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Introduction
In this paper, we provide our views on enhancements for multi-beam operation in R17.
Unified TCI framework
Regarding unified TCI framework, the following was agreed in RAN1#103-e:
	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
· [bookmark: OLE_LINK11]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:
· 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 
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


Source RS for DL TCI
We first discuss the source RS for joint DL/UL TCI state. In Rel-15/16, SSB can be used as QCL source for PDCCH/PDSCH only during initial access stage, and in CONNECTED mode, only CSI-RS can be included in the TCI state indicated for PDCCH/PDSCH. Such design is to ensure demodulation performance for PDCCH/PDSCH, as CSI-RS (including CSI-RS for tracking, BM, and CSI) provides larger frequency span and higher time density. Evaluation results have been reported in [1][2],  reflecting the performance loss from using 20RB (which is the bandwidth of SSB) over using 64RB (available from CSI-RS) to facilitate time/frequency tracking. As can be seen, the loss is quite significant in high SINR region.  For reader’s convenience, we copied one result below, where X denotes burst length for CSI-RS for tracking (X=1 indicates one slot while X=2 indicates two slot). In Rel-15, CSI-RS for tracking can be configured with either 52RB bandwidth or with the same bandwidth as active BWP. In this sense, CSI-RS for tracking can enable fine time/frequency tracking to facilitate the demodulation of PDCCH/PDSCH transmitted in the corresponding frequency position of the active BWP, which is not possible for SSBs which span 20RBs only. 
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Figure 1: Performance of using 20 and 64 RBs to facilitate time/frequency tracking for PDSCH demodulation [2]
Proposal 2-1: To guarantee demodulation performance of PDCCH/PDSCH, similar as Rel-15/16, explicitly indicated source RS for DL TCI in Rel-17 should include CSI-RS only (i.e. SSB is not supported).
Applicability of DL TCI to CSI-RS
In RAN1#103-e, the issue of whether to apply DL TCI for PDCCH/PDSCH to CSI-RS/SRS for BM, CSI-RS for CSI, and CSI-RS for tracking was discussed. For CSI-RS for CSI, not applying DL TCI for PDCCH/PDSCH would allow NW to configure UE to report CSI for a candidate beam pair before switching to it. For this reason, in Rel-15/16, TCI state for CSI-RS for CSI is indicated separate from PDCCH/PDSCH, and it is possible to update TCI state for AP-CSI by DCI and that for SP-CSI by MAC-CE. When it comes to CSI-RS for tracking, which is the primary source of QCL for PDCCH/PDSCH in Rel-15/16, applying DL TCI to CSI-RS for tracking may create a chicken-and-egg problem (i.e. whether PDCCH/PDSCH follow indicated DL TCI or CSI-RS for tracking? Is CSI-RS for tracking still configured for PDCCH/PDSCH?) and disable NW to configure UE to perform time/frequency tracking for multiple beam pairs, hence it is not preferred.
Proposal 2-2: DL TCI indicated for PDCCH/PDSCH in Rel-17 should not be applied to CSI-RS/SRS for BM, CSI-RS for CSI, or CSI-RS for tracking.
UL TCI and power control
UL TCI was proposed as part of unified TCI framework in Rel-17. In Rel-15/16, spatial relation was used for indicating UL spatial domain transmission parameters for SRS and PUCCH. The newly introduced UL TCI should inherit functionalities supported by spatial relation. In particular, source reference signal in UL TCI state may include SSB, CSI-RS and SRS, without being restricted to CSI-RS/SRS for BM only, which is already supported with Rel-15/16 spatial relation. 
Furthermore, in Rel-15/16, for PUCCH, a pathloss reference RS may be provided by PUCCH spatial relation (i.e. inside spatial relation), while for SRS, pathloss reference RS is configured per SRS resource set (wherein each SRS resource can be provided with a spatial relation). In Rel-17, whether to include pathloss reference RS inside or associated with UL TCI has been discussed. To be consistent with the design agreed in agenda 8.1.2.2 inter-cell mTRP (when it is still possible), we suggest associating pathloss reference RS with UL TCI instead of putting it inside UL TCI. 
In legacy design, the power control parameters for PUCCH, PUSCH, and SRS are separately configured, for the reason that they are transmitted in different form/format(s) and targeted for different SNR regions. In our view, to allow for different power control loops for PUCCH, PUSCH, and SRS, it is better to keep power control parameters separated from UL TCI in R17. 
Proposal 2-3: The source reference signal in UL TCI state may include SSB, CSI-RS and SRS, without being restricted to CSI-RS/SRS for BM only. A pathloss reference RS can be associated with UL TCI but uplink power control parameters should not be associated with UL TCI. 

TCI state pooling and mapping
As analysed above, DL TCI and UL TCI have different use cases, which requires different types of source reference RS and chain rules. Expanding the definition of TCI state in Rel-15/R16 to allow all kinds of source RSs (e.g. to include SRS in DL TCI state) and thereby support a mixed TCI state pool for DL/UL would consume extra signalling overhead even when separate UL beam indication is not needed (e.g. for CPE/FWA, where MPE is not a major concern). In addition, having separate DL and UL TCI state pools is also beneficial for designing UL-specific aspect such as power control, with which a smaller addressing space and thereby signalling overhead can be achieved via the pool name itself. For these reasons, in the case of separate DL/UL TCI indication, we propose that DL TCI state and UL TCI state are taken from separate TCI state pools. For example, 2 TCI states pools are configured for DL and UL separately (similar to TCI state and spatial relation in Rel-15/16), where the DL TCI state pool is configured in PDSCH-Config while the UL TCI state pool is configured in PUCCH-Config.
Proposal 2-4: For separate DL/UL TCI indication, DL TCI state is taken from DL TCI state pool, while UL TCI state is taken from UL TCI state pool that is separate from DL TCI state pool.
When MPE event happens, an UL TCI can be indicated by separate DL/UL TCI indication without changing DL TCI state. When MPE is no longer a problem, the NW may configure UE to switch back to joint DL/UL TCI indication (e.g. to reduce UE power consumption). To keep the TCI overhead in DCI relatively low and to reduce UE complexity for being prepared for both joint DL/UL TCI indication and separate DL/UL TCI indication, it may be preferable to restrict that MAC-CE can activate either separate DL/UL TCI or joint DL/UL TCI, but not a mixture of them (still possible to support DL-only, UL-only, and simultaneous DL and UL TCI indication in the case of separate DL/UL TCI indication).  
To achieve this, both separate DL/UL TCI pool and joint DL/TCI pool can be pre-configured by RRC, and MAC-CE is used to activate mapping between {joint or separate} TCI state and TCI codepoints in DCI, or to indicate one TCI state or a pair of DL & UL TCI states that are applied directly. 
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Figure 2: Joint and separate TCI configuration and indication 
Proposal 2-5: For the sake of overhead and complexity, only one type of TCI pool (between joint or separate) can be activated by MAC-CE at a time.
TCI state pooling for CA
For TCI state pooling for CA case, two options were listed in RAN1#103-e. For option 1, a single RRC TCI state pool is shared for a set of configured CCs. This approach seems applicable only for the case where the configurations of TCI states and CSI-RS for tracking are exactly the same across CCs and it may bring quite some changes to the existing protocol stack (e.g. moving TCI states outside serving cell configuration, which is not the case as for now, or linking RRC configurations of multiple CCs, which may create some cross-dependency or mirroring relations). On the other hand, option 2 is more aligned with the current protocol stack and the design adopted in Rel-16, with which different configurations of TCI states and CSI-RS for tracking on the configured CCs are also allowed. For these reasons, Option 2 is slightly more preferable to us. Our understanding of the RAN4 situation is that so far independent beam management is used for inter-band CA, so when discussing multi-CC simultaneous beam indication we suggest focusing on intra-band CA case until further notice from RAN4. 
Proposal 2-6: For TCI state pooling for CA, option 2, i.e. configuring RRC TCI state pool per individual CC, is preferred.
L1/L2 inter-cell mobility
Regarding L1/L2 inter-cell mobility, the following was agreed in RAN1#103-e:
	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




Scope and assumption
In RAN1#103-e, the use cases for L1/L2 inter-cell mobility were discussed and one of the points that was left FFS was whether to assume intra-DU operation only. In our understanding, only intra-DU operation should be supported as the WID clearly rules out RRC reconfiguration or involvement. Moreover, supporting inter-DU operation would have significant impacts on RAN2 and RAN3 as security functions and corresponding ciphering and integrity protection keys would have to be updated.
Another point that was discussed in RAN1#103-e and was left FFS was whether to keep the C-RNTI unchanged. In our view, for L1/L2 inter-cell mobility to work smoothly, the UE should be keeping using the same C-RNTI. Assuming that CORESETs and Search Space Sets are configured identically across the serving/neighbour cells, keeping C-RNTI unchanged would allow the UE continue to monitor PDCCH during L1/L2 inter-cell mobility, with which minimal interruptions at the physical layer can be achieved. This is also aligned with the WID intention to confine such mobility enhancements to L1/L2. 
Proposal 3-1: For L1/L2 inter-cell mobility, assume intra-DU operation and C-RNTI is unchanged.
Measurement RS
So far the agreed scope for L1/L2-based mobility was to facilitate measurement and reporting of non-serving RSs. In addition to SSBs from non-serving cells, we think CSI-RS for mobility should be supported as well, as it can provide larger bandwidth and shorter periodicity (both of which are beneficial for performance) and it has been supported since Rel-15 (with performance requirements defined in Rel-16). We do not see why L1/L2 inter-cell mobility should not include such already existed RS(s) from non-serving cells. If there is concern that CSI-RS for mobility is only optionally supported by UE, additional UE capability on supporting CSI-RS for mobility for L1/L2 inter-cell mobility can be introduced if needed. 
Proposal 3-2: Include CSI-RS for mobility as possible measurement RS for L1/L2 inter-cell mobility. 
TCI state pooling
The agreed scope also includes incorporating non-serving cell info in TCI framework. To allow for independent specification support while reducing unnecessary signaling overhead when one feature is turned off, we slightly prefer to separate TCI state pool for L1/L2 inter-cell mobility (which mainly contains RS from non-serving and neighbor cells) from that for intra-cell beam management (i.e., those discussed in Section 2). As highlighted below, similar approach has been adopted in Positioning in Rel-16. 
Proposal 3-3: Separate TCI state pool for L1/L2 inter-cell mobility from that for intra-cell beam management.
	SpatialRelationsSRS-Pos-r16 ::=                    SEQUENCE {
    spatialRelation-SRS-PosBasedOnSSB-Serving-r16      ENUMERATED {supported}                OPTIONAL,
    spatialRelation-SRS-PosBasedOnCSI-RS-Serving-r16   ENUMERATED {supported}                OPTIONAL,
    spatialRelation-SRS-PosBasedOnPRS-Serving-r16      ENUMERATED {supported}                OPTIONAL,
    spatialRelation-SRS-PosBasedOnSRS-r16              ENUMERATED {supported}                OPTIONAL,
    spatialRelation-SRS-PosBasedOnSSB-Neigh-r16        ENUMERATED {supported}                OPTIONAL,
    spatialRelation-SRS-PosBasedOnPRS-Neigh-r16        ENUMERATED {supported}                OPTIONAL
}



Beam-level mobility event
Having frequent periodic L1 report on gNB beams from non-serving cells may lead to excessive reporting overhead. For similar reasons, event-based reporting was supported and widely used in L3 mobility. Currently mobility events are defined at cell-level, e.g. a neighbor cell becoming better than the serving cell. In multi-beam systems and for L1/L2 inter-cell mobility, introducing L1 beam-level mobility event and associated reporting would be useful for the NW to acquire the most suitable gNB beam to serve a given UE as quickly as possible. An example as shown in the figure below is to define a L1 beam-level mobility event, which is declared when a gNB beam from neighbor cells of interest (in green) becomes better than the serving gNB beam (in blue), and reported to NW. 
Proposal 3-4: Introduce L1 beam-level mobility event and reporting for L1/L2 inter-cell mobility. 
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Figure 3: Example of L1 beam-level mobility event
Differences among cells
Another point that was discussed during RAN1#103-e was whether there is a need for some RRC parameters to be updated without using RRC signalling. In our understanding, adjacent cells may use highly similar configurations but there may be still be situations where CSI-RS configurations need to be updated. For instance, the time-frequency resources occupied or the scrambling identity used may need to be updated as a UE moves from one cell to another. One possibility to consider is to enable updating these configurations via MAC-CE. 
Proposal 3-5: Consider updating CSI-RS configuration, e.g. time-frequency location or scrambling identity, during L1/L2 inter-cell mobility using MAC-CE.
Dynamic TCI update 
Regarding dynamic TCI update, the following was agreed in RAN1#103-e:
	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


 
UL-only TCI state update
In RAN1#103-e, together with MAC-CE-based TCI activation/selection, DCI-based TCI indication was agreed for Rel-17, where DCI formats 1_1 and 1_2 are reused. 
Regarding how to use DCI formats 1_1 and 1_2 for UL-only TCI state update, it is natural to use MAC-CE to map one UL TCI state to one TCI codepoint, without DL TCI state mapped to this codepoint. In this way, this TCI codepoint can be used for UL-only TCI state update. In addition, MAC-CE can also be used to indicate one UL TCI state directly. Given that both DCI formats 1_1 and 1_2 with DL assignment and MAC-CE can be used for UL-only TCI state update, the motivation for using DCI format 1_1 and 1_2 without DL assignment, together with a new acknowledgment mechanism directly in response to decoding DCI, is not strong. In other words, there is not enough justification on technical benefits considering the specification efforts. 
There is another FFS point on whether to support additional DCI format for UL-only TCI state update, e.g., brand-new DCI format or extending existing DCI formats 1_0, 0_0, 0_1, and 0_2. With concerns on PDCCH capacity, blind detection, and specification efforts, we are not in favor of introducing brand-new DCI format. As for extending existing DCI formats, there are currently no TCI fields in DCI format 1_0 and 0_0, which were designed for fallback purposes, and it is also not preferable to add TCI field in those DCI formats. And TCI field also does not exist in DCI formats 0_1 and 0_2, and repurposing some existing fields may affect related functionalities. With DCI formats 0_1 and 0_2, although the transmitted PUSCH may be considered as ACK for received DCI, if the scheduled PUSCH is not correctly decoded, NW cannot tell whether it is due to mis-detection of DCI (thereby TCI indication) or poor UL channel quality for delivering PUSCH, with which beam misalignment between gNB and UE may happen. To summarize, we prefer not to support additional DCI format for UL-only TCI state update.
Proposal 4-1: For UL-only TCI state update, since using MAC-CE to map one UL TCI state with TCI codepoint in DCI formats 1_1 and 1_2 and using MAC-CE to indicate one UL TCI state directly are already supported, there is not enough justification to introduce new DCI format or modify existing DCI format 1_0, 0_0, 0_1, or 0_2.
Application timeline
For DCI based TCI indication, two alternatives were provided for defining the application timing. With Alt-1 (first slot that is at least X ms or Y symbols after the DCI), it is unclear whether PDSCH/ACK/NACK is received//transmitted using previous or newly indicated beam, which will depend on time offsets between {DCI and PDSCH and ACK/NACK} and exact value of X and Y. With this approach, there will be quite some cases for both NW and UE to prepare/implement taken various PDSCH scheduling timeline into account, which is unnecessarily complex. For example, if the value of X and Y is too small (the indicated TCI state is to be applied before ACK/NACK is transmitted), there may be misaligned beam switching at NW and UE. 
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Figure 4: Misaligned beam switching with unsuitable X or Y value
With Alt-2 (first slot that is at least X ms or Y symbols after the acknowledgment), it is clear that the indicated beam will be effective sometime after sending ACK, which is similar to the timeline of MAC-CE-based TCI update in Rel-15/16. In this way, gNB and UE will switch to newly indicated beam only if an acknowledgment is transmitted/received, thus synchronous beam switching at gNB and UE can be achieved. In light of this, we prefer the second alternative. Regarding whether to support UE capability reporting on minimum value and RRC configurations for operating value for beam application delay (X or Y), in our view, it would be much cleaner to fix it to some value (i.e., Alt-2 listed in the last agreement above), which can be easier for both NW/UE planning and implementation (similar to 3ms used in MAC-CE-based TCI update). 
For MAC-CE based TCI activation/selection in Rel-17, it is straightforward to reuse the timeline supported in Rel-15/16, i.e. 3ms after acknowledgement, but we are also supportive on reducing it to smaller values such as 2ms. 
Note that the discussions above focused on the case for intra-cell beam tracking, without considering multi-panel UE and L1/L2 inter-cell mobility. It appears necessary to revisit application time for these cases when more details are available (e.g., whether the targeted UE panel is assumed to be active, whether the targeted neighbor cell has been measured/reported before). 
Proposal 4-2: For DCI-based intra-cell TCI indication without switching UE panel, the indicated TCI state(s) is/are effective from the first slot that is at least [X] ms after the acknowledgment.
Fast UL panel selection
Regarding fast UE Tx panel selection, the following was agreed in RAN1#103-e:
	Agreement
In Rel-17 enhancement for facilitating fast uplink panel selection, the following use cases are assumed:
· MPE mitigation
· UE power saving
· UL interference management
· Support different configurations across panels
· UL mTRP 
Agreement
In Rel-17 enhancement on MP-UE to facilitate fast UL panel selection and MPE mitigation, UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)
Agreement
In Rel.17 enhancement for facilitating fast uplink panel selection, UE-initiated UL panel selection/activation are supported:
· FFS: Whether NW-initiated panel selection/activation is also supported
1. FFS: Whether specification support for this feature is necessary and if so the details of such spec support.



NW-initiated panel selection/activation
UE-initiated UL panel selection/activation was agreed in RAN1#103-e. To some extent, this UE-initiated UL panel selection/activation can help with link re-adaptation in the cases of UE movement, rotation, and blockage that requires switching panel at UE side. Still, due to the nature of UE-initiated procedure, the overall latency may not be small, i.e. not that ‘fast’. To further speed up UL panel selection, one possibility is to support NW-initiated/controlled UE panel selection/activation. 
To enable NW-initiated UE panel selection, although the UE may still keep control of its panels, once the UE activates/deactivates a panel for UL transmission, it should report such event to the NW. Only with the reported information from UE, the NW can determine which UE panels are available for upcoming scheduling and fast panel selection can be indicated. In this case, the UE is not expected to be scheduled with transmission from an inactive panel or sufficient processing time will be allocated. 
Proposal 5-1: Support NW-initiated UE panel selection with event-triggered UE report on panel activation/deactivation.
Performance-wise it is preferable to turn on all UE panels, but it may be overly excessive in terms of power consumption. To support NW-initiated UE panel activation (instead of selection), proper balancing between performance and power consumption needs to be established. To this end, a handshake mechanism can be considered. For instance, as shown in figure below, a gNB first sends a panel activation request to UE, then a UE respond with acceptance or rejection, possibly on per-panel basis. As these signaling are used for preparation of fast UL panel selection instead of indicating fast UL panel selection directly, they can be transmitted via MAC-CE, with which the existing timeline can reused. 
Proposal 5-2: Support a handshake mechanism for NW-initiated UE panel activation together with UE acceptance/rejection.
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Figure 5: Handshake mechanism for NE-initiated UE panel activation

Panel-specific beam/timing/power
To enable fast UL panel selection, it is desirable to acquire and maintain candidate beam/timing/power of multiple UE panels in advance. Solutions such as UE panel specific beam measurement and timing/power control may be considered. For example, with panel-specific DL beam measurement and reporting, the UE can report SSBRI/CRI together with information related with corresponding UE panel, with which the NW is informed about mapping between selected gNB Tx beam and UE panel. In addition, as one FFS point left from RAN1#102-e, it is preferred to assume that each UE panel can compromise an independent unit of power and timing control, with which panel-specific uplink timing and power control can be supported to facilitate fast UL panel selection.
Proposal 5-3: Support panel-specific DL beam measurement and reporting, and each UE panel comprises an independent unit of power and timing control. 
Power consumption reduction
To mitigate UE power consumption for keeping multiple panels in active status, we propose to introduce UE reporting on maximum ratio of time that multiple UE panels can be kept as active. The exact ratio may be a function of the number of UE panels in active status. For example, as illustrated in the figure below, during a time period T, two panels can be activated during α percent of time, while for the remaining (1-α) percent of time, only single-panel operation is supported by the UE.   
Proposal 5-4: For NW-initiated UE panel activation, support UE to report maximum ratio of time that multiple UE panels can remain in active status within a given time period. 
[image: ]
Figure 6: Example of maximum ratio of time for keeping multiple UE panels in active status
MPE mitigation
Regarding MPE mitigation, the following was agreed in RAN1#103-e:
	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
1. FFS: Whether the above reporting is triggered by UE or configured by NW


 
In RAN1#103e, it was agreed to investigate two solutions on MPE mitigation, one is to extend the P-PMR reporting based on Rel-16 framework (e.g., per panel or per beam) and the other is to report alternative or feasible UE panel(s) or Tx beam(s) for UL transmission via reporting SSBRI/CRI. The first solution is a natural extension based Rel-16 framework, which maximizes utilization of previous design and specification support, and hence is more preferable to us. The second solution does not seem to provide technical advantages over the first solution and can be mostly achieved via UE-initiated UL panel selection (agreed and discussed in Section 5), and hence it is not preferred to duplicate similar solutions. 
Still, both solutions may not work well in standalone FR2 deployment where MPE event may lead to reporting failure, and such UE-initiated approaches may suffer from large latency. To reduce the latency of recovering from MPE event, it would be interesting to investigate the possibility of linking SRS transmissions with UE panels, from which the NW would be able to detect dropping of received signal strength (implicitly reflecting MPE event at UE) and indicate UE to switch panel in a faster manner. 
Proposal 6-1: Consider implicitly mapping SRS transmissions with UE panels to enable NW-controlled fast UL panel selection for MPE mitigation.
Summary of proposals
The observations and proposals of this paper are summarized as follows. 
Proposal 2-1: To guarantee demodulation performance of PDCCH/PDSCH, similar as Rel-15/16, explicitly indicated source RS for DL TCI in Rel-17 should include CSI-RS only (i.e. SSB is not supported).
Proposal 2-2: DL TCI indicated for PDCCH/PDSCH in Rel-17 should not be applied to CSI-RS/SRS for BM, CSI-RS for CSI, or CSI-RS for tracking.
Proposal 2-3: The source reference signal in UL TCI state may include SSB, CSI-RS and SRS, without being restricted to CSI-RS/SRS for BM only. A pathloss reference RS can be associated with UL TCI but uplink power control parameters should not be associated with UL TCI. 
Proposal 2-4: For separate DL/UL TCI indication, DL TCI state is taken from DL TCI state pool, while UL TCI state is taken from UL TCI state pool that is separate from DL TCI state pool.
[bookmark: _GoBack]Proposal 2-5: For the sake of overhead and complexity, only one type of TCI pool (between joint or separate) can be activated by MAC-CE at a time.
Proposal 2-6: For TCI state pooling for CA, option 2, i.e. configuring RRC TCI state pool per individual CC, is preferred.
Proposal 3-1: For L1/L2 inter-cell mobility, assume intra-DU operation and C-RNTI is unchanged.
Proposal 3-2: Include CSI-RS for mobility as possible measurement RS for L1/L2 inter-cell mobility. 
Proposal 3-3: Separate TCI state pool for L1/L2 inter-cell mobility from that for intra-cell beam management.
Proposal 3-4: Introduce L1 beam-level mobility event and reporting for L1/L2 inter-cell mobility. 
Proposal 3-5: Consider updating CSI-RS configuration, e.g. time-frequency location or scrambling identity, during L1/L2 inter-cell mobility using MAC-CE.
Proposal 4-1: For UL-only TCI state update, since using MAC-CE to map one UL TCI state with TCI codepoint in DCI formats 1_1 and 1_2 and using MAC-CE to indicate one UL TCI state directly are already supported, there is not enough justification to introduce new DCI format or modify existing DCI format 1_0, 0_0, 0_1, or 0_2.
Proposal 4-2: For DCI-based intra-cell TCI indication without switching UE panel, the indicated TCI state(s) is/are effective from the first slot that is at least [X] ms after the acknowledgment.
Proposal 5-1: Support NW-initiated UE panel selection with event-triggered UE report on panel activation/deactivation.
Proposal 5-2: Support a handshake mechanism for NW-initiated UE panel activation together with UE acceptance/rejection.
Proposal 5-3: Support panel-specific DL beam measurement and reporting, and each UE panel comprises an independent unit of power and timing control. 
Proposal 5-4: For NW-initiated UE panel activation, support UE to report maximum ratio of time that multiple UE panels can remain in active status within a given time period. 
Proposal 6-1: Consider implicitly mapping SRS transmissions with UE panels to enable NW-controlled fast UL panel selection for MPE mitigation.
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