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[bookmark: _Hlk521259925]A new work item on NR_FeMIMO (Further enhancements on MIMO for NR) was approved in RAN#86 meeting [1]. In this contribution, we will discuss on enhancements for multi-beam operation.
Discussion on L1/L2-centric inter-cell mobility
On L1/L2-centric inter-cell mobility，the following agreements were mad in RAN1#103-e meeting [2]: 
	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





Fig. 1: Inter-gNB handover procedure.
As shown in Fig. 1, w.r.t. legacy L3-based inter-gNB handover procedure in Rel-15/16, the source gNB can provide partial or full RRC configuration information of the target gNB to the UE by HO command, which is simply forwarding of RRCReconfiguration message received in the HANDOVER REQUEST ACKNOWLEDGE from the target gNB [3].
Note that only minimum information set included in RRCReconfiguration message is specified (see TS 38.300 Clause 9.2.3), as following,
	The RRCReconfiguration message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention-based and contention-free random access can be included in the RRCReconfiguration message. The access information to the target cell may include beam specific information, if any.


Based on the above, UE receives RRC reconfiguration signaling message from HO command in Rel-15/16. From the agreement in last meeting, a TCI associated with target cell RS can be indicated to UE, and whether the RRC reconfiguration signaling or HO command is needed or not should be verified by RAN2.
If HO command is necessary, the configurations of SSB and RS of the target gNB can be configured to the UE by HO command, and UE can perform L1 measurement. If HO command is not necessary, the configurations of non-serving cell SSB and RS can be configured via RRC from the serving cell.
During the legacy handover procedure, random access procedure is initiated by UE to acquire the TA information. As shown in Fig. 2, to reduce the latency of random access procedures, 2-step RACH is supported in Rel-16. In our view, whether random access procedure is necessary for UE to access the target cell should also be verified by RAN2. 


           
Fig2: Random access procedures 
If random access procedure is necessary, UE can report CRI/SSBRI and corresponding L1-RSRP of target cell in Msg3 or MsgA, and UE would receive the TCI indication inss Msg4 or MsgB. Then, the target gNB can immediately transmit PDCCH or PDSCH via the selected beam after handover. If random access procedure is not necessary, how to indicate the TCI of target cell should be studied.
Based on above discussion, we have the following proposal:
Proposal 1: Whether random access procedure is necessary for UE to access the target cell should also be verified by RAN2.
Proposal 2: If HO command is necessary, the configurations of SSB and RS of the target gNB can be configured to the UE by HO command. Otherwise, the configurations can be configured via RRC from the serving cell.
Proposal 3: If random access procedure is necessary, UE can report CRI/SSBRI and corresponding L1-RSRP of target cell in Msg3 or MsgA, and UE would receive the TCI indication in Msg4 or MsgB.
Discussion on unified TCI framework
In RAN1#103-e meeting [2], the following agreements on unified TCI were mad: 
	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 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 .


According to the agreements, two separate TCI states are used for separate beam indication for UL and DL. In Rel-15/16, TCI framework is already used for DL beam management, and each DL TCI state contains one or two RSs. If two RSs are contained, the second RS is used to determine QCL Type D, or the spatial Rx parameter. For unified TCI framework, the QCL-TypeD RS of DL TCI is necessary for common beam indication, and hence two RSs should be included in the DL TCL state. 
Proposal 4: For separate beam indication, DL TCI states always contain two RSs, and the second RS is used to determine QCL Type D.
In Rel-15/16, SpatialRelationInfo or SRI are used for UL beam indication. On Rel-17 unified TCI framework, UL TCI state is used to determine common UL Tx spatial filter(s) for PUCCH, PUSCH, and optionally SRS. Regarding the content of UL TCI, only one RS is needed to provide a reference for UL Tx spatial filter(s). 
Another issue when designing the content of UL TCI is the PL RS and power control parameters. In Rel-15 and Rel-16, different PL RS and power control mechanisms can be used for PUCCH, PUSCH and SRS. For PUCCH, PL RS and power control related parameters are configured and activated together with PUCCH SpatialRelationInfo. For PUSCH, the mappings between SRI and PL RS and power control parameters for PUSCH are configured via RRC, and both the Tx spatial filter and the power control parameters for PUSCH are indicated from the SRI in DCI. For SRS, the configuration of spatialRelationInfo and the power control parameters are configured separately. The PL RS and power control parameters are configured per SRS resource set, while the spatialRelationInfo is configure per SRS resource. 
In our view, PL RS can be provided per TCI state, and the association between PL RS and TCI state can be configured per channel. For UL PC parameters (P0/alpha, CL index), the mechanism could based on the Rel-15/16 power control framework. Hence, we propose that the UL PC parameters for PUCCH can still be activated with UL Tx filter simultaneously, for example, the association between TCI and UL PC parameters for PUCCH can be configured. In Rel-15/16, SRI is used to determine the UL Tx filter, PL RS, PC parameters and port for PUSCH. In our view, UL Tx filter and PL RS can be determined from UL TCI, while the PC parameters and port for PUSCH can still be indicated by SRI. For SRS, the PC parameters can be configured in SRSResourceSet as in Rel-15/16.
Proposal 5: On Rel-17 unified TCI framework, PL RS can be provided per TCI state, and UL PC parameters(P0/alpha, CL index) for PUCCH/PUSCH/SRS can be configured analogous to Rel-15/16.
One FFS of last meeting is to discuss whether the UL TCI state is taken from a common/same or separate TCI state pool from DL TCI state. In our understanding, UL TCI is only used when beam correspondence is not assumed (e.g. MPE event),. We prefer that UL TCI states construct a separate pool so that the separate pool can be optionally configured and the number of TCI states in each pool can be smaller. 
Proposal 6: UL TCI state is taken from a separate TCI state pool from DL TCI state.
It is agreed that unified TCI can be applied to a set of configured CCs for intra-band CA, and two options are provide in last meeting. Option1 is sharing a single RRC TCI state pool among multiple CCs, and option2 is configuring RRC TCI state pool per individual CC. In Rel-16, updating beam across multiple CCs are supported, and the TCI state pool is per CC configured. From the indication flexibility perspective, we think option2 is better. 
Proposal 7: On Rel-17 unified TCI framework for CA, support configuring RRC TCI state pool per individual CC.
Discussion on dynamic TCI state update 
In RAN1#103-e meeting [2], the following agreements were stated: 
	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

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)

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



It was agreed in last meeting that DCI formats 1_1 and 1_2 can be used for joint or separate DL/UL beam indication. In our understanding, the use cases of beam indication include the following:     
· Case1: DL-only beam indication
· Case2: UL-only beam indication
· Case3: DL&UL beam indication, the DL and UL beams are the same common beam
· Case4: DL&UL beam indication, the DL and UL beams are different
For case 4, MAC-CE can associate two TCI states as Rel-16 multi-TRP, and for case1~3, one or more TCI states can be activated via MAC-CE. Then, TCI field in DCI formats 1_1/ 1_2 indicate one activated TCI state or associated TCI states. One issue is how the UE know the indicated TCI is for DL-only or UL-only or DL and UL. In our understanding, this issue is relevant to the design of joint and separate DL/UL TCI states pool. For example, if UL TCI states share the same pool of joint TCI, it is possible that the total number of TCI states is large, and one MAC-CE signaling could be used to active a number of UL-only and DL-only TCI states. If UL TCI states are taken from a separate pool, two ways can be considered. One is to use a MAC-CE active either joint TCI or separate TCI states. Another way is to use two MAC-CE signalings to respectively active the UL-only and DL-only TCI states. In this way, DCI should also indicate whether the TCI field is mapping to the activated UL-only TCI states or DL-only TCI states. 
Regarding whether additional DCI format should be used for UL-only beam indication, we think it is not necessary since DCI formats 1_1/1_2 are already supported, and new acknowledgment mechanism for UL DCI would be designed if additional DCI formats are supported.
Proposal 8: It is not necessary to use additional DCI formats for UL-only beam indication.
The agreements in last meeting provide some alternatives for the application time of beam indication. Different from the beam indication in Rel-15/16, a mechanism for UE to acknowledge the DCI contains beam indication would be defined. In our view, the indicated beam can be applied after the first slot that is at least X ms or Y symbols after the acknowledgment. If a new beam is indicated, beam switching will involved. Therefore, we support the minimum beam application time is defined by the UE capability.
Proposal 9: For the application time of beam indication, support the indication time defined as the first slot that is at least X ms or Y symbols after the acknowledgment, where the minimum beam application time is defined by the UE capability.
Discussion on MPUE and MPE issues
In RAN1#103-e meeting [2], the following agreements were made to solve MP-UE issue, 
	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


FCC has defined the basic restriction for maximum permissible exposure (MPE) to human body. In RAN4, P-MPR in power control and maxUplinkDutyCycle-FR2 in UE capability have defined to facilitate to electromagnetic power density exposure requirements. In general, UE needs to meet the restriction of MPE to human body at full transmission power before being commercialized. In real network, MPE event occurs when the UL beam is toward to human body, UE reaches full transmission power, and the percentage of UL symbols transmitted within 1s evaluation period is larger than maxUplinkDutyCycle-FR2, then UE applies P-MPRf,c for power reduction. It can be found that the MPE issue is a condition based small probability event for UE. Once the small probability MPE event occurs, UE could report the MPE issue to gNB. 
For non-beam correspondence, UL beam management is operated by SRS beam sweeping. For multi-panel UE, multiple SRS resource sets can be configured for beam management, and different SRS resource sets have different transmission power, which has already roughly considered the panel-specific power reduction due to MPE issue. For example, if one of the panel is directed to human body, the SRS resource sets transmitted from that panel will reduce the power to meet the requirements of MPE issue. Hence, based on SRS beam sweeping with panel-specific transmission power, gNB could select the best beam by considering both channel condition and UE transmission power.
For beam correspondence, UL beam is probably determined by DL beam reporting. Some beams are optimal for DL transmission by considering the L1-RSRP or L1-SINR, but for UL transmission, those beams may be directed to human body, which need to reduce the transmission power due to the restriction of MPE issue. In other words, the beam which is optimal for DL transmission may not be always optimal for UL transmission. Therefore, UL beams should be selected by considering both the L1-RSRP or L1-SINR and the power back-off due to MPE issue. Then, DL beam reporting could be enhanced to report the feasible TX beams for UL transmission, such as UE reports a certain SSBRI/CRI by associated with an additional parameter to inform gNB the feasible TX beam for UL transmission by considering MPE restriction.
Proposal 10: DL beam reporting could be enhanced to report a certain SSBRI/CRI by associated with an additional parameter to inform gNB the feasible TX beam for UL transmission. 
Conclusions
In this contribution, we share our views on enhancements for multi-beam operation. The observations and proposals are summarised as follows:
Proposal 1: Whether random access procedure is necessary for UE to access the target cell should also be verified by RAN2.
Proposal 2: If HO command is necessary, the configurations of SSB and RS of the target gNB can be configured to the UE by HO command. Otherwise, the configurations can be configured via RRC from the serving cell.
Proposal 3: If random access procedure is necessary, UE can report CRI/SSBRI and corresponding L1-RSRP of target cell in Msg3 or MsgA, and UE would receive the TCI indication in Msg4 or MsgB.
Proposal 4: For separate beam indication, DL TCI states always contain two RSs, and the second RS is used to determine QCL Type D.
Proposal 5: On Rel-17 unified TCI framework, PL RS can be provided per TCI state, and UL PC parameters (P0/alpha, CL index) for PUCCH/PUSCH/SRS can be configured analogous to Rel-15/16.
Proposal 6: UL TCI state is taken from a separate TCI state pool from DL TCI state.
Proposal 7: On Rel-17 unified TCI framework for CA, support configuring RRC TCI state pool per individual CC.
Proposal 8: It is not necessary to use additional DCI formats for UL-only beam indication.
Proposal 9: For the application time of beam indication, support the indication time defined as the first slot that is at least X ms or Y symbols after the acknowledgment, where the minimum beam application time is defined by the UE capability.
Proposal 10: DL beam reporting could be enhanced to report a certain SSBRI/CRI by associated with an additional parameter to inform gNB the feasible TX beam for UL transmission. 
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