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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#103-e meeting, the Rel. 17 NR FeMIMO WID [1] was discussed. The following was agreed [2] on the topic of enhancement on multi-beam operation:
	R1-2008147	Moderator summary for multi-beam enhancement	Moderator (Samsung)

Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured

Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.

Agreement
On Rel-17 enhancements to enable L1/L2-centric inter-cell mobility: 
· The following use cases are assumed: 
· Network architecture: 
· NSA, i.e. LTE PCell and NR-PSCell 
· SA
· Intra-band CA 
· FFS: If inter-band CA is also included
· Intra- RAT (excluding inter-RAT) 
· Intra-frequency scenario: 
· The SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell
· An SSB of a non-serving cell is associated with a PCI different from the PCI of the serving cell
· FFS: Support for inter-frequency scenario
· FFS: Whether to support intra-DU only operation, or whether inter-DU is also allowed
· The following enhancement scope is assumed: 
· Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
· FFS: Detailed/exact method(s)
· FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
· FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
· FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
· Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 
· FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.
· FFS: other information needed for inter-cell mobility
· Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration
· FFS: The following enhancement scope is assumed by RAN1: 
· Whether RRC reconfiguration signaling is needed or not when a TCI associated with non-serving cell RS is indicated 
· A non-serving cell RS is an RS that is or has an SSB of a non-serving cell as direct or indirect QCL source 
· This implies no C-RNTI update when UE receives DL channel RS associated to non-serving cell RS as QCL source. 
· FFS whether TCI associated with non-serving cell can be indicated to or are applicable for all channels.
· Whether some RRC parameters need to be updated without additional RRC signaling, e.g. some RRC parameters are pre-configured, which are associated with TCI states with neighbor cell RS as QCL source
· Whether UE needs/can change serving cell during L1/L2-centric inter-cell mobility.
· The above assumption to be verified by RAN2

Conclusion
There is no consensus in RAN1 to include the following as part of RAN1 agreement for AI 8.1.1 in RAN1 #103e:
· FFS beam indication for the TCI state assumption/update for the following cases: 
· The beam indication UE-specific DCI (i.e. the CORESETs with the DCI received by UE), the scheduled PDSCH by the DCI and the associated PUCCH for the acknowledgment of the beam indication DCI
· Non-UE-specific CORESETs and PUSCH/PDSCH scheduled/activated and PUCCH transmission triggered by non-UE-specific CORESETs  

Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 

Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)

Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support.

Agreement
On UE reporting for MPE mitigation for Rel-17, investigate and, if needed, specify the following:
· Reporting of P-MPR report based on Rel.16 framework.
· FFS: Whether panel/beam level based P-MPR report is supported
· FFS: Maximum reported number of panels, e.g. single or multiple  
· Reporting SSBRI(s)/CRI(s) and/or indication of panel selection for the purpose of indicating:
· Alt1: alternative UE panel(s) or TX beam(s) for UL transmission
· Alt2: feasible UE panel(s) or TX beam(s) for UL transmission taking the MPE effect into account
· FFS: indication of panel selection details (e.g. explicit/implicit)
· Any additional reporting content: down-select from the following in RAN1#104-e 
· Alt0: no additional reporting content
· Alt1: Additional reporting content is included (for example P-MPR + L1-RSRP, virtual PHR + L1-RSRP, L1-RSRP/SINR with and without MPE effect, virtual PHR, P-MPR or virtual PHR + CRI/SSBRI, estimated max UL RSRP) 
· Note: Other options are not precluded
· FFS: Whether the above reporting is triggered by UE or configured by NW

Agreement
On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· The above applies to intra-band CA
· The above applies to joint DL/UL and separate DL/UL beam indications 
· Just as Rel.16, the RS in the TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· The common TCI state ID implies that the same/single RS determined according to the TCI state(s) indicated by a common TCI state ID is used to provide QCL Type-D indication and to determine UL TX spatial filter across the set of configured CCs
· FFS: The above also applies to inter-band CA 
· FFS: TCI state pool for CA 
· Opt-1: sharing a single RRC TCI state pool for the set of configured CCs, e.g., cell-group TCI state pool, or reuse TCI state pool for PDSCH in a reference cell; A CC ID for QCL-Type A RS is absent in a TCI state, and the CC ID for QCL-Type A RS is determined according to a target CC of the TCI state.
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
· Opt-2: configuring RRC TCI state pool per individual CC
· FFS: Whether the Rel-17 common beam update across multiple CCs applies to beam indication for single channel (e.g. PDSCH only, single CORESET), a subset of channels, or all channels

Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 

R1-2009715	Moderator summary#4 for multi-beam enhancement	Moderator (Samsung)

Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:
· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication
· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)
· If UL-related DCI is used, whether it is accompanied with UL grant or not
· Acknowledgment mechanism

Agreement
On Rel.17 DCI-based beam indication: 
· Regarding application time of the beam indication: if beam indication is received, down-select from the following:
· Alt1: the first slot that is at least X ms or Y symbols after the DCI with the joint or separate DL/UL beam indication
· Alt2: the first slot that is at least X ms or Y symbols after the acknowledgment of the joint or separate DL/UL beam indication 
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y
· FFS: When to apply the minimum indication delay (e.g., when the newly indicated beam is different with the previously indicated beam)


R1-2009749	Moderator summary#5 for multi-beam enhancement	Moderator (Samsung)

Agreement
On Rel.17 DCI-based beam indication, the beam application time is to be down-selected or modified from the following:
· Alt1: The beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· Alt2: The beam application time is fixed and defined in specification
· Alt3: The beam application time can be configured by the gNB where the minimum value of beam application time is fixed and defined in specification
· Consider multi-panel UE, layer 1/2 inter-cell cases, carrier aggregation aspects



The agreements cover multiple issues. In this contribution, we present our views on some of the issues and proposals for moving forward.

Unified TCI Framework
In this section, we discuss the topics on TCI state pool for separate DL and UL beam indication, supporting multiple simultaneous active TCI states, and enhancements on contents of TCI states.
[bookmark: _Ref52454871]TCI State Pool for Separate DL and UL Beam Indication 
In RAN1#103-e meeting, the following was agreed regarding the TCI state pool.
	Agreement
On Rel-17 unified TCI framework:
· A pool of joint DL/UL TCI state is used for joint DL/UL TCI state update (beam indication).
· [bookmark: _Hlk58598774]FFS: The pool for separate DL and UL TCI state update (beam indication)
· Note: Here, TCI state pool refers to a pool configured via higher-layer (RRC) signaling
· FFS: Whether joint TCI may include UL specific parameter(s) such as UL PC/timing parameters, PL RS, panel-related indication,etc. and if it is included, it is used only for UL transmission of the DL and UL transmissions to which the joint TCI is applied 



As can be seen from the agreement, the TCI pool for joint DL/UL TCI state update (beam indication) has been decided to be a pool of joint DL/UL TCI state.  However, the TCI pool for separate DL and UL TCI state update (beam indication) is still to be decided.  Also to be decided is whether the TCI state should include UL specific parameter(s).
[bookmark: _Hlk60991994]There are two ways to construct TCI state pools for separate DL and UL TCI state update (beam indication). The two alternatives are as follows:
· Alt. 1: Separate TCI state pools for DL and UL, e.g., one for DL and one for UL 
· Alt. 2: One single joint TCI state pool for both DL and UL
Figure 1 illustrates the two alternatives to construct TCI state pool(s) for separate DL and UL TCI state update (beam indication).  In Figure 1, each circle represents a source RS in the TCI state pool, and blue and green color indicate source RS for DL and UL, respectively.  Please note that what is shown in Figure 1 is only an illustrative example.

[image: ]
[bookmark: _Ref52378257]Figure 1: Two alternatives to construct TCI state pool(s) for separate DL and UL beam indication
In our opinion, Alt. 1 has some advantages over Alt. 2.  In Rel. 15/16 under the spatial relation framework, SRS has already been used as a source RS to indicate UL TX spatial filter.  With the introduction of UL TCI state, it is necessary to also include SRS as one of the source RS for UL TCI state.  However, it is unclear the benefit of using SRS as a source RS for DL TCI state.  Given that the SRS may only be used as a source RS for UL TCI state, the content of UL TCI state and DL TCI state could be different, and it will be infeasible to use the DL TCI states also as UL TCI states.  Therefore, the number of TCI states in the single joint TCI state pool in Alt. 2 will be larger than the number of TCI states in each of the separate TCI state pools in Alt. 1.  For Alt. 2, with the larger number of TCI states in the single joint TCI state pool, the MAC CE that is used to select and activate a subset of TCI states from the pool thus needs to be changed to accommodate the larger number of TCI states.  For Alt. 1, the existing MAC CE design can be reused since the number of TCI states in each of the separate TCI state pools can be kept under the current limit of 128.
Regarding UL PC parameters and PL RSs in UL TCI state, if a DL RS is used as a source RS in the UL TCI state, the DL RS may be used as the PL RS such that additional signaling of this part of the UL PC parameters is not needed.  However, two factors may limit the usage of the source RS in the UL TCI state as the PL RS.  The first factor is the fact that UE has limited capability on tracking multiple RSs for pathloss measurement.  Given the potentially larger number of UL TCI states and therefore large number of possible DL RSs as source RS, it is difficult for the UE to track this larger number of DL RSs for pathloss measurement.  The second factor is the fact that PL RS should be periodic to better enable the UE for pathloss measurement.  However, the DL RS serving as source RS in the UL TCI state may be semi-persistent or aperiodic RS, thus cannot always serve as PL RS.  Therefore, we preferred that the UL PC parameters and PL RS are associated with an UL TCI state, rather than being included in an UL TCI state.  Separate power control settings (including PL RS, alpha/Po, and CL index) should be provided for different UL channels/RS.  The power control setting of an uplink channel/RS can vary with uplink TX beam.  A UE supports limited numbers of power control parameter sets (alpha/Po, and CL index) and PL RSs which are then associated with the UE’s uplink channels/Rs and TX beams. 
Based on the above analysis, we have the following proposal:
Proposal 1: FeMIMO supports separate TCI state pools for DL and UL for separate DL and UL TCI state update (beam indication).  The UL PC parameters (alpha/Po, and CL index) and PL RS are associated with an UL TCI state in a Rel-17 unified TCI framework.

[bookmark: _Ref58854735]Support Multiple Simultaneous Active TCI States 
There have been some discussions on the supported number of simultaneous active TCI states (e.g., M=1 or M>=1 for DL and N=1 or N>=1 for UL) in RAN1#102-e meeting.  However, there was little/no discussion on this issue in RAN1#103-e meeting.  In this subsection, we present our views on this topic.
Support of two active TCI states for mTRP has been defined in Rel. 16; including both single DCI and multi-DCI cases.  In single DCI case, MAC CE [3] was enhanced to enable the mapping of two TCI states to one TCI codepoint such that one TCI codepoint in DCI TCI field can indicate two different TCI states, one for each TRP.  In multi-DCI case, the coresetPoolIndex [4] in the ControlResourceSet information element can be used to differentiate TCI states for different TRP. 
In Rel. 17, FeMIMO also targets further enhancement on the support for mTRP deployment. FeMIMO should, therefore, also support multiple simultaneous active TCI states.
In addition to the mTRP case, support of multiple simultaneous active TCI states can also enable CORESET beam diversity.  In this case, , the same DCI may be transmitted on multiple CORESETs, each of which utilizes a different beam, to improve the reliability of the PDCCH.  The UE, with the support of multiple simultaneous active TCI states, can then receive multiple copies of the DCI using different RX spatial filters and thus improve the reliability of the PDCCH.  Another way of improving the reliability of the PDCCH is to transmit different DCI over time on different CORESETs; e.g., by taking turns on different CORESETs. 
Another aspect to be considered is related to beam failure detection and recovery.  In Rel. 15/16, the UE monitors periodic CSI-RS’s that are QCLed with PDCCH DMRS with respect to 'QCL-TypeD' for beam failure detection purpose.  These periodic CSI-RS’s are referred to as beam failure detection reference signals (BFD-RS’s).  There could be multiple BFD-RS’s corresponding to multiple CORESETs.  The UE monitors the quality of the BFD-RS’s and derives hypothetical PDCCH BLER’s.  When a hypothetical PDCCH BLER is higher than a threshold for a number of consecutive instances, the corresponding BFD-RS is viewed as failed.  A beam failure recovery (BFR) is triggered when all the BFD-RS’s fail.
In RAN1#103-e meeting, the following was agreed regarding separate beam indication for UL and DL, which mentions the “M TCIs” for DL and “N TCIs” for UL.
	Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
· Utilize two separate TCI states, one for DL and one for UL. 
· FFS: Contents of separate UL TCI state
· Note: For FR1, UE does not expect UL TCI to provide a reference for determining common UL TX spatial filter(s), if UL TCI is supported for FR1 
· For the separate DL TCI: 
· [bookmark: _Hlk60999253]The source reference signal(s) in M TCIs provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· For the separate UL TCI:
· The source reference signal(s) in N TCIs provide a reference for determining common UL TX spatial filter(s) at least for dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC 
· Optionally, this UL TX spatial filter can also apply to all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions
· FFS: Whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state
· Note that TCI state pool for joint DL and UL beam indication is still FFS
· FFS: Whether Rel.17 supports TCI configured for single channel (e.g. PDSCH only, single CORESET) 
· Note: This does not preclude the type of UE supporting only 1 beam tracking loop, i.e. UE reports value of 1 in UE FG 2-62.



[bookmark: _Hlk60933293][bookmark: _Hlk60933210]If the Rel. 17 unified TCI framework supports M>1 TCIs such that each of the TCI provide QCL information for UE-dedicated reception on a subset of CORESETs in a CC, then the QCL relationship between BFD-RS’s and CORESET’s can be defined as in Rel. 15/16 where the BFD-RS are QCLed with PDCCH DMRS with respect to 'QCL-TypeD'.  However, if the Rel-17 unified TCI framework supports only M=1 TCI and the TCI provide QCL information for UE-dedicated reception on all of CORESETs in a CC, then it is difficult to define the QCL relationship between BFD-RS’s and CORESETs since there is only one beam available for all the CORESETs.  Figure 2 illustrates examples for (a) multiple beams covering multiple CORESETs and (b) one beam covering all CORESETs.
[image: ]
[bookmark: _Ref61512642]Figure 2: Examples showing (a) multiple beams covering multiple CORESETs and (b) one beam covering all CORESETs
One way to support M > 1 TCIs, each of which provides QCL information for UE-dedicated reception on a subset of CORESETs, is as follows: When a UE receives a DCI for DL beam indication, the source reference signal(s) in the DL TCI(s) provide QCL information for UE-dedicated reception on PDSCH and for UE-dedicated reception on the associated CORESET (e.g., the CORESET that the DCI is carried on).  This way, after the UE receives multiple DCIs over multiple CORESETs for DL beam indications, the UE will have information on the multiple DL TCIs (e.g., M >1) for the multiple CORESETs.  The TCI(s) for the PDSCH, on the other hand, just follows the one(s) indicated in the DCI, without being expanded by the TCIs for the multiple CORESETs.  With this method, the TCIs for the multiple CORESETs can be updated through L1-based signaling, instead of RRC and MAC CE as in Rel. 15/16, thus reducing latency and overhead.
Based on the above analysis, we have the following proposal:
[bookmark: _Hlk58854786]Proposal 2: FeMIMO supports multiple simultaneous active TCI states at a UE.  The source reference signal(s) in DL TCI(s) in a DCI provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on the CORESET(s) associated with the DCI (e.g., the CORESET(s) that the DCI is carried on).

Enhancements on Content of TCI States 
[bookmark: _Hlk52543376]In Rel. 16, the content of the TCI states is defined in the TCI-State information element [4].  To support enhancements on multi-beam management in Rel. 17, the content of the TCI states should also be enhanced.  Table 1 shows exemplary enhancements on content of TCI state.  In Table 1, the red parts are the proposed additions/modifications to the TCI-state information element and include the following:
· physCellId: this is the PCI of the serving cell or non-serving cell.  With the PCI info added to the TCI state, the TCI states of non-serving cell can also be configured for the UE, which could enable the UE with faster candidate beam identification and BFR utilizing the non-serving cell’s beams.  
· groupID: in mTRP case, this ID could serve as the TRP identification.  With this ID, the UE can, for example, identify the TRP source of the CSI-RS.  The UE can then avoid reporting multiple beams from the same TRP to facilitate inter-TRP beam pairing, because it is not feasible for one TRP to transmit multiple beams simultaneously in FR2.  
· srs: this is the SRS resource identification.  In Rel. 15/16, under the spatial relation framework, SRS has already been used as a source RS to indicate UL TX spatial filter.  With the introduction of UL TCI state, it is necessary to also include SRS as one of the source RS for UL TCI state.  
[bookmark: _Ref52540126]Table 1: Examplary enhancements on content of TCI state
	TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    physCellId                          PhysCellId                                                  OPTIONAL,   
    groupId                             GroupId                                                     OPTIONAL,   
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index,
        srs                                 SRS-ResourceId
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP




Based on the above analysis, we propose the following: 
Proposal 3: FeMIMO supports enhancements on the content of TCI state, including the addition of PCI, groupID, and srs to the content of the TCI state.

L1-based Beam Indication for Unified TCI Framework
In RAN1#103-e meeting, the following was agreed regarding the L1-based TCI state update (beam indication) for the unified TCI framework.
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured

Agreement
In RAN1#104-e, on the Rel-17 L1-based TCI state update (beam indication) for the unified TCI framework, interested companies are to provide the following:
· How to use DCI formats 1_1 and 1_2 for UL-only (in case of separate DL/UL) TCI state update (beam indication) 
· Note: The agreement implies that DCI formats 1_1 and 1_2 can be used for UL-only TCI state update beam indication). 
· FFS: Using DCI format 1_1 and 1_2 without DL assignment, and with a new acknowledgment mechanism directly in response to decoding DCI format 1_1 and 1_2, e.g., analogous to SPS PDSCH release
· Whether/how to support at least one additional DCI format dedicated for UL-only beam indication (in case of separate DL/UL), including:
· Whether the format can also be used for DL-only beam indication (in case of separate DL/UL) and joint DL/UL beam indication
· Whether it is a “brand new” format or based on some extension of the existing DCI formats other than 1_1 and 1_2 (e.g. 1_0, 0_0, 0_1, or 0_2)
· If UL-related DCI is used, whether it is accompanied with UL grant or not
· Acknowledgment mechanism



Based on the above agreements, DCI formats 1_1 and 1_2 are the bases for Rel. 17 L1-based beam indication for unified TCI framework.  As discussed in Section 2.2, Rel. 17 FeMIMO should support multiple simultaneous active TCI states at a UE.  The existing Rel. 16 designs can be reused to enable that support.  In Rel. 16, support of two active TCI states for mTRP has been defined, including both single DCI and multi-DCI cases.  In single DCI case, enhanced MAC CE [3] can be used to enable the mapping of two TCI states to one TCI codepoint such that one TCI codepoint in TCI field in DCI formats 1_1 and 1_2 can indicate two different TCI states, one for each TRP.  In multi-DCI case, the coresetPoolIndex [4] in ControlResourceSet information element can be used to differentiate TCI states for different TRP. 
[bookmark: _Hlk58861061][bookmark: _Hlk58860960]Regarding UL-only beam indication, one way to support UL-only beam indication is to use DCI formats 1_1 and 1_2.  However, existing DCI formats 1_1 and 1_2 are used for scheduling transmissions of PDSCH on the downlink.  To use DCI formats 1_1 and 1_2 for UL-only beam indication, some enhancements are needed to differentiate between the usage for DL scheduling and for UL-only beam indication.  One method is to define an RNTI that is different from C-RNTI, CS-RNTI, and MCS-RNTI.  The CRC of the existing DCI formats 1_1 and 1_2 is scrambled by C-RNTI or CS-RNTI or MCS-RNTI.  The new RNTI, which we call “UBI-RNTI (UL beam indication RNTI)”, can be used to scramble CRC of the DCI.  The UE can then use this UBI-RNTI to descramble the CRC of the received DCI to identify whether the received DCI is for UL-only beam indication.
Another way to support UL-only beam indication is to define a new DCI format, which could be a standalone DCI (e.g., no PDSCH or PUSCH transmission follows the DCI).  The DCI can have a TCI field(s) indicating new UL beam(s) to be switched to.  The DCI can also contain channel group information (as discussed below) that the new beam(s) should be applied to.  In other words, the DCI comprises both the source RS(s) indicating the new beam(s) and the target channel(s) that the new beam(s) will be applied to.
For common beam indication across multiple channels, RRC configuration can be used to configure one or multiple groups of channels.  Channels within the same group share the same beam.  If the TCI state of one of the channels in the group is updated, the TCI state of the rest of the channels in the group will also be updated accordingly without additional signaling.  For example, if beam correspondence between DL and UL cannot be assumed, two group of channels can be defined where one group includes {PDSCH, PDCCH}, e.g., the DL group, and the other group includes {PUSCH, PUCCH, SRS}, e.g., the UL group.  The TCI state updates (beam indication) for the DL group and the UL group can then be operated separately.
The advantage of the new format approach compared to the reusing DCI formats 1_1 and 1_2 approach is that the new format approach is more flexible, easier to extend to cover cases such as standalone DCI, beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels.  It can also be used in DL-only beam indication.   
Based on the above analysis, we propose the following:
Proposal 4: FeMIMO supports reusing DCI formats 1_1 and 1_2 to enable support of multiple simultaneous active TCI states.   FeMIMO supports using new RNTI to scramble CRC of DCI formats 1_1 and 1_2 to differentiate between the usage of DL scheduling and UL-only beam indication. Consider new DCI format for UL/DL-only common beam indication.  

L1/L2-centric Inter-cell Mobility
In RAN1#103-e meeting, the following was agreed regarding L1/L2-centric inter-cell mobility.
	Agreement
On Rel-17 enhancements to enable L1/L2-centric inter-cell mobility: 
· The following use cases are assumed: 
· Network architecture: 
· NSA, i.e. LTE PCell and NR-PSCell 
· SA
· Intra-band CA 
· FFS: If inter-band CA is also included
· Intra- RAT (excluding inter-RAT) 
· Intra-frequency scenario: 
· The SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell
· An SSB of a non-serving cell is associated with a PCI different from the PCI of the serving cell
· FFS: Support for inter-frequency scenario
· FFS: Whether to support intra-DU only operation, or whether inter-DU is also allowed
· The following enhancement scope is assumed: 
· Facilitating measurement and reporting of non-serving RSs via incorporating non-serving cell info with some TCI(s), along with the necessary measurement and reporting scheme(s) 
· FFS: Detailed/exact method(s)
· FFS: Whether this also implies the support of beam indication (TCI state update along with the necessary TCI state activation) for TCI(s) associated with non-serving cell RS(s)
· FFS: Metric for the measurement and reporting, e.g. L1-RSRP or L3-RSRP or time- or spatial-domain-filtered L1-RSRP
· FFS: Beam-level event-driven mechanism, using serving cell RS and/or non-serving cell RS
· Facilitate serving cell to provide configurations for non-serving cell SSBs via RRC 
· FFS: details for the configurations, e.g. time/frequency location, transmission power, etc.
· FFS: other information needed for inter-cell mobility
· Note: In RAN1's understanding, non-serving cell SSB and non-serving cell RS can be part of the serving cell configuration
· FFS: The following enhancement scope is assumed by RAN1: 
· Whether RRC reconfiguration signaling is needed or not when a TCI associated with non-serving cell RS is indicated 
· A non-serving cell RS is an RS that is or has an SSB of a non-serving cell as direct or indirect QCL source 
· This implies no C-RNTI update when UE receives DL channel RS associated to non-serving cell RS as QCL source. 
· FFS whether TCI associated with non-serving cell can be indicated to or are applicable for all channels.
· Whether some RRC parameters need to be updated without additional RRC signaling, e.g. some RRC parameters are pre-configured, which are associated with TCI states with neighbor cell RS as QCL source
· Whether UE needs/can change serving cell during L1/L2-centric inter-cell mobility.
· The above assumption to be verified by RAN2



[bookmark: _Hlk58963399]Regarding whether UE needs/can change serving cell during L1/L2-centric inter-cell mobility, if the UE needs/can change serving cell, then the new target cell configuration parameters need to be transferred to the UE. This defeats the purpose of L1/L2-centric inter-cell mobility because of the RRC reconfiguration signaling.  Therefore, for the scope of L1/L2-centric inter-cell mobility, the UE should not change serving cell.
[bookmark: _Hlk58963485]If the UE does not change serving cell, the scope of L1/L2-centric inter-cell mobility would be mainly to enable the UE to measure and report beams of non-serving cell, e.g., by providing UE some TCI states that use non-serving cell RS as reference signal and include non-serving cell info such as PCI. 
Based on the above analysis, we propose the following:
Proposal 5: For the scope of L1/L2-centric inter-cell mobility, the UE should not change serving cell during L1/L2-centric inter-cell mobility.  The scope of L1/L2-centric inter-cell mobility would be mainly to enable the UE to measure and report beams of non-serving cell.    
Dynamic Beam Update based on Beam Report
For very high mobility scenarios, the propagation channel varies at faster rate, existing beam gets blocked and new beam appears more frequently. If beam management and indication could response fast enough to utilize the stronger channel and new beam, system performance can be improved. Beam updating decision is made by the network based on the beam measurement report performed and sent by the UE, e.g. L1-RSRP or L1-SINR. Often the measurement results are not filtered so it is an instantaneous indication of channel conditions or beam directions. We may consider update common beam without signalling in this case. For example, network may configure PDCCH search space on extra CORESET without QCL assumption initializations. After the UE sends beam measurement report on the uplink, the UE performs extra blind decoding of the PDCCH from search space on the extra CORESET with candidate QCL-Type-D assumption. The candidate QCL-Type-D assumption may be derived from the latest measurement report sent. Both the network and the UE derive the same candidate QCL-Type-D assumption by following the same agreed scheme. The network may or may not utilize the candidate QCL-Type-D assumption for common beam transmission.
To illustrate the latency reduction for beam indication based on the proposed method, Figure 3 shows the beam indication procedure for (a) dynamic beam update based on beam report (proposed method); and (b) existing schemes.  In Figure 3 (b), it  is assumed that the candidate beam reported in the UE’s L1-RSRP/L1-SINR report is not in the original TCI state pool so that the gNB needs to perform RRC reconfiguration of the TCI state pool, which incurs a latency of about 10 ms.  Also, according to [5], if the target TCI state is not in the active TCI state list for PDSCH, additional latency due to waiting for the first SSB transmission after MAC CE command is needed, which is indicated by the SSB transmission shown in Figure 3 (b).  This latency depends on the period of the SSB with a typical value of 20 ms.  Comparing Figure 3 (a) and (b), we observe that the propsed method can reduce the latency by approximately 30 ms from the existing schemes. The saving in latency of about 30 ms by the proposed method comes mainly from removing the RRC reconfiguration of TCI state pool (~10 ms) and removing the SSB waiting time (~20 ms).  With this latency reduction, the latency for beam indication can be reduced by about an order of magnitude by the proposed method. 
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[bookmark: _Ref58941569]Figure 3: Beam indication	procedure for (a) Dynamic beam update based on beam report; and (b) Existing schemes
Based on the above analysis, we propose the following:
Proposal 6: FeMIMO supports dynamic common beam update based on measurement report.  

Conclusions
In this contribution, we present our views on enhancement on multi-beam operation.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: FeMIMO supports separate TCI state pools for DL and UL for separate DL and UL TCI state update (beam indication).  The UL PC parameters (alpha/Po, and CL index) and PL RS are associated with an UL TCI state in a Rel-17 unified TCI framework. 
Proposal 2: FeMIMO supports multiple simultaneous active TCI states at a UE.  The source reference signal(s) in DL TCI(s) in a DCI provide QCL information at least for UE-dedicated reception on PDSCH and for UE-dedicated reception on the CORESET(s) associated with the DCI (e.g., the CORESET(s) that the DCI is carried on).
[bookmark: _GoBack]Proposal 3: FeMIMO supports enhancements on the content of TCI state, including the addition of PCI, groupID, and srs to the content of TCI state.
Proposal 4: FeMIMO supports reusing DCI formats 1_1 and 1_2 to enable support of multiple simultaneous active TCI states.   FeMIMO supports using new RNTI to scramble CRC of DCI formats 1_1 and 1_2 to differentiate between the usage of DL scheduling and UL-only beam indication. Consider new DCI format for UL/DL-only common beam indication.
Proposal 5: For the scope of L1/L2-centric inter-cell mobility, the UE should not change serving cell during L1/L2-centric inter-cell mobility.  The scope of L1/L2-centric inter-cell mobility would be mainly to enable UE to measure and report beams of non-serving cell.  
Proposal 6: FeMIMO supports dynamic common beam update based on measurement report.  
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