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Introduction
In this paper, we provide our views on enhancements for multi-beam operation.
Unified TCI framework
Regarding unified TCI framework, the following was agreed in RAN1#104-e:
	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, 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 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 for Joint/DL TCI
In RAN1#104e, it was agreed that the source/target QCL relations in TS 38.214 V16.4.0 is supported for QCL TypeD in R17. As copied below, it is clear that in V16.4.0 of TS 38.214, CSI-RS for CSI can be used as source RS for TypeD QCL indication. The note in the agreement implies that CSI-RS for CSI has not been agreed, which contradicts with the main bullet in the agreement. We propose to clarify the main bullet in the agreement proceeds the later added note.  
Proposal 2-1: Clarify that CSI-RS for CSI can be used as source RS for TypeD QCL in R17. 

	For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-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, 'QCL-TypeD' with the same CSI-RS resource.



In R15/16, 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. As gNB is mandated to configure CSI-RS for tracking, and the UE can obtain both TypeA and TypeD QCL for receiving PDCCH/PDSCH from CSI-RS for tracking directly, we don’t see a strong motivation to introduce SSB as source RS for TypeD QCL in joint/DL TCI. Similar question/comment also apply to the proposal on introducing SRS for BM as source RS for TypeD QCL in joint/DL TCI, i.e., a CSI-RS for tracking will be needed for TypeA QCL indication for DL reception anyway, and the TypeD QCL can be derived from the same CSI-RS as in R15. 
Proposal 2-2: Do not support SSB (except for initial access stage) and SRS for BM as source RS for TypeD QCL in joint/DL TCI.
Switching between joint and separate DL/UL TCI
So far, a major use case for beam indication with separate DL/UL TCI is to deal with an MPE event. When an MPE event happens, the gNB may indicate UE an UL TCI that is different from DL TCI. Still, for the indicated UL TCI to be work properly, an uplink timing adjustment command (TAC) will likely be needed and conveyed to UE by MAC-CE. Meanwhile, asking UE to be prepared for DCI-level dynamic switching between joint DL/UL TCI indication and separate DL/UL TCI indication would require extra UE complexity. In our view, when MPE event happens, MAC-CE(s) for activating separate DL/UL TCI and conveying new TAC command can be transmitted to UE in the same PDSCH, with which the extra UE complexity from supporting dynamic switching can be saved, and there is no additional delay introduced. 
With the above analysis, we slightly prefer the alternative that MAC-CE can activate either joint DL/UL TCI or separate DL/UL TCI, but not a mixture of them, which appears to be an overdesign. Note that in the case of separate DL/UL TCI, it is still possible to map DL-only, UL-only, and simultaneous DL and UL TCI to different TCI codepoints.  
Proposal 2-3: To reduce UE complexity, only one type of TCI (between joint DL/UL and separate DL/UL) can be activated by MAC-CE at a time.

Applicability of Joint/DL/UL TCI 
In RAN1#104-e, the issues of whether to apply indicated joint/DL TCI to CSI-RS for BM, CSI-RS for CSI, and CSI-RS for tracking, and whether to apply indicated UL TCI to SRS for BM were discussed. 
For CSI-RS for CSI, not applying joint/DL TCI would allow gNB to configure UE to report CSI for a candidate beam pair before switching to it. For this reason, in R15/16, 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-RS by MAC-CE. We don’t see a strong motivation to override such mechanism designed in R15/16.
Regarding to CSI-RS for BM with repetition “Off”, likely the CSI-RS resources will be transmitted with different gNB Tx beams, applying the indicated joint/DL TCI to these CSI-RS resources would require UE to apply similar Rx beam for receiving them and may be overly restrictive, compared with existing R15/R16 mechanism where different TCI states can be indicated for different CSI-RS resources. 
For CSI-RS for BM with repetition “On”, the UE is expected to try different Rx beams, and applying joint/DL TCI would not make sense in this case. For aperiodic CSI-RS for BM, following R15/16, when the scheduling offset is smaller than a threshold, default QCL and Rx beam will be used to buffer and receive these CSI-RS, and there is hence no strong need to apply joint/DL TCI to aperiodic CSI-RS for BM. 
When it comes to CSI-RS for tracking, which is the primary QCL source for PDCCH/PDSCH in R15/16, applying joint/DL TCI to CSI-RS for tracking may create a chicken-and-egg problem (i.e., whether PDCCH/PDSCH follow indicated joint/DL TCI or CSI-RS for tracking?). Besides, the gNB may configure multiple CSI-RS for tracking to a UE (towards different beam directions from gNB perspective), it is not clear that the indicated TCI should apply to which one of them, hence it is not preferred.
When it comes to UL, SRS for BM is configured for UL beam training, and applying the indicated UL TCI to SRS for BM would mandate the UE to use the same Tx beam to transmit them, with which the point of having SRS for BM could be lost. Similar as CSI-RS case, if the indicated UL TCI is applied to SRS for BM, the relationship of spatial relation indicated per SRS resource is unclear. To sum up, we don’t see a strong motivation to apply UL TCI to SRS for BM.  

Proposal 2-4: Joint/DL TCI in R17 should not be applied to CSI-RS for BM, CSI-RS for CSI, or CSI-RS for tracking, and UL TCI in R17 should not be applied to SRS for BM.

UL power control
In R15/16, for PUCCH, a PL-RS may be provided by PUCCH spatial relation (i.e., inside the spatial relation), while for SRS, a PL-RS is configured per SRS resource set (wherein each SRS resource can be provided with a spatial relation). In R17, whether to include PL-RS inside or associated with UL TCI is to be decided. To reduce the excessive overhead which would arise from pre-configuring different combinations of PL-RS and UL TCI and to avoid RRC reconfigurations, we suggest associating PL-RS with UL TCI (similar as SRS approach in R15/16) instead of putting it inside UL TCI (similar as PUCCH approach in R15/16). 
In R15/16, the UL PC parameters for PUCCH, PUSCH, and SRS are separately configured, for the reason that they are transmitted in different form/format(s) and targeted at 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. With this in mind, for the indication of UL PC parameters except for PL-RS (i.e., P0, alpha, closed loop index), among the alternatives listed in previous agreement, we prefer Alt-4, i.e., to reuse R16 mechanism without enhancements. 
Proposal 2-5: Support associating PL-RS with UL TCI but not directly inside UL TCI, and other UL PC parameters except for PL-RS are determined as the same way in Rel-16 without enhancement.

L1/L2-centric inter-cell mobility
Regarding L1/L2-centric inter-cell mobility, the following was agreed in RAN1#104-e:
	Agreement
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
At the end of RAN1#104-e, send an LS to RAN2 with all the RAN1-related inter-cell mobility agreements done so far during Rel17. LS is endorsed in R1- 2102209.
Agreement
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


Measurement/reporting of non-serving cell RS
So far the agreed scope for L1/L2 mobility is to facilitate measurement and reporting of non-serving cell RSs. In addition to SSBs from non-serving cells, 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 R15 (with performance requirements defined in R16). The measurement of CSI-RS from non-serving cell can also help speeding up the beam training when the UE is to be switched to a neighbor cell, where a narrow beam pair may be acquired from CSI-RS based measurement/reporting before switching. 
Proposal 3-1: Support using CSI-RS for mobility as measurement RS for L1/L2 mobility.
Similar as L3 mobility, it is expected that more than one neighbor cell will be involved in measurement/reporting of non-serving cell RS(s) in L1/L2 mobility. This may lead to excessive overhead in L1-RSRP measurement/reporting. Such overhead may be even more pronounced as the reports are now carried over L1 channel. To reduce such overhead, similar as L3 mobility, L1 beam-level mobility event and associated reporting can be introduced for L1/L2 mobility, and it would be useful for gNB to acquire the suitable gNB Tx beam to serve a given UE, with a better balance between overhead and latency. An example is provided in the figure below, where a L1 beam-level mobility event is declared when one gNB Tx beam from neighbor cells of interest (in green) becomes better than the serving gNB Tx beam (in blue), and conveyed to serving gNB based on event-triggered reporting procedure. 
Proposal 3-2: Introduce L1 beam-level mobility event and event-based reporting for L1/L2 inter-cell mobility.
[image: ]
Figure 1: Example of L1 beam-level mobility event
Reference to non-serving cell
It was agreed to further discuss whether to support the source RS types already agreed for intra-cell mobility for the purpose of referencing to non-serving cell(s), where several RS(s) from non-serving cell(s) were listed as candidates. 
Though it is not explicitly captured in the agreement, our understanding of the discussion here is to whether to indicate these candidate source RS(s) for TCI state for PDCCH/PDSCH reception from and PUCCH/PUSCH transmission to non-serving cell. After checking with our RAN2 colleagues in more details, we got a question to ask. In our understanding, once a UE starts to receive data from a cell, this cell should be considered as a serving cell. If we allow a UE to receive data from a non-serving cell, the dividing line between serving and non-serving cells would be blurred and need to be redefined. In our view, it would be simpler and more understandable if the indication of TCI state referring to non-serving cell RS(s) would imply the referred non-serving cell is now becoming a serving cell for the UE. We asked similar questions in the agenda of 8.1.2.2, where similar ambiguity also exists but may require different clarifications, and we hope to hear comment/answer(s) form companies. 
Proposal 3-3: Clarify whether indication of TCI state referring to non-serving cell implies changing/switching the serving cell before deciding candidate source RS(s) for referring to non-serving cell. 

Dynamic TCI update 
Regarding dynamic TCI update, the following was agreed in RAN1#104-e:
	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 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 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


Beam application time
For DCI based beam indication, five alternatives were listed for defining the application timeline. Regarding the choice between counting from first or last symbol that exists in all five alternatives, we prefer counting the last symbol, as it is simpler. 
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 to be received/transmitted using previous or newly indicated beam, which will depend on time offsets between {DCI and PDSCH and ACK/NACK} and also the value of X or Y. With this approach, there will be quite some cases for both gNB 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 gNB and UE. 
With Alt-2A (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 R15/16. 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 addition, as the scheduled PDSCH can be located in the same slot as DCI, and the delay between PDSCH and ACK/NACK is not really excessive, we don’t see much additional latency from this alternative.
Alt-2B would require the UE to determine the Rx beam for scheduled PDSCH and the Tx beam for the ACK/NACK based on the scheduling offset, which appears to be complicated. And if the ACK/NACK is to be sent with newly indicated Tx beam (i.e., offset greater than threshold), and if the gNB did not receive an ACK/NACK, it is unclear whether the DCI is missed or the newly indicated beam does not work. With this in mind, Alt-2B may not be preferable to us.
Alt-2C would effectively require gNB to support two kinds of timelines, which is not preferred in our perspective. Given that values of X or Y is configured by gNB based on reported UE capability, we don’t see how Alt-3 can work unless two types of definitions are also included in UE capability reporting, which appears to be unnecessarily complicated.
To sum up, we prefer Alt-2A listed above. 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 4-1: 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 or Y symbols after the last symbol of the acknowledgment.
DCI format for L1-based beam indication
In RAN1#103e, as a compromise, reusing existing DCI formats 1_1/1_2 with data assignment for L1-based beam indication was agreed, together with MAC-CE activation of one or more TCI states, despite the simulation results submitted by companies showing that DCI-based beam indication will not bring observable performance gain over MAC-CE. It was also explicitly captured in the agreement that when only one TCI state is activated by MAC-CE, it will be applied directly. 
As reflected in the agreement from previous meeting, companies are still proposing to adopt additional DCI format for L1-based beam indication, such as DCI format 1_1/1_2 without data assignment, new DCI format, and DCI format 0_0/0_1 with data. As there are two solutions on the table already, we don’t think it is worthwhile to pursue additional DCI formats, especially as there are 5 issues waiting in line. 
Some companies proposed DCI format 1_1/1_2 without data assignment, claiming that it can be used when there is no DL traffic. In our view, in mobile FR2 system, DL traffic would happen quite often, not just user plane data, but also control signaling, such as MAC-CE carrying TCI activation/deactivation and TAC. Even if there is no DL traffic at certain point, sending an MAC-CE to indicate one TCI state would not incur much additional overhead or latency. Among other alternatives, introducing new DCI format would greatly impact PDCCH capacity, blind detection, and PUCCH allocation, and is not preferred. This is also why it was agreed to reuse existing DCI formats 1_1/1_2 with data assignment in previous meeting. As there is no TCI field in DCI format 0_0/0_1, adding TCI field into DCI 0_0/0_1 or repurposing existing field would require non-negligible specification efforts, and is also not preferred. 
As RAN1#104-e would be the 4th meeting discussing the same issue, in our view, spending so much meeting time/effort to pursue additional DCI format in R17 is not reasonable. 
Proposal 4-2: Support Alt-0, i.e., no additional DCI format for L1-based beam indication in R17.

Fast UL panel selection
Regarding fast UE Tx panel selection, the following was agreed in RAN1#104-e:
	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 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



Association between panel and RS resource
In the last meeting, it was agreed that one UE panel corresponds to one or more RS resources. With such correspondence, panel specific beam measurement, CSI acquisition and UL transmission can now be discussed/supported. For example, after UE reporting the number of panels available at UE N to gNB, the gNB can configure N sets of DL/UL RS resources to the UE, with each set of resources corresponding to one UE panel. Then, panel specific beam measurement, CSI acquisition and UL transmission can be performed as follows.
Panel-specific beam measurement: The UE uses each panel to measure the corresponding DL RS, or uses each panel to transmit the corresponding UL RS. Then, the gNB can obtain the best DL/UL beam pairs for each UE panel.
Panel-specific CSI acquisition: The UE transmits one or more SRSs to the gNB for UL CSI acquisition, which can be used for SRI indication for codebook or non-codebook based UL transmission (i.e., the digital precoder). The source RS for QCL/spatial-relation of the SRS(s) are DL/UL RS selected from beam measurement stage.
Panel-specific UL transmission: The gNB indicates joint or UL TCI (i.e., analog beamformer) and SRI (i.e., digital precoding) for UL transmission. 
From the above example, it can be seen that panel specific operation can be achieved if association between UE panel and RS resource for BM is introduced at the beginning. In current specification, SSBs at a certain frequency point are identified/distinguished by its time index, and each SSB will likely be transmitted with a static gNB Tx beam, so it may be better to allow UE to select its panel for SSB measurement. On the other hand, CSI-RS for BM is UE-specifically configured, and different CSI-RS resource sets can be linked to different UE panels, so that the above-mentioned panel-specific operations becomes possible. As PUCCH are typically not used for beam training purpose, we don’t see a strong need to build an association between PUCCH and UE panel directly. Instead, it may make sense to indicate to UE to use which UE panel to transmit PUCCH, and it appears this can be achieved by existing beam indication framework. 
Proposal 5-1: Support association between UE panel and DL/UL RS resource for BM.

gNB-initiated panel selection/activation
UE-initiated UL panel selection/activation was agreed in RAN1#103e and further discussed in RAN1#104e. 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, in some cases like UE movement, due to the nature of UE-initiated procedure, the overall latency may not be small, i.e., not that ‘fast’. To speed up UL panel selection, one possible solution is to support gNB-initiated/controlled UE panel selection/activation. 
To enable gNB-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 gNB. Only with the reported information from UE, the gNB can determine which UE panel is 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 unless sufficient processing time is reserved. 
Proposal 5-2: Support gNB-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 excessive in terms of power consumption. To support gNB-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 as shown the figure below. For instance, 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 5-3: A handshake mechanism together with UE acceptance/rejection should be introduced for gNB-initiated UE panel activation.
[image: ]
Figure 2: Handshake mechanism for NE-initiated UE panel activation

MPE mitigation
Regarding MPE mitigation, the following was agreed in RAN1#104-e:
	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


In the last meeting, it was agreed to decide whether at least one of two solutions on MPE mitigation is supported by RAN1#104b-e. One is to extend the P-PMR reporting based on R16 framework (e.g., per panel or per beam) with/without virtual PHR (Solution 1 + Opt. 1A/1B/1C/1D), and the other is to implicitly/explicitly report alternative or feasible UE panel(s) or Tx beam(s) with/without L1-RSRP/L1-SINR/virtual PHR (Solution 2 + Opt. 2A/2B/2C) for UL transmission via reporting SSBRI/CRI. 
The first solution is a natural extension based R16 framework, which maximizes utilization of previous design and specification support, and hence is relatively 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 here. 
Still, both solutions, especially the second one, cannot provide sufficient information for gNB to mitigate the UL coverage loss under MPE event, i.e., they do not directly reflect UL reception quality from different UE panels to same/different gNB panel(s). Moreover, both solutions may not work well in standalone FR2 deployment where MPE event may lead to reporting failure. 
To overcome the above-mentioned shortcomings, it would be more interesting to investigate the possibility of linking SRS transmissions with UE panels, from which the gNB would be able to detect the dropping of received signal strength (implicitly reflecting MPE event at UE) and indicate UE to switch panel in a faster manner. 
Proposal 6-1: Support implicitly mapping SRS transmissions with UE panels to enable gNB-controlled fast UL panel selection for MPE mitigation.

Advanced beam refinement/tracking 
Regarding advanced beam refinement/tracking, the following was agreed in RAN1#104-e:
	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 R17 to address issue 6


TCI states activation delay 
As specified in TS 38.133 [1], if the indicated TCI state is not in the list of activated TCI states for PDSCH, some additional delay for waiting for the 1st SSB occasion after TCI indication is required. This is also discussed in [2], which points out that the main factor of TCI indication delay other than signaling medium is the activation delay. We checked with our own RAN4 colleagues and the feedback is that this delay is for UE to re-acquire or update DL synchronization based on the associated SSB. Given that such additional delay was introduced by RAN4, if further reduction or enhancement is to be discussed in RAN1, we suggest confirming with RAN4 on the feasibility and potential impacts to them. In the end, this delay was captured in RAN4 specs, and if some enhancement is introduced by RAN1, some harmonization between RAN1 and RAN4 specs would be needed. 
Proposal 7-1: If the additional activation delay, caused by waiting for next SSB occasion after TCI indication, is to be reduced, confirm with RAN4 on feasibility and impacts before RAN1 decision.

Summary and conclusion
In this contribution, we propose the following:
Proposal 2-1: Clarify that CSI-RS for CSI can be used as source RS for TypeD QCL in R17. 
Proposal 2-2: Do not support SSB (except for initial access stage) and SRS for BM as source RS for TypeD QCL in joint/DL TCI.
Proposal 2-3: To reduce UE complexity, only one type of TCI (between joint DL/UL and separate DL/UL) can be activated by MAC-CE at a time.
Proposal 2-4: Joint/DL TCI in R17 should not be applied to CSI-RS for BM, CSI-RS for CSI, or CSI-RS for tracking, and UL TCI in R17 should not be applied to SRS for BM.
Proposal 2-5: Support associating PL-RS with UL TCI but not directly inside UL TCI, and other UL PC parameters except for PL-RS are determined as the same way in Rel-16 without enhancement.
Proposal 3-1: Support using CSI-RS for mobility as measurement RS for L1/L2 mobility.
Proposal 3-2: Introduce L1 beam-level mobility event and event-based reporting for L1/L2 inter-cell mobility.
Proposal 3-3: Clarify whether indication of TCI state referring to non-serving cell implies changing/switching the serving cell before deciding candidate source RS(s) for referring to non-serving cell. 
Proposal 4-1: 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 or Y symbols after the last symbol of the acknowledgment.
Proposal 4-2: Support Alt-0, i.e., no additional DCI format for L1-based beam indication in R17.
Proposal 5-1: Support association between UE panel and DL/UL RS resource for BM.
Proposal 5-2: Support gNB-initiated UE panel selection with event-triggered UE report on panel activation/deactivation.
Proposal 5-3: A handshake mechanism together with UE acceptance/rejection should be introduced for gNB-initiated UE panel activation.
Proposal 6-1: Support implicitly mapping SRS transmissions with UE panels to enable gNB-controlled fast UL panel selection for MPE mitigation.
Proposal 7-1: If the additional activation delay, caused by waiting for next SSB occasion after TCI indication, is to be reduced, confirm with RAN4 on feasibility and impacts before RAN1 decision.
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