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Enhancement of multi-beam operation is an important part of R17 feMIMO WI [1]. Discussion on multi-beam operation has been ongoing since RAN1#102e [2][3][4]. In this contribution, we present our opinion on unified TCI framework, dynamic TCI update, L1/L2-centric inter-cell mobility, UE panel indication, MPE, and latency and overhead reduction. 
Discussion
Unified TCI framework 
The following agreements are reached in RAN1#104e regarding unified TCI framework and dynamic TCI update:
	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 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 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

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 type for TCI state
RAN1 has agreed to allow TRS and CSI-RS for beam management as reference RS for DL TCI and joint DL/UL TCI. On top of that, SSB shall be configured as QCL-TypeD in a TCI state as well. Because SSB can be used for UL TCI spatial relation, to use SSB for DL TCI makes it applicable in joint DL/UL TCI state. This also helps the CA scenario where SSB is transmitted in one CC to provide DL RX beam, and type-A QCL is provided by a TRS in another CC to provide time and frequency information. 

For UL TCI, SRS for beam management can be used as reference RS. To allow SRS for beam management as DL QCL-TypeD will streamline the TCI design for UL and DL, and opens the possibility for using SRS-BM for joint DL/UL TCI. Because SRS does not provide UE with delay/Doppler information, another DL RS (TRS or CSI-RS for beam management) is required to serve as QCL-TypeA. The DL RS should also be the spatial relation information for the SRS. To configure the SRS-BM (instead of the DL RS) for UL TCI spatial relation makes it possible to use the detailed spatial information of fine-tuned SRS-BM for higher resolution. Therefore SRS-BM shall be allowed as source RS for both UL and DL TCI.
Proposal 1: Allow SSB as QCL-TypeD RS for DL or joint DL/UL TCI.
Proposal 2: Allow SRS-BM as QCL-TypeD RS for DL or joint DL/UL TCI.


· Type of RS DL and UL TCI apply to
We see some benefit for applying the DL TCI (or common DL/UL TCI) to DL RS in addition to PDSCH/PDCCH in terms of quickly updating the DL spatial information without additional signaling. The CSI-RS supported shall include CSI-RS resource for CSI acquisition and TRS. For UL TCI, the TCI state can be applied to SRS for codebook and for non-codebook, and SRS for antenna switching. However, if it applies to all the DL RS (CSI-RS for CSI, CSI-RS for BM, TRS) simultaneously, the ability to fine tune the DL beam, for example in the P2 process of beam management, will be lost. It shall be selectively applied to a subset of CSI-RS resources to reduce the signaling overhead without losing the flexibility for fine-tuning. For the same reason, if UL TCI can be applied to SRS, it is necessary to signal the SRS resources it applies to. The RS resources can be grouped into several different subsets, where each subset shares the same DL or UL TCI states. A bitmap can be added to DCI format indicating the TCI state to signal which subset(s) shall apply the signaled TCI.     
Proposal 3: DL or joint DL/UL TCI can be applied to subset of CSI-RS for CSI and TRS.
Proposal 4: UL TCI can be applied to subset of SRS resources.
Proposal 5: The new TCI applies to subset(s) of RSs signaled in a bitmap in the same DCI. 

· Determination of joint DL/UL TCI and separate DL/UL TCI
If there is only a single pool of TCI states covering DL, joint DL/UL and UL TCI, there is no ambiguity in determining what TCI state is signaled by a DCI. The need to distinguish joint DL/UL TCI or separate DL and UL TCI arises when multiple TCI state pools are defined by RRC, and which pool to use depends on the context. If from the TCI signaling DCI, the UE can determine which channels and signals the TCI state applies to, it is necessary for the UE to tell which TCI state pool to use. Therefore we think Alt1 (A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI) shall be supported. 
Proposal 6: A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI (Alt1).

· Power control parameters
Since RAN1 has agreed on using SRS for UL TCI state, it excludes the possibility that the same RS is reused as the path loss reference RS. It is necessary to associate, not include, the PL-RS with a TCI state. The PL-RS of the SRS used as UL TCI state, such as a TRS or CSI-RS for BM, can be used as PL-RS.

In R16, the UL power control parameters for PUSCH, including P0, alpha, and closed loop index, can be dynamically changed with SRI. Different channels are also configured with different UL power parameters. Following the same principle, a TCI state shall not include a set of PC parameters for all the channels. Different channels with the same UL TCI shall be allowed to have different PC parameters to provide the 
a given TCI state to provide flexibility. Consequently the PC parameters, (P0, alpha, and closed loop index) shall not be part of the TCI state, but multiple sets of PC parameters can be associated with a TCI state. The assignment of PC parameters associated with a TCI state to different UL channels and SRS resources needs further study.
Proposal 7: PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state.
Proposal 8: The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state.

L1/L2-centric inter-cell mobility
The following agreement is achieved in RAN1#104e on L1/L2-centric inter-cell mobility:
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On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· A quality of up to K beams associated at least with non-serving cell(s) can be reported in a single CSI reporting instance 
· For each beam, the UE can report at least: (1) a Measured RS Indicator, and (2) a Beam Metric associated with the Measured RS Indicator
· FFS: Maximum value of K 
· FFS: If K is fixed, configured, reported by UE capability, or dynamically selected  
· FFS: The type of beam metric (e.g. L1-RSRP, L3-RSRP, or hybrid L1/L3-RSRP) and related measurement behavior 
· FFS: Whether or not beam reporting associated with non-serving cell(s) can be mixed with that with serving-cell in one reporting instance

On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
· Whether the support applies to CSI-RS with or without QCL source, or both
· FFS: The number of non-serving cell(s) for measurement/reporting 
· FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
· FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
· FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE
· FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement

Agreement
On Rel.17 enhancements for L1/L2-centric inter-cell mobility, 
· Discuss whether to support at least the source RS types already agreed for intra-cell mobility for the purpose of referencing to non-serving cell(s). Note: This implies the following source RS(s): 
· CSI-RS for BM configured for non-serving cell(s) for DL QCL and UL TX spatial references
· CSI-RS for tracking (TRS) configured for non-serving cell(s) for DL QCL and UL TX spatial references
· SSB configured for non-serving cell(s) for UL TX spatial references
· SRS for BM configured for non-serving cell(s) for UL TX spatial references
· FFS: whether to support CSI-RS for mobility 
· FFS: whether to support other source RS(s) potentially agreed later for intra-cell mobility
· FFS: whether to support CSI-RS for BM and tracking configured for non-serving cell(s) and without non-serving cell SSB as QCL-TypeD source
· Send an LS to RAN2 on TCI state update (beam indication) using source RS configured for non-serving cell(s) for DL reception and UL transmission. The following topics are considered for the LS: 
· RRC configuration issues
· Serving cell issues
· C-RNTI issues
· Issues related to CU-DU split
· Inter-band CA issues
· Inter-frequency issues




In Rel-15/16, handover is performed by the UE when it moves from the coverage of serving cell to the coverage of another cell. The NW configured a set of resource, e.g. SSB resource from non-serving cells or CSI-RS associated and QCLed with SSB from non-serving cells for mobility, used for measurement for mobility and a set of conditions for reporting.  A list of non-serving cells can be configured to be monitored by the UE. Different from CSI measurement and reporting, measurement for mobility/handover is based on L3-filter. For event-based reporting, if the L3 measured result is above a certain threshold, the UE will report the L3 measurement result to the gNB by requesting a normal PUSCH. 

The NW could make the HO decision based on the received L3 measurement report and transmits a RRC reconfiguration to the UE to trigger the HO procedure. The UE will initiate RACH to the target cell. When the UE successfully access to the target cell, the target cell shall confirm that the HO is completed.
The traditional HO procedure is based on L3 measurement and RRC signaling. For example, the UE can only sent the measurement results by requesting a normal PUSCH initiated by RRC layer. Meanwhile, the HO command is also sent by RRC re-configuration signaling. When the cell edge condition getting worse, the HO procedure may be interrupted due to the worse channel condition in cell edge. Although L1-RSRP has been adopted in the last meeting, we think L3-RSRP is more consistent with the existing handover procedure. It avoids the ping-pong problem caused by frequent fluctuation of L1-RSRP and is therefore better suited for gNB to make handover decision. For latency reduction, L3 measurement results can be directly reported in the CSI report. Considering that multiple measurement samples are required to obtain a stable filtered result,  it can be firstly introduced for periodic and semi-persistent CSI reporting.
Proposal 9: Introducing L3 measurement results, e.g., L3-RSRP, in CSI-Report at least for periodic and semi-persistent CSI reporting.

Dynamic beam indication
The following agreements are reached in RAN1#104e regarding dynamic beam indication:
	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




· TCI indicating DCI format
During RAN1#104e meeting, RAN1 has agreed to use at least DCI format 1_1/1_2 with DL assignment. If the R16 DCI format 1_1/1_2 and PDSCH transmission procedure are reused, the TCI indicated by the TCI field applies to the PDSCH scheduled. It will not be able to indicate a separate UL TCI for the case of separate DL and UL TCIs. To use TCI to indicate separate UL TCI state requires additional field to signal to the UE which channels the TCI applies to. A bitmap can be added to the DCI format 1_1 and 1_2 for this purpose. Groups of channels and resources always sharing the same (DL and/or UL) TCI may be defined by RRC or MAC-CE, and each group is represented by a single bit in the bit map to indicate whether the new TCI state applies to the group or not. When the DL TCI applies to user specific PDSCH and PDCCH, and the UL TCI applies to PUSCH and PUCCH, two bits are required to signal whether the TCI state applies to the DL channels, to the UL channels, or both DL and UL channels.
Proposal 10: Add a bitmap field to DCI format 1_1/1_2 with DL assignment to signal which channels and resources the TCI applies to.

Several other possible alternatives to use DCI formats other than DCI format 1_1/1_2 with DL assignment were discussed in the RAN1#104e meeting. Given DCI format 1_1/1_2 with DL assignment is already supported, most benefit comes from adding DCI format 0_1/0_2 with UL grant for updating UL-only TCI (in the case of separate DL/UL TCI). We can add a TCI field into DCI format 0_1/0_2 similar to the TCI field in DCI format 0_1/0_2 for UL TCI indication. For UE without beam correspondence, separate DL TCI and UL TCI state pools can be configured, and the TCI field in DL scheduling DCI (format 1_1/1_2) and in UL scheduling DCI (format 0_1/0_2) points to different TCI pools. This helps to increase the beam switching flexibility and reduce the DCI overhead. 
Proposal 11: Use DCI format 0_1/0_2 with UL grant to indicate UL only TCI.

· Beam application time
When gNB sends a DCI 1_1/1_2 to a UE to update its beams, it can only start applying the new beams after receiving a confirmation ACK from the UE. It is necessary for the gNB to wait for the corresponding ACK before knowing whether it can apply the new beams or not. Therefore the first slot that it can apply the new beam shall be after the last symbol of the ACK of the joint or separate DL/UL beam indication. This is different from the PDSCH scheduled by the same DCI format 1_1/1_2. For the PDSCH scheduled by the same DCI, the R15/16 spec already defines what RX beam the UE shall use to receive it, and there is no need to receive a confirmation of the DCI. Among the alternatives agreed in RAN1#104e meeting, we think Alt 2A best reflects these requirements and shall be adopted.
Proposal 12: Adopt Alt2A for the application time of the beam indication: the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.


When the new beam indicated by the DCI is different from the previous beam, the UE shall be allowed enough time to switch to the new beam to receive or transmit with it. The R15/16 spec already defines a RRC parameter (timeDurationForQCL) for the DL. When the new beam is indicated by a DCI, the UE is ready to receive with the new DL TCI after timeDurationForQCL from the last symbol of DCI. The UE capability parameter timeDurationForQCL can be reused here. Because the TX and RX circuits are different, the time UE requires to switch to a new TX beam is different than the time required to switch to a new RX beam. This makes it necessary to consider the time for DL beam switching and for UL beam switching time separately. According to RAN4, the switching time within the same panel and with the same UL timing is 5us. RAN4 needs more discussion to conclude the transient period for cases with cross panel beam switch and/or if the spatial filter to transmit the beam is unknown and/or UL timing is different between different UL beams. Different TA values may be needed for different UL TCI states. RAN1 shall make the decision regarding the application time of UL TCI states following RAN4’s decision on this issue.
Proposal 13: Reuse the UE capability timeDurationForQCL for minimal DL beam switching time. 
Proposal 14: Introduce a new UE capability parameter for minimal UL beam switching time. 

· On ACK for TCI indicating DCI
When DCI format 1_1/1_2 with DL assignment is used to update the TCI, gNB needs a positive acknowledgement from the UE before the new TCI state becomes effective. When a PDSCH is scheduled by the same DCI, while an ACK for the PDSCH is sent by the UE, this ACK is not the proper vehicle for the UE to inform the gNB it has received the DCI. First, the reliability of the PDCCH is much higher than the reliability of the PDSCH. If the ACK/NACK of the PDSCH is reused as the ACK/NACK of the PDCCH carrying the DCI, the will be many instances that the UE receives the DCI correctly but the PDSCH incorrectly, and the TCI state cannot be updated because of the NACK sent to the gNB. This leads to unnecessary retransmission of the TCI updating DCI. The extra delay caused by retransmission of DCI may lead to beam failure unnecessarily because the new TCI cannot be installed in time. This negates the key benefit of TCI updating mechanism with DCI. To improve the latency and reliability of TCI update using DCI, a dedicated bit in the HARQ-ACK codebook corresponding to the PDSCH shall be used as an explicit ACK/NACK for the DCI. Depending on the configuration of the HARQ-ACK codebook of the PDSCH, a bit can be made available for this by compressing the HARQ information bits of the PDSCH, or added to the existing HARQ information bit(s).  
Proposal 15: Use a dedicated ACK/NACK bit in the HARQ-ACK codebook of the scheduled PDSCH as acknowledgement of the DCI.    

· On updating TCI for multiple CCs and BWPs
In R15/16 TCI framework, activation of TCI state or spatial relation information for PDCCH and PUCCH applies the TCI state/spatial relation in the signaled CC and BWP. When simultaneous TCI update lists or simultaneous spatial relation update lists are configured, the TCI state or spatial relation applies to the corresponding channels in other CCs too. We think such mechanism for updating the TCI for multiple CCs should be supported with both L1-based and MAC-CE based TCI updates, and should be applied to PDSCH and PUSCH as well as PDCCH and PUCCH. Similarly, simultaneous TCI updates for multiple BWPs should also be supported. 
Proposal 16: Support simultaneous TCI update for multiple CCs and for multiple BWPs.

· On updating TCI with MAC-CE
Per previous agreements, MAC-CE can be used to update the TCI for DL and UL TCIs. For UEs with beam correspondence, a single TCI may suffice for both DL and UL. When such a TCI is signaled in a MAC-CE, it may automatically apply to both DL and UL channels. For UE without beam correspondence, SRS used for beam management can be set as the spatialRelationInfo for SRS and PUCCH. In addition to TCI-state, UL-TCI-state, can be introduced for DCI based dynamic TX beam indication for PUSCH. MAC CE based UL-TCI-state activation for UE-specific PUSCH transmission can also be introduced similar with MAC CE based TCI state activation for UE-specific PDSCH transmission. However, both UL TCI state and DL TCI states are usually required to be updated at the same time. Simultaneous UL TCI state and DL TCI states updating by a same MAC CE can be introduced for overhead and latency reduction. For example, the TCI activation MAC-CE for PDCCH indicates the common DL TCI for both PDCCH and PDSCH, and the spatial relation activation MAC-CE for PUCCH indicates the common UL beam for both PUCCH and PUSCH. In the case of TCI update using L1-signals, MAC-CE can also be used to define groups of channel sharing the same TCI state to reduce the latency and overhead for L1 TCI updates.  
Proposal 17: Support simultaneous TCI state updating for UL and DL in a same MAC-CE.
Proposal 18: Consider combined MAC CE-DCI approach to reduce the latency and overhead for TCI updates.
As we know that a DL common beam can be used for all PDSCHs and all or subset of CORESETs and a UL common beam can be used for all PUSCHs and all or subset of PUCCHs. In general, the beams for CORESETs and PUCCHs are wide for better coverage and the beams for PDSCH and PUSCH is narrow to obtain higher throughput. Therefore, a common beam is highly possibly a wide beam to ensure the coverage of CORESETs or PUCCHs. And the beam of a PDSCH or a PUSCH scheduled by a DCI is indicated by the scheduling DCI in R15/16 which can be a narrow beam. However, it’s not clear whether a PDSCH or a PUSCH can use another beam indicated by a legacy DCI which is not used for common beam indication when a common beam is applicable for DL or UL in R17. Considering the efficiency of data transmission, coexistence of common beam indication and beam indication only for one PDSCH/PUSCH is valuable to be supported in our opinion. Therefore, whether a PDSCH or a PUSCH can be use another beam indicated by a legacy DCI should be determined first. And we propose that:
Proposal 19: Determine whether a PDSCH or a PUSCH can use another beam indicated by a legacy DCI which is not used for common beam indication when a common beam is applicable for DL or UL.
If a legacy DCI format 1_1 or format 1_2 can have a TCI filed to indicate a beam for a PDSCH while a common beam can be indicated by a DCI, then how to distinguish DCIs for indicating common beams from legacy DCIs should be studied. For example, a dedicated search space set can be configured for DCIs’ transmission where all these DCIs are for common beam indication. Therefore, we propose that:
Proposal 20: Further study how to distinguish DCIs for indicating common beams from legacy DCIs.
Since DCI format 1_1 and DCI format 1_2 can be used to indicate a common beam, there should always be a TCI filed present in the DCI for beam indication. Therefore, how to ensure there is a TCI field in the DCI for common beam indication should be studied. As we know that, whether there is a TCI field in DCI format 1_1 and DCI format 1_2 is determined by the RRC parameter tci-PresentInDCI for DCI format 1_1 and RRC parameter tci-PresentForDCI-Format1-2-r16 for DCI format 1_2. And the two RRC parameters are configured per CORESET. If a dedicated search space set is configured for DCIs’ transmission which are used to indicate common beams, in order to make sure a DCI for a common beam indication has a TCI field, one way is that the CORESET which the dedicated search space set is associated with is always configured with tci-PresentInDCI as ‘enable’ and tci-PresentForDCI-Format1-2-r16 as ‘enable’; and the other way is that all the DCIs in the dedicated search space set for common beam indication always have a TCI filed and ignore the two RRC parameters tci-PresentInDCI and tci-PresentForDCI-Format1-2-r16 configured for the CORESET where the dedicated search space set is associated. Based on the analysis above, we propose that:
Proposal 21: Determination of a TCI field in the DCI for a common beam indication is FFS.

UE panel information indication and updating
The following agreements are reached in RAN1#104e regarding multi-panel UE:
	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.





UE panel assumption has been agreed to make the design for multiple UE panels easier. And UE can be equipped with multiple panels where one or more panels can be activated in a time. Multiple activated panels on UE side can bring spatial diversity, and UE needs to inform gNB for better scheduling. Explicit definition (panel definition) or implicit definition (antenna or resource groups) can be considered, giving the gNB different degrees of insight to the UE hardware implementation. The original UE panel configuration can be reported to gNB by UE’s capability report. Which panel the UE uses to receive in the DL is as important as which beam to use for reception. This adds another dimension to the signaling design and needs to be incorporated into CSI reporting. Similarly, the gNB also needs to signal to the UE which panel to use for PUSCH or SRS transmission. The status of UE panel also needs to be reported to the gNB. Depending on the UE battery/power saving status, UE may deactivate (power off) some panels to save power.
If gNB does not know the current panel status in UE side, it may schedule the UE with a beam corresponding to the deactivated panel, causing network resource waste and throughput reduction. The updating of UE’s activated panel information should be informed to gNB timely, and how to report the updating information timely need be determined. An explicit panel ID can be defined and is associated with a set of beams. The panel ID can be included in the UE report to facilitate panel selection. Based on the analysis above, we propose that:
Proposal 22: Explicit panel ID should be defined for panel related state information reporting.
After gNB knows the activated panel information of a UE, it should schedule beams corresponding to the activated panels for the UE. As we know, a SSB, a CSI-RS resource or a SRS resource is used to indicate a beam of DL and UL transmission in NR, therefore, gNB should know which activated panel a SSB/CSI-RS/SRS is associated with in advance to schedule a beam for transmitting a UL or DL. The association relation between a beam and an activated panel should be maintained in gNB for scheduling. This association relation can only be originally obtained by the beam management in UE side, therefore, UE should report it to gNB. Explicit way and implicit way of reporting the association relation between beam and activated panel can be designed. For example, an explicit or implicit panel ID can be reported with L1-RSRP/L1-SINR report to indicate the association between a DL beam and an activated panel by an explicit way. On the other hand, if UE reports multiple groups of RSs with enhanced group-based beam reporting, where all the RSs of a group are associated with an activated panel, this can be considered an implicit form of RS-panel association.  Both of explicit way and implicit way have specification impact and which one should be supported should be determined after the further studying the pros and cons of the two ways carefully. Based on the analysis before, we propose that:
Proposal 23: Report the association relation between a beam and an activated panel to gNB as part of beam reporting.
Proposal 24: Study both explicit and implicit method of reporting of the association between a beam and an activated panel.

MPE mitigation
The following agreements are reached in RAN1#104e regarding MPE:
	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 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




Because only one panel can transmit at a time, power exposure is on a panel basis. When MPE event occur, it is necessary to switch to another panel for transmission. It is more efficient to report PHR on per-panel basis than per-beam basis. 
Proposal 25: PHR shall be reported on per panel basis for panel selection. 

Latency and overhead reduction 

	Agreement
On Rel.17 enhancements based on the unified TCI framework, perform study and, if needed, specify the following:
· Group1: Beam management with reduced DL signaling to reduce latency
· Group2: Reducing activation delay of TCI states and PL-RSs (including other WGs, e.g. RAN4)
· On RAN4-related matters, assessment/study phase can be done in RAN1. If RAN4-based enhancements are found necessary, a LS to RAN4 will be sent (to prepare RAN4 work)
Note: Given its dependence on the maturity compared to other issues (1 to 5), when to start the work and how much work is done on issue 6 should depend on the progress on the other issues.
Note: Aim for at most one solution for each of the group in Rel-17 to address issue 6




Overhead and latency reduction is a very important topic for the on multi-beam operation, and a lot of enhancements are specified in Rel-16. For example, a lot of new MAC CEs based updating/reconfiguration are designed to reduce the configuration overhead and latency such as MAC CE based spatial relation updating for aperiodic SRS and MAC CE based pathloss reference RS updating for PUSCH and SRS in Rel-16. Besides, simultaneously updating of TCI states and spatial relation for PDSCH/PDCCH and PUSCH/PUCCH/SRS for multiple cells by a MAC CE is also specified in Rel-16. For multi-beam operation, enhancement on overhead and latency reduction is still an important topic and should be discussed and studied in Rel-17. This is especially important for high mobility UEs such as UEs on high speed train. Therefore, those channels whose RRC configurations may be updated frequently should be discussed to see whether it can be updated by dynamic control signaling such as MAC CE or DCI. For example, for SRS resource set configured with the usage as ‘non-codebook’, an associated NZP CSI-RS can be configured for it. Besides, as we know that the spatial relation information of SRS resources in the SRS resource set configured with ‘non-codebook’ and the associated NZP CSI-RS for the SRS resource set should not be configured simultaneously. Consider the overhead of configuring associated NZP CSI-RS for the SRS resource set is smaller than the overhead of configuring the spatial relation information for each SRS resource in the SRS resource set, it’s better to configure an associated NZP CSI-RS for the SRS resource set while not configure spatial relation information for SRS resources in the set. However, the associated NZP CSI-RS can only be configured by RRC for the SRS resource set configured with ‘non-codebook’ whose updating has a large overhead consumption and a large latency especially for aperiodic SRS resource set. In order to reduce the overhead and latency of updating of associated NZP CSI-RS for SRS resource set configured with ‘non-codebook’, a MAC CE can be designed to indicate the associated NZP CSI-RS for the set. Therefore, we propose that:
Proposal 26: Introduce dynamic control signaling such as MAC CE or DCI to further reduce overhead and latency for RRC configuration.
Proposal 27: Design a MAC CE to indicate the associated NZP CSI-RS for SRS resource set configured with ‘non-codebook’ in order to reduce the overhead and latency.


Conclusion
We have discussed unified TCI framework, dynamic TCI update using DCI and MAC-CE, L1/L2-centric inter-cell mobility, multi-panel UE, MPE, and further optimization of multi-beam operation for R17 FeMIMO. Our proposals are summarized as below:

Proposal 1: Allow SSB as QCL-TypeD RS for DL or joint DL/UL TCI.
Proposal 2: Allow SRS-BM as QCL-TypeD RS for DL or joint DL/UL TCI.
Proposal 3: DL or joint DL/UL TCI can be applied to subset of CSI-RS for CSI and TRS.
Proposal 4: UL TCI can be applied to subset of SRS resources.
Proposal 5: The new TCI applies to subset(s) of RSs signaled in a bitmap in the same DCI. 
Proposal 6: A UE can be dynamically indicated with either joint DL/UL TCI or separate DL/UL TCI (Alt1).
Proposal 7: PL-RS can be associated with (but not included in) UL TCI state or (if applicable) joint TCI state.
Proposal 8: The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state.
Proposal 9: Introducing L3 measurement results, e.g., L3-RSRP, in CSI-Report at least for periodic and semi-persistent CSI reporting.
Proposal 10: Add a bitmap field to DCI format 1_1/1_2 with DL assignment to signal which channels and resources the TCI applies to.
Proposal 11: Use DCI format 0_1/0_2 with UL grant to indicate UL only TCI.
Proposal 12: Adopt Alt2A for the application time of the beam indication: the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
Proposal 13: Reuse the UE capability timeDurationForQCL for minimal DL beam switching time. 
Proposal 14: Introduce a new UE capability parameter for minimal UL beam switching time. 
Proposal 15: Use a dedicated ACK/NACK bit in the HARQ-ACK codebook of the scheduled PDSCH as acknowledgement of the DCI.    
Proposal 16: Support simultaneous TCI update for multiple CCs and for multiple BWPs.
Proposal 17: Support simultaneous TCI state updating for UL and DL in a same MAC-CE.
Proposal 18: Consider combined MAC CE-DCI approach to reduce the latency and overhead for TCI updates.
Proposal 19: Determine whether a PDSCH or a PUSCH can use another beam indicated by a legacy DCI which is not used for common beam indication when a common beam is applicable for DL or UL.
Proposal 20: Further study how to distinguish DCIs for indicating common beams from legacy DCIs.
Proposal 21: Determination of a TCI field in the DCI for a common beam indication is FFS.
Proposal 22: Explicit panel ID should be defined for panel related state information reporting.
Proposal 23: Report the association relation between a beam and an activated panel to gNB as part of beam reporting.
Proposal 24: Study both explicit and implicit method of reporting of the association between a beam and an activated panel.
Proposal 25: PHR shall be reported on per panel basis for panel selection. 
Proposal 26: Introduce dynamic control signaling such as MAC CE or DCI to further reduce overhead and latency for RRC configuration.
Proposal 27: Design a MAC CE to indicate the associated NZP CSI-RS for SRS resource set configured with ‘non-codebook’ in order to reduce the overhead and latency.
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