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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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]-[5]. In this contribution, we present our opinion on unified TCI framework, inter-cell mobility, and UE panel fast switch.
Discussion
Unified TCI framework 
The following agreements are reached in RAN1#106bis_e regarding unified TCI framework:
	Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8
· Further discuss and finalize in RAN1#106bis-e: the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s))

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For DL channels/signals that do not share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), all the QCL rules defined in section 5.1.5 in 38.214 are supported
· [bookmark: _Hlk84321626]Note: For CSI-RS used to provide QCL indication for non-UE dedicated channels, the CSI-RS should only be QCLed with SSB of the same PCID as that from the serving cell
· For DL channels/signals that share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), the following options on source RSs and QCL-Types are supported
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
· Note: For inter-cell beam management, SSB with PCID different from that from the serving cell can be used as a QCL Type-C/D source RS for CSI-RS for BM and/or TRS 
· Further discuss and decide in RAN1#106bis-e whether CSI-RS for CSI can be used as a source RS or not, and if so whether some restriction(s) are needed

Agreement
On Rel.17 unified TCI framework, remove the brackets and clarify as indicated in red from the following previous 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:
· …
· Just as Rel.16, the source RS in the Rel-17 TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· …



Agreement
On Rel.17 unified TCI framework, the source RS in the Rel-17 TCI state that provides QCL-TypeA or QCL-TypeB shall be in the same CC/BWP as the target channel or RS

Agreement
[bookmark: _Hlk84321878]On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation, already assumed periodic) is either a periodic CSI-RS or an SSB. When a periodic CSI-RS is used as a PL-RS,
· Opt2. Both 1- and 2-port (reusing Rel-16 UE capability signalling) periodic CSI-RS are supported for PL-RS

Agreement
On Rel.17 unified TCI framework, regarding the common TCI state ID update and activation for CA, 
· The details on how the PDSCH configuration (for each of those CCs/BWPs) contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC are up to RAN2

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, the largest number of configured TCI states is given as follows (following Rel-15/16 principles): 
· When a UE is configured with joint DL/UL TCI: the largest number of configured TCI states for joint DL/UL TCI state update is 128 per BWP per CC
· Further discuss and decide in RAN1#106bis-e when a UE is configured with separate DL/UL TCI

Conclusion 
On Rel.17 unified TCI framework, in case of separate DL/UL TCI, it is up to RAN2 whether UL TCI shares the same TCI state pool as joint DL/UL TCI or UL TCI uses a separate TCI state pool from joint DL/UL TCI
· Note: By previous agreements, DL TCI shares the same TCI state pool as joint DL/UL TCI

Conclusion
On Rel.17 unified TCI framework, there is no consensus in supporting the following DL source RS type:
· SSB as QCL Type-D source RS, with TRS as QCL Type-A source RS
· SRS for BM as QCL Type-D source RS, optionally with TRS as QCL Type-A source RS

Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC 
· FFS : MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI  state
· Above is applicable for eMBB
· FFS : Details on power control setting for URLLC

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI, for DL or UL channels/signals that can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update):
· For DL: A non-UE dedicated PDCCH/PDSCH associated with the serving cell PCI or AP CSI-RS for BM or CSI (per previous agreements) sharing the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
· For UL: An SRS for BM, for antenna switching, or for codebook/non-codebook based uplink transmission (per previous agreements) sharing the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources (via Rel-17 MAC-CE/DCI TCI state update) is configured via RRC.
Note: The details of this RRC configuration (e.g. whether via a new RRC parameter or other means) is up to RAN2. This does not imply that a new RRC parameter(s) is necessary from RAN1 point of view.
FFS: Relevant UE capability to be discussed under UE feature agenda item.



· QCL types for unified TCI 
R16 only supports 4 types of QCL defined for DL signals and channels: type A for {Doppler shift, Doppler spread, average delay, delay spread}, type B for {Doppler shift, Doppler spread}, type C for {Doppler shift, average delay}, and type D for spatial RX parameter. UL TX spatial parameter or TX beam is defined separately for UL PUCCH and SRS. There is no separate or joint DL/UL TCI state in R16 including both DL TCL and UL TCL (spatial relation information). To support joint DL/UL TCI, separate DL/UL TCI, and UL-only TCI, it is necessary to introduce new QCL type definitions. To bring UL into the QCL framework, a new QCL-Type can be defined which is essentially the same as UL spatial relation information. This UL QCL type reuses the same source RS as UL spatial relation information and is applied only to the UL TCI state. For a joint DL/UL TCI state, a common DL RS is used as both the DL spatial RX parameter and the UL TX beam. Although the source RS type can be the same as QCL-TypeD, it is necessary to distinguish it from a DL-only TCI because there is no way to separate DL-only TCI with joint DL/UL TCI other than in RRC configuration. A second new QCL type definition is required for joint DL/UL TCI. A separate DL/UL TCI state contains two reference signals for spatial information, one for DL as spatial RX parameter and one for UL as spatial RX parameter. This can be done with a combination of a traditional QCL-TypeD for DL only and a new QCL type for UL only. To summarize, to support the new QCL types in the R17 joint TCI framework, we need to define two new types of QCL relations, one for joint DL/UL, and one for UL only. Let’s call the joint DL/UL QCL type TypeE, and UL-only QCL type TypeF. Combining QCL-TypeE, QCL-TypeF with the existing QCL types can produce all the TCI states of R17 as shown in the following examples:
· A DL only TCI: {QCL-TypeA, QCL-TypeD}
· A UL only TCI: {QCL-TypeF}
· A joint DL/UL TCI:{QCL-TypeA, QCL-TypeE}
· A separate DL/UL TCI: {QCL-TypeA, QCL-TypeD, QCL-TypeF}

Proposal 1: Define a new QCL type for joint DL/UL QCL.
Proposal 2. Define a new QCL type for UL-only QCL.

· CSI-RS as QCL source in the unified TCI framework
	R16 QCL rule allows a CSI-RS resource for CSI be used as a source of QCL-TypeA, and if applicable QCL-TypeD, for DM-RS of PDCCH/PDSCH. The same rule shall be extended to R17 unified TCI framework, for at least UE-dedicated reception of PDCCH/PDSCH and other channes/signals sharing their TCI states. 

Proposal 3: Support CSI-RS for CSI as QCL-typeA, and the same CSI-RS resource as QCL-typeD  source if applicable for UE-dedicated reception of PDCCH/PDSCH.  

· SRS as target for R17 TCI
	It was agreed that the above SRS can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources in a CC, but when the SRS doesn’t share such Rel-17 TCI state, it remains to be determined whether it can be configured as a target of R17 UL or joint TCI at all.  There are several reasons making the configuration of such SRS impossible. From UL TX beam point of view, the spatial relation for SRS is configured per SRS resource. On the other hand, the power control parameters (alpha, p0, closed-loop index) are configured per SRS resource set. By previous agreement, a UL or joint TCI state has a power control parameter set that applies to the target channel/signal. If we allow a SRS resource to be configured as a target for R17 UL or joint TCI state, the power control parameter set is also automatically updated when the TCI state applies to the SRS resource. Different SRS resources within the same SRS resource set therefore will have different power control parameters when indicated by different TCI states. This is inconsistent with the definition of SRS resource set. 

[bookmark: _Hlk86313575]Proposal 4:  If a SRS resource for BM, antenna switching, codebook-, or non-codebook-based UL transmission doesn’t share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, it cannot be configured as a target for R17 UL or joint TCI. In this case, the spatial relation for the SRS resource and the power control parameter for SRS resource set are configured as Rel-16 manner.


Inter-cell beam indication
The following agreement is achieved in RAN1#106bis_e on L1/L2-centric inter-cell mobility:
	Conclusion
On Rel-17 beam indication enhancements for inter-cell beam management, for separate DL/UL TCI, there is no consensus in restricting the indicated DL TCI and UL TCI to be associated with SSBs of a same physical cell ID.
· Whether a corresponding UE feature can be introduced can be discussed in UE feature agenda

Conclusion
On Rel-17 beam indication enhancements for inter-cell beam management, the supported number of physical cell IDs different from that of the serving cell that are associated with activated TCI states for the supported Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) will be decided as a part of UE feature discussion.
· Decide in conjunction with inter-cell mTRP, where the candidate value(s) include at least 1

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, NMAX (the maximum number of RRC-configured PCIs different from the serving cell for measurement/reporting) is up to UE capability with candidate values of at least 1 and X.
· Note: The upper bound for X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE is RRC-configured for L1-RSRP measurement with up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· FFS: UE measurement behaviour when SSBs associated with different PCIs overlap, including whether this is up to UE capability 

Conclusion
[bookmark: _Hlk84843602]On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in RAN1 on UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP 



· L1-RSRP report for inter-cell beam measurement 

In a CSI-ReportConfig for inter-cell beam management, SSBs with PCI with both the serving cell and non-serving cells can be included, where the maximal number of PCIs non-serving cells (NMAX ) is a UE capability. In the corresponding UCI, the UE shall report a number of measured L1-RSRP from the configured SSBs in the CSI-ReportConfig. R15 differential reporting format for L1-RSRP values shall be reused. Alt1 allows L1-RSRP values of SSBs from more than one PCI to be reported in the same CSI report will make the CSI report format consistent with the configuration, and they can be transmitted in a single UCI. Alt 2 fragments the report into multiple UCIs unnecessarily, and the number of UCIs varies depends on the measured L1-RSRP values from the total K+1 cells. Alt 2 also tends to report more weaker L1-RSRPs than Alt 1, since the number of L1-RSRPs included in each report is associated with a single PCI and based on the largest L1-RSRP from the same PCI, not the largest L1-RSRP from all the PCIs in the same CSI-ReportConfig. This results in the gNB getting a skewed picture from the reported L1-RSRPs. Because of these, we support Alt 1. 
Proposal 5: Support Alt 1 for inter-cell beam measurement report: Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP.

When SSBs associated with more than one PCIs are included in the same CSI-ReportConfig, the transmission power of different SSBs may be different and this may pose an issue to the CSI report. When different SSBs  have different TX powers, the received L1-RSRP does not reflect the true path-loss to the respective TRPs. Different TX powers also increase the range of the received L1-RSRP values. This problem is more severe than the first problem, because under some extreme cases, the difference between the strongest L1-RSRP and other L1-RSRP received from a low power TRP may exceed the range of differential representation (32 dB). This causes some L1-RSRP values to be dropped from the CSI report and leads the gNB to make false decision based on the received CSI report. To prevent this from happening, difference between TX powers of the SSBs with the serving PCI and non-serving PCI shall be compensated for in the CSI report, where the TX power of SSBs of serving PCI is used as the baseline. By making adjustment to the reported L1-RSRP valued based on the difference of SSB power, the dynamic range of the reported L1-RSRP can be handled by the R15 differential encoding scheme. The gNB is free to configure the TX power of different gNBs, which is really a network deployment and optimization issue, and it shall not be impeded by the CSI reporting mechanism.
Proposal 6: Adjustment the reported L1-RSRP value by incorporating the difference of the TX power between SSBs of the serving PCI and non-serving PCI. 

The SSBs sent from non-serving cells increase the total number of SSBs configured for L1-RSRP measurement greatly. This increases the amount of processing and power consumption for the UE. Because the measurement of SSBs from non-serving cell is to initiate inter-cell beam management and inter-cell mTRP, the reporting of L1-RSRP of these out-of-cell SSBs are more useful to the serving gNB when the signal from the serving cell is low. It makes sense for the UE to use the L1-RSRPs from the serving cell to help determine when to start reporting L1-RSRP from non-serving cells. Only when the L1-RSRP from the serving cell is below a threshold, the UE needs to start measuring L1-RSRP from SSBs sent by non-serving cells configured in CSI-ReportConfig, and report L1-RSRPs from SSBs sent by non-serving cells when they are sufficiently strong compared to that of the serving cell. This condition for triggering the measurement and reporting of L1-RSRPs from non-serving cell reduces the power consumption of the UE while guaranteeing the reported L1-RSRPs is useful for the serving gNB.  
Proposal 7: Support event-based beam reporting and sse the L1-RSRP from the serving cell as a precondition to trigger measuring and reporting SSB L1-RSRP from non-serving cells.

· TCI states associated with non-serving cell SSB

To support transmission from non-serving cell and inter-cell mTRP, we need to support at least multi-DCI multi-TRP from a non-serving cell. This requires the UE to receive UE-dedicated PDSCH and PDCCH from a TRP associated with a non-serving cell. The type of RSs that can serve as QCL from UE-dedicated PDSCH and PDCCH shall follow the convention of R16. Only NZP-CSI-RS can serve as QCL for UE-dedicated PDSCH and PDCCH. SSB associated with a PCI different from the serving cell can serve as indirect, but not direct QCL reference for UE-dedicated PDSCH and PDCCH transmitted by a TRP from a non-serving cell.
Proposal 8: SSBs associated with a PCI different from the serving cell can serve as indirect, but no direct, QCL for UE-dedicated PDSCH and PDCCH.

UE panel information indication and updating

UE panel assumption has been agreed to make the design for multiple UE panels easier. UE can be equipped with multiple panels where one panel can be activated for transmission at a time, while more  panels are activated for receptions. Multiple activated panels on UE side can bring spatial diversity, and UE needs to inform gNB for better scheduling. It has been proposed that UE can report a list of panel properties to the gNB, such as the number of SRS ports, the number of SRS resources, coherent types of the panel. This list of capability values can be viewed as a characteristics of a UE panel. If a UE has two panels that are asymmetric, each panel will have a different list of properties, and this list of properties can be used as an identification for a panel. However, when the UE has two panels that are identical, the two panels cannot be distinguished by the list of properties. It is best to use panel IDs to the panels, while each panel is associated with an entry in the lists of properties. It is straightforward to include a panel identifier to the CSI report, so the gNB will  have no misunderstanding on which CSI-RS or SSB is received and reported by which panel. 
When explicit panel ID is not used to represent a panel, the set of panel properties can be used instead. To distinguish identical panels, duplicate sets of panel properties need to be configured, each set of property represent not a panel type but a distinctive panel. This is less efficient than using panel ID but still provides a way to identify a panel in a CSI report, thus associating the reported CRI or SSBRI with a panel entity. If explicit panel ID is not used, we propose to allow duplicate set of panel properties and use this set to represent a panel entity. 
Proposal 9: For panel capability, include the number of SRS ports, the maximal number of SRS resources, and the coherent type in the list. 
Proposal 10: Use either explicit panel entity ID  or a list of capability values to identify and characterize the UE panels.

Conclusion
We have discussed unified TCI framework, inter-cell mobility, and multi-panel UE. Our proposals are summarized as below:
Proposal 1: Define a new QCL type for joint DL/UL QCL.
Proposal 2. Define a new QCL type for UL-only QCL.
Proposal 3: Support CSI-RS for CSI as QCL-typeA, and the same CSI-RS resource as QCL-typeD  source if applicable for UE-dedicated reception of PDCCH/PDSCH.  
Proposal 4:  If a SRS resource for BM, antenna switching, codebook-, or non-codebook-based UL transmission doesn’t share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, it cannot be configured as a target for R17 UL or joint TCI. 
Proposal 5: Support Alt 1 for inter-cell beam measurement report: Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP.
Proposal 6: Adjustment the reported L1-RSRP value by incorporating the difference between SSBs of the serving PCI and non-serving PCI. 
Proposal 7: Use the L1-RSRP from the serving cell as a precondition to trigger measuring and reporting SSB L1-RSRP from non-serving cells.
Proposal 8: SSBs associated with a PCI different from the serving cell can serve as indirect, but no direct, QCL for UE-dedicated PDSCH and PDCCH.
Proposal 9: For panel capability, include the number of SRS ports, the maximal number of SRS resources, and the coherent type in the list. 
Proposal 10: Use explicit panel entity ID with a list of capability values to identify and characterize the UE panels.
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