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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 unified TCI framework
In RAN1#104-e meeting [2], the following agreements on unified TCI were mad: 
	Agreement
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types 

Agreement
On Rel.17 unified TCI framework, the following source RS types for UL TX spatial filter are supported:
· CSI-RS for tracking
· Note: SRS for BM, SSB, and CSI-RS for BM have been agreed in RAN1#102-e
· FFS (to be decided by RAN1#104bis-e): non-BM CSI-RS other than for tracking, non-BM SRS

Agreement
On Rel.17 unified TCI framework:
· For joint and separate DL/UL TCI, DL large scale QCL properties are inferred from one (qcl-Type1) or two RSs (qcl-Type1 and qcl-Type2) analogous to Rel.15/16
· For joint DL/UL TCI, UL spatial filter is derived from the RS of DL QCL Type D 
Agreement
On Rel.17 unified TCI framework, decide by RAN1#104bis-e:
· Whether DL or, if applicable, joint TCI also applies to the following signals. If not, FFS any other enhancement over Rel.15/16:
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· Whether UL or, if applicable, joint TCI also applies to the following signals
· Some SRS resources or resource sets for BM

Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework: 
· The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS
·  Select or modify from one of the following alternatives by RAN1#104bis-e for PUCCH, PUSCH, and SRS separately:
· Alt1. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
· Alt2. The setting of (P0, alpha, closed loop index) is included with UL or (if applicable) joint TCI state
· Alt3. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
· Alt4. The setting of (P0, alpha, closed loop index) is determined as in Rel-16 without enhancement

Agreement
On Rel.17 unified TCI framework:
· Select at least one of the following alternatives by RAN1#104bis-e for path-loss measurement (PL-RS): 
· Alt1. PL-RS can be included in UL TCI state or (if applicable) joint TCI state. 
· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state.  
· Alt2. PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state 
· FFS: Exact association mechanism 
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· Alt3. The periodic DL-RS used as a source RS for determining spatial TX filter can be used as PL-RS. In case the periodic DL-RS used as a source RS for determining spatial TX filter is not used as PL-RS, reuse Rel.16 procedure with the same signaling structure (MAC CE+SRI field in UL-related DCI) to indicate PL-RS for UL transmission with minimum enhancement (e.g. pertaining to the use for PUCCH, or using default PL-RS) 
· PL-RS is not additionally configured in or associated to UL TCI state or (if applicable) joint TCI state
· Alt4. UE calculates path-loss based on periodic DL RS configured as the source RS or a periodic QCL-Type-D/spatialRelationInfo source of the source RS in UL TCI state or (if applicable) joint TCI state 
· FFS: Whether UE can calculate path-loss based on DL periodic RS for path-loss calculation for UL RS in the UL TCI
· FFS: Application time of PL-RS
· NOTE: As in Rel-16, a UE does not expect to simultaneously maintain more than four path-loss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions 
· FFS: investigate the condition(s) agreed in Rel-17 and, if needed, study whether a UE can simultaneously maintain more than four path-loss estimates


Source RS of unified TCI state
In RAN1#104-e, it was agreed that the supported source/target QCL relations in Rel-15/Rel-16 is supported for QCL Type D of Rel-17 unified TCI. The agreement mentioned that whether SSB, CSI-RS for CSI, and/or SRS for BM are supported as source RS is FFS. We note that CSI-RS for CSI can be used as the source RS to determine the QCL of DM-RS of PDCCH and DM-RS of PDSCH in Rel-15/Rel-16. The related descriptions in TS38.214 are listed as follows.

	For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-  [omitted]
-	'typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.
For the DM-RS of PDSCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	[omitted]
-	' typeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'typeD' with the same CSI-RS resource.


We propose to update the agreements as follows.
Proposal 1: On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 are supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· CSI-RS for CSI
For the UL TCI, it was agreed that SRS for BM, SSB, and CSI-RS for tracking/BM could be used as the source RS. In our understanding, CSI-RS for CSI and SRS for other usage types can also be used to configure the UL spatial relation in Rel-15/Rel-16, and there is no reason to restrict the source RS of UL TCI to SRS for BM and CSI-RS for tacking/BM.
Proposal 2: On Rel.17 unified TCI framework, non-BM CSI-RS other than for tracking, non-BM SRS can be the source RS types for UL TX spatial filter.
UL PC parameters
In Rel-15 and Rel-16, different PL RS and power control mechanisms are 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/ 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 RAN1#104-e, four alternatives were listed for the configuration of PL RS and UL PC parameters(P0, alpha, closed loop index), respectively. In our view, PL RS can be provided per TCI state, and the association between PL RS and TCI state can be configured. For UL PC parameters ((P0, alpha, closed loop index)), the mechanism could based on the Rel-15/16 power control framework. For PUCCH, the UL PC parameters for PUCCH can be activated with UL Tx spatial filter simultaneously, and 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, 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 3: On Rel-17 unified TCI framework, PL RS can be associated with UL TCI state.
Proposal 4: On Rel-17 unified TCI framework, UL PC parameters(P0, alpha, closed loop index) can be provided as follows.
· For PUCCH, the setting of UL PC parameters is associated with UL or (if applicable) joint TCI state
· For PUSCH, the setting of UL PC parameters is indicated by SRI as Rel-15/Rel-16.
· For SRS, the setting of UL PC parameters is configured in SRSResourceSet.

TCI state pool for UL TCI
One remaining issue 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 5: UL TCI states are taken from a separate TCI state pool from DL/joint TCI state pool.
Discussion on dynamic TCI state update 
In RAN1#104-e meeting [2], the following agreements were stated: 
	

	Agreement
On Rel.17 unified TCI framework, by RAN1#104bis-e, down select or modify at least one from the following alternatives:
· Alt1. A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI 
· Details on dynamic indication are FFS
· FFS: UE capability for the support of joint DL/UL TCI and/or separate DL/UL TCI
· Alt2A. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via RRC signaling
· Alt2B. A UE can be configured with either joint DL/UL TCI, separate DL/UL TCI, or both via RRC signaling
· Alt3. A UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signaling
· Details on how this is signaled in relation to TCI activation are FFS
Agreement
On the Rel.17 DCI -based beam indication, in RAN1#104bis-e, down-select at least one of the following alternatives regarding the support of DCI format(s) for beam indication in addition to the agreed DCI formats 1_1/1_2 with DL assignment (in RAN1#103-e):
· Alt0: No additional DCI format is supported
· Alt1: DCI formats 1_1 and 1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Support DCI acknowledgment mechanism, e.g. based on SPS PDSCH release, based on triggered SRS , based on DCI indicating SCell dormancy
· FFS : How to identify DCI formats 1_1/1_2 used for beam indication only (not for scheduling a PDSCH reception, not indicating a SPS PDSCH release, or not indicating SCell dormancy), considering impacts on PDCCH coverage and scheduling mechanism 
· FFS : Whether the UE can/shall assume the gNB configured application time is after ACK transmission
· Alt2: Dedicated DCI format other than 1_1/1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Support DCI acknowledgment mechanism, e.g. based on SPS PDSCH release, based on triggered SRS , based on DCI indicating SCell dormancy
· FFS : If the format is based on an existing DCI format, how to identify the DCI format used for beam indication only
· FFS : Whether the UE can/shall assume the gNB configured application time is after ACK transmission
· Alt3: UL-related DCI formats 0_1/0_2 with UL grant, applicable only for UL-only TCI of separate DL /UL TCI 
Agreement
On the beam application time for Rel.17 DCI-based beam indication, 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
· FFS: the reference for defining the UE capability (e.g. from DCI reception or ACK transmission)
· FFS: whether a UE is allowed to report more than 1 values in case of MPUE
· FFS: the application time when DCI and applied channel(s) are on different CCs with same/different SCS(s)s

Agreement
On Rel.17 DCI-based beam indication, regarding application time of the beam indication: if beam indication is successfully received and the newly indicated beam in the beam indication is different from the previously indicated beam, down-select (no later than RAN1#105-e) one from the following. No other alternatives will be considered:
· Alt1: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the DCI with the joint or separate DL/UL beam indication
· Alt2A: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication 
· Alt 2B: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication, except that the (new) TCI state update can be applied to the PDSCH, if it exists, (scheduled by the beam indication DCI) and corresponding ACK transmission (provided that the time offset between the DCI and the scheduled PDSCH exceed the threshold, analogous to Rel.15/16) 
· Alt2C: Support both Alt1 and Alt2A, and introduce a UE capability that indicates the support of Alt1 or Alt2A
· Alt3: the first slot that is at least X1 ms or Y1 symbols after the [first/last] symbol of the DCI with beam indication and X2 ms or Y2 symbols after the [first/last] symbol of the acknowledgment of the beam indication
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y


In RAN1#103-e, it was agreed 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 different
· Case4: DL&UL beam indication, the DL and UL beams are the same common beam
Case 1~ 3 could be indicated from separate UL/DL TCI, and case 4 could be indicated from joint TCI. In our understanding, the TCI state for the separate DL indication is the same as or can be represented by joint DL/UL TCI, and hence for DL-only beam indication, the DL beam can be indicated from the joint UL/DL TCI pool. Considering that the content of UL TCI states are different from the DL, and UL TCI states can be optionally configured, we think the UL TCI states can be taken from a separate pool. To enable UE to differentiate the TCI is for DL-only or UL-only or joint DL/UL, MAC-CE signaling can be considered. 
Proposal 6: On Rel.17 unified TCI framework, a UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signalling.
Regarding whether additional DCI formats should be used for UL-only beam indication, four alternatives are provided in last meeting. We think it is not necessary to consider Alt2 and Alt3, since DCI formats 1_1/1_2 are already supported and it would bring many changes to the existing DCI formats.  
Proposal 7: It is not necessary to consider Alt2 and Alt3 for 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, and the reference for defining the UE capability should from ACK transmission.
Proposal 8: For the application time of beam indication, support the reference for defining the UE capability from ACK transmission.
Discussion on MPUE and MPE issues
In RAN1#104-e meeting [2], the following agreements were made to for fast UL panel selection and MP-UE mitigation, 
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, 
· On further enhancing the P-MPR report in Rel.16 (already agreed RAN4 framework, including triggering), down select between beam-level and panel-select reporting
· On SSBRI(s)/CRI(s) and/or indication of panel selection, focus study on the following: 
· Reporting of at least SSBRI(s)/CRI(s) to indicate gNB beam(s) that is feasible for UL transmission: additional reporting quantities are FFS
· Reporting of at least an indicator associated with a UE ‘panel’ that is feasible for UL transmission: additional reporting quantities are FFS
· Note: Just as agreed in RAN1#103-e, the purpose is to assess whether specification is needed or not
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection,
· Rel.17 TCI state update (based on MAC CE + DCI along with the necessary TCI state activation, or MAC CE only) can be used for UE UL panel selection:
· FFS : Whether specification support for this feature is necessary and if so the details of such spec support, e.g.  
· Additional spec support in TCI state definition to accommodate UL panel
· UE reporting to facilitate UL panel selection
· UE reporting, e.g. panel-specific report, including UE -panel state, e.g. inactive, active for DL /UL measurement, active for DL reception only, active for UL transmission, or other combination(s) of UE -panel states
· Support for linking or association of UE panels with CSI-RS/SSB resources or resource sets, SRS resource sets, and/or PUCCH resource groups, etc.
Agreement
On Rel.17 enhancements to facilitate MPE mitigation, decide in RAN1#104bis-e whether to support at least one the following (not necessarily, but can be, in one reporting instance):
· {Rel.16 P-MPR based (beam/panel-level)} + {A}, where A is either Opt1A, Opt1B, Opt1C, or Opt1D:
· Option 1A: Virtual PHR or a modified version associated with each activated UL TCI or, if applicable, joint TCI
· Option 1B: {SSBRI(s)/CRI(s) and/or panel indication}
· Option 1C: {SSBRI(s)/CRI(s) and/or panel indication} + virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 1D: No additional reporting quantity
· {SSBRI(s)/CRI(s) and/or panel indication} + {A}, where A is either Opt2A, Opt2B, Opt2A+ Opt2B, or Option 2C
· Option 2A: L1-RSRP [L1-SINR] or a modified version that accounts for MPE effect associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
· FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
· FFS: Whether/how to enhance existing beam reporting format to support Option 2A
· Option 2B: Virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 2C: No additional reporting quantity
Agreement
On Rel.17 enhancement for facilitating fast uplink panel selection, for discussion purpose, a panel entity corresponds to one or more RS resources:
· For CSI/beam reporting, the RS resource is an RS associated with measurement and/or reporting
· For beam indication, the RS resource is a source RS for UL TX spatial filter information
· Note: For one RS resource, the corresponding panel entity may vary and is controlled by the UE, and whether/how to maintain a common understanding between gNB and UE can be further discussed/decided
· Note: The above does not preclude possibility that an RS resource can be mapped to multiple panels
· Note: The one or more RS resources may correspond to one or more RS resource set(s) depending on further discussion/decision
· Note: Specification should not be designed in such a way that the UE is required to disclose its antenna implementation


In RAN1#103-e, several use cases for fast uplink panel selection have been discussed, including MPE mitigation, UE power saving, UL interference management, UL mTRP, and so on. Moreover, UE initiated panel activation and panel selection has been supported, and UL Tx panel(s) are assumed to be a same or subset of DL Rx panel(s). It is possible that some panel(s) can only be used for DL reception, and UE may change the UL Tx panels due to rotation or MPE. To ensure the performance, gNB and UE should have the same knowledge of the DL Rx panel(s) and UL Tx panel(s), and hence specification support is needed. 
Proposal 9: Specification support is needed to facilitate gNB and UE have the same knowledge of the DL Rx panel(s) and UL Tx panel(s).
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. The additional parameter can be L1-RSRP or a modified version that accounts for MPE effect.
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. The additional parameter can be L1-RSRP or a modified version that accounts for MPE effect.
Conclusions
In this contribution, we share our views on enhancements for multi-beam operation. The observations and proposals are summarised as follows:
Proposal 1: On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 are supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· CSI-RS for CSI
Proposal 2: On Rel.17 unified TCI framework, non-BM CSI-RS other than for tracking, non-BM SRS can be the source RS types for UL TX spatial filter.
Proposal 3: On Rel-17 unified TCI framework, PL RS can be associated with UL TCI state.
Proposal 4: On Rel-17 unified TCI framework, UL PC parameters(P0, alpha, closed loop index) can be provided as follows.
· For PUCCH, the setting of UL PC parameters is associated with UL or (if applicable) joint TCI state
· For PUSCH, the setting of UL PC parameters is indicated by SRI as Rel-15/Rel-16.
· For SRS, the setting of UL PC parameters is configured in SRSResourceSet.
Proposal 5: UL TCI states are taken from a separate TCI state pool from DL/joint TCI state pool.
Proposal 6: On Rel.17 unified TCI framework, a UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC CE signalling.
Proposal 7: It is not necessary to consider Alt2 and Alt3 for beam indication.
Proposal 8: For the application time of beam indication, support the reference for defining the UE capability from ACK transmission.
Proposal 9: Specification support is needed to facilitate gNB and UE have the same knowledge of the DL Rx panel(s) and UL Tx panel(s).
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. The additional parameter can be L1-RSRP or a modified version that accounts for MPE effect.
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