-MPR value of beam#2 is 5 dB, PL of beam#2 is 5 dB. If only P-MPR is considered in UL beam selection, beam#1 with lower P-MPR value will be selected, however, it will not provide better UL performance than beam#2 with higher P-MPR value but lower PL. To inform PL of each beam to NW in addition to P-MPR, modified virtual PHR can be used. In Rel-16, virtual PHR is calculated as following equation with P-MPR=0 dB. In Rel-17 MPE report, modified virtual PHR of each SSBRI/CRI can be reported, where modified virtual PHR is calculated with same equation as Rel-16 virtual PHR, but with P-MPR value and PL calculated corresponding to each SSBRI/CRI. 
[image: ]
Proposal 6-1: 
· Modified virtual PHR is reported for each SSBRI/CRI in PHR MAC CE in addition to P-MPR.
· Modified virtual PHR is calculated with same equation as Rel-16 virtual PHR, but with P-MPR value and PL calculated corresponding to each SSBRI/CRI.
Furthermore, beam selection rule needs to be determined. For UL beam selection, as analyzed above, both P-MPR value and PL of each beam needs to be taken into account. Thus, for Rel-17 MPE report, the N beams can be selected based on modified virtual PHR which considers both P-MPR and PL.
Proposal 6-2: 
· In MPE report, best N beams are selected based on modified virtual PHR.
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 6-3: 
· Support UL beam reporting via NW initiated CSI reporting framework 

[Issue 6] Another category
Following conclusion was made in RAN1#106bis-e. 
	Conclusion
Discussion on advanced beam refinement/tracking (“issue 6”) is suspended for the remaining of Rel-17 NR_FeMIMO multi-beam enhancement (due to lack of time).


Although we believe the proposed UE initiated beam selection reporting are beneficial, we suggest not to discuss it in RAN1#107e, due to lack of time for Rel.17 feMIMO completion.
Proposal 7-1: 
· Do not discuss issue 6 in RAN1#107e, due to lack of time for Rel.17 feMIMO completion.

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.
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 a UE is configured with separate DL/UL TCI: 
· The largest number of configured TCI states for DL TCI states is 128 per BWP per CC
· For FR2, UE is mandated to report at least 64.
· For FR1, UE is mandated to report at least the maximum number of allowed SSBs in the supported band.
· The largest number of configured TCI states for UL TCI states is 64 per BWP per CC
· For FR2, UE is mandated to report at least 64.
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.
Proposal 2-5:
· Specify QCL assumption of unified TCI state, which is shared with UE-dedicated PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, and all of dedicated PUCCH resources, to be qnew after BFR completion.
· The TCI state, which is NOT shared with UE-dedicated PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, and all of dedicated PUCCH resources, is NOT updated after BFR completion.
· Specify power control parameters for UL channels with unified TCI state after BFR completion.
 [Issue2]
Proposal 3-1:
· For the agreement of L1-RSRP beam reporting for inter-cell beam management and inter-cell mTRP in RAN1#107-e, support the following.
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP.
Proposal 3-2:
· For paging/short message in the agreement in RAN1#106bis-e, support Alt.0 (i.e. UE can receive paging and short message from serving cell).
· Alt0. The UE is not required to monitor paging and short message associated with the newly indicated TCI state associated with a PCI different from the serving cell.
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, which can be reported as a UE capability, including at least Y=7.
· The maximum number of additional RRC-configured PCIs per CC is equal or larger than the agreed number of RRC-configured PCIs different from the serving cell for measurement/reporting in the agreement in RAN1#106bis.
Proposal 3-5:
· 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).
Proposal 3-6:
· For BFD-RS of L1/L2 inter cell mobility,
· SSB associated with additional PCI can be configured/determined as BFD-RS explicitly/implicitly.
 [Issue3]
Proposal 4-1:
· On agreement for BAT in RAN1#106e, clarify that BAT is counted from ACK of PDSCH.
Proposal 4-2:
· On Rel-17 DCI-based beam indication with/without DL assignment, if multiple beam indication DCIs are received, and multiple ACK bits are reported in a PUCCH/PUSCH, decide how to determine the beam indication DCI.
· Use the “last DCI” as similar rule as PUCCH resource determination, among received DCI formats with TCI state field.
 [Issue4]
Proposal 5-1: 
· Support UE to report a list of UE capability values consisting of number of SRS ports, number of layers, number of SRS resources within a SRS resource set, and coherent type.
Proposal 5-2: 
· A panel entity identifier or index associated with UE capability values can be reported for each SSBRI/CRI in beam reporting. Different panel entity identifier or index can be reported for different SSBRI/CRI.
Proposal 5-3: 
· 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.
Proposal 5-4: 
· Support configuration of multiple codebook-based SRS resource sets with different maximum number of SRS ports
· SRS resource set can be selected and indicated by NW in PUSCH scheduling DCI.
 [Issue5]
Proposal 6-1: 
· Modified virtual PHR is reported for each SSBRI/CRI in PHR MAC CE in addition to P-MPR.
· Modified virtual PHR is calculated with same equation as Rel-16 virtual PHR, but with P-MPR value and PL calculated corresponding to each SSBRI/CRI.
Proposal 6-2: 
· In MPE report, best N beams are selected based on modified virtual PHR.
Proposal 6-3: 
· Support UL beam reporting via NW initiated CSI reporting framework 
 [Issue6]
Proposal 7-1: 
Do not discuss issue 6 in RAN1#107e, due to lack of time for Rel.17 feMIMO completion.
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.6.5 Short Message.

Short Messages can be transmitted on PDCCH using P-RNTI with or without associated Paging message using Short Message field in DCI format 1_0 (see TS 38.212
[17). clause 7.3.1.2.1).

‘Table 6.5-1 defines Short Messages. Bit 1 is the most significant bit..

. Table 6.5-1: Short Messages -
T Short Messags.
58 SysteminfoNfodification-
1f el to 1. ndication of a BCCH modifcation ofher than SIBG, SIB7 and SIB8. -
[2¢ etwsAndCmasindication -
1f Sel to 1. ndication of an ETWS primery nofifcation andor an ETWS secondry noliicalion andor a CMAS noifcation.

‘stopPagingMonitoring-
“This bit can be used for only operation with shared spectrum channel access and if nrofPDCCH-MonitoringOccasionPerSSE-InPO is present.

If set to 1 indication that the UE may stop monitoring PDCCH occasion(s) for paging in this Paging Occasion as specified in TS 38.304 [20], clause 7.1..|
ZErE Not used in this release of the specification, and shall be ignored by UE if received..
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