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Introduction
In RAN1#102-e, six issues have been identified for multi-path enhancements [1]:
· Issue1: Unified TCI framework and state.
· Issue 2: L1/L2-centeric inter-cell mobility.
· Issue 3: Dynamic TCI state update signaling.
· Issue 4: MP-UE assumption to facilitate fast UL panel selection.
· Issue 5: MPE Mitigation.
· Issue 6: Advanced beam management for beam acquisition. 
Further agreements were made in RAN1#103-e [2], RAN1#104-e [3], RAN1#104b-e [4], RAN1#105-e [5] and RAN1#106-e[6]. 
In this contribution, we present Samsung’s views on the 6 issues.
[bookmark: _Ref54011617]Issue 1: Unified TCI Framework and State
Number of RRC configured and activated TCI states
In case of separate TCI state indication, the network can activate TCI states for UL and TCI states for DL, by having only 8 TCI states equally split between DL and UL, this implies 4 active TCI states for DL and 4 active TCI states for UL, which is less than what can be supported in Rel-15/16, i.e. 8 active DL TCI states. Increasing the number of active TCI states to 8 allows the network to maintain the same number of active TCI states in case of separate beam indication.
A similar argument can be made for the number of RRC configured TCI states. In Rel-17, the RRC configured TCI states includes DL, UL and Joint TCI states, to keep the same flexibility as Rel-15/16 it would seem reasonable to double the number of RRC configured TCI states.
Proposal 1: Increase maximum number of activated TCI state codepoints to 16 for DCI-based beam indication by increasing the TCI field bitwidth to the maximum of 4 bits. Increase RRC configured TCI states per carrier/BWP to 256.

QCL Type-D rules
We support extending the Rel-15/16 QCL/TCI rules for all signals/channels (including non-UE dedicated channels) to Rel-17 TCI not only because it technically makes sense to do so, but it is also our understanding of the previous agreement (that it extends to all target signals/channels). Strictly speaking, an agreement on this may not be needed. But clarification is good to avoid misinterpretation. If needed, we are also open to have these rules explicitly stated (repeated) to avoid any potential misunderstanding. 
The Type-D Rel-15/16 QCL states are provided in the table below

	Source RS
	Target RS

	SSB
	Periodic TRS, CSI-RS for BM and CSI-RS for CSI

	Periodic TRS
	AP TRS, CSI-RS for BM, CSI-RS for CSI and PDCCH/PDSCH DMRS

	CSI-RS for BM
	Periodic TRS, CSI-RS for BM and CSI-RS for CSI and PDCCH/PDSCH DMRS

	CSI-RS for CSI
	PDCCH/PDSCH DMRS



Proposal 2: Confirm that Rel-15/16 QCL Type-D rules to Rel-17 TCI state for all channels/signals that are valid as target.
For inter-cell beam indication, TRS and CSI-RS for BM configured for a UE can have the SSB of a neighbouring cell, with a PCI different from that of the serving cell, as a source RS of QCL Type-D. The TRS and CSI-RS can themselves become a source RS of QCL Type-D for a UE dedicated channel, thus making the SSB of a neighbouring cell, with a PCI different from that of the serving cell an indirect source RS.
Proposal 3: TRS and CSI-RS for BM configured for a UE can have the SSB of a neighbouring cell, with a PCI different from that of the serving cell, as a source RS of QCL Type-D.

Source RS Types
In RAN1#104-e, it was agreed to at least support the source/target DL QCL relations supported by Rel-16, i.e. CSI-RS for beam management and CSI-RS for tracking are supported as QCL Type-D source RS. It was left open whether to support additional QCL Type-D source RS.

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 

In RAN1#104b-e and RAN1#105-e, this topic has been discussed with no conclusion.
In this section, we present our views on this topic. The SSB can be supported as an additional QCL Type-D source RS. In Rel-15/16 the SSB is a QCL Type-D source RS before dedicated RRC configuration. The SSB is already supported as a source RS for UL TCI state, in case of joint UL-DL TCI state indication, the same RS is indicated as the UL spatial source RS and DL QCL Type-D source RS, so it would seem natural to support the SSB as a QCL Type-D source RS. Another motivation is that with a joint pool for CA, we can have QCL Type-D RS as the SSB of one CC, and QCL Type-A RS as the TRS of own CC, the Type-A source RS would itself have the Type-D RS as its source RS when in the same TCI state. 

Proposal 4: On Rel.17 unified TCI framework support SSB as a QCL Type-D source RS in the TCI state.

The SRS for beam management can be used to indicate QCL Type-D source RS. The SRS for beam management (BM) is already supported as a source RS for UL TCI state, in case of joint UL-DL TCI state indication, the same RS is indicated as the UL spatial source RS and DL QCL Type-D source RS, so it would seem natural to support the SRS for BM to indicate a QCL Type-D source RS. The SRS for BM is an uplink signal transmitted by the UE, and the UE is vulnerable to short term rotations which could impact the suitability of the SRS as DL QCL Type-D source. The SRS for BM can have a source RS that is a DL signal, i.e., SSB or NZP CSI-RS, the DL source RS of the SRS for BM is used the DL QCL Type-D source when the SRS is used for DL spatial indication. This saves signalling overhead by indicating a single source RS rather than 2 different source RS.

Proposal 5: On Rel.17 unified TCI framework support SRS for BM for QCL Type-D indication in a TCI state. The DL source RS of the SRS for BM is the QCL Type-D source for the corresponding TCI state.

The extension of TCI state to include Type B and Type C QCL Info is needed for channels/signals other than UE-dedicated PDSCH/PUCCH similar to Rel-15/16.
Proposal 6: For Rel-17 TCI states support QCL Type B and QCL Type C.

TCI state pool
Per previous agreement (confirmed working assumption in RAN1#106-e), if the PDSCH config doesn’t include the TCI state pool, the PDSCH config includes an ID of the reference cell/BWP that includes the TCI state pool.
Proposal 7: When the TCI state pool is not included in PDSCH_Config, a reference (e.g. ID) of the reference CC/BWP with the TCI state pool is included. The UE can be configured with multiple common pools, hence multiple reference CCs/BWPs.  
In RAN1#106-e, TCI state pool for UL TCI state was not discussed. In RAN1#103-e [2], it is agreed to accommodate separate beam indication for UL and DL, in addition to joint beam indication. An open point from the RAN1#103-e agreements is whether to use for UL TCI state common (same) or separate TCI state pools from DL TCI state.


Agreement
On Rel-17 unified TCI framework, to accommodate the case of separate beam indication for UL and DL:
….
· 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
…

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)
…


 There are two cases to consider for DL/UL beam indication:
· Case 1: Joint DL/UL beam indication. Since beam correspondence is default, a common beam indication RS can be used for DL and UL transmissions. In this case, one RS can be used as a source RS for QCL Type-D or spatial relation information for both DL and UL transmissions respectively. Thus, the TCI state indicates a same source RS for DL and UL transmissions.
· Case 2: Separate DL/UL beam indication. For a special case of MPE where an UL beam is chosen not to correspond to the DL beam, separate beam indication RSs can be used for DL and UL transmissions.

According to case 1 and case 2, there are three types of TCI state indications:
· Joint TCI state for DL and UL beam indication (case 1).
· DL TCI state in case of separate DL and UL beam indication (case 2 DL).
· UL TCI state in case of separate DL and UL beam indication (case 2 UL).

A TCI state used for joint beam indication includes components for beam indication of DL channels, as well as components for beam indication of UL channels. Hence, it seems natural to reuse the same pool of TCI states in case of separate DL/UL beam indication, whereby 
· A DL TCI state is indicated from the common TCI state pool, such that the components related to DL beam indication are used to determine the DL beam.
· An UL TCI state is indicated from the common TCI state pool, such that the components related to UL beam indication are used to determine the UL beam.
This is especially true when symmetry between source RS used for DL QCL reference and UL spatial reference exists. This is feasible with beam correspondence and motivates the use of SRS as a source RS for DL QCL reference. 


Figure 1: A common TCI state pool for joint and separate DL/UL beam indication.

Proposal 8: For the purpose of UL TCI state indication, in case of separate DL/UL beam indication, the TCI state is chosen from a common TCI state pool. The same pool is also used for joint TCI state indication, as well as DL TCI state indication in case of separate DL/UL beam indication.


[bookmark: _GoBack]Pathloss RS
The pathloss RS (PL-RS) should be a periodic DL reference signal to enable the UE to continuously measure the pathloss. Hence, the PL-RS should be either a periodic NZP-CSI-RS or an SSB,

Proposal 9: The PL-RS can be either a periodic NZP CSI-RS or an SSB.
A UE measures the DL pathloss to determine the pathloss in the UL, thanks to the reciprocity of the channel and accordingly determine the UL transmit power. For the DL pathloss to be an accurate reflection of the UL pathloss the PL-RS and the spatial relation RS should be the same. If they are not the same, they should at least be beam aligned. In this context, the definition of beam is alignment is that one of the RSes is a source RS of QCL Type D for the other RS, or both RSes have the same QCL Type-D source RS. Hence:
· The PL-RS is a source RS of QCL Type-D for the spatial relation RS of the UL TCI state or the Joint TCI state.
· The spatial relation RS of the UL TCI state or the Joint TCI state is a source RS of QCL Type-D for the PL-RS.
· The spatial relation RS of the UL TCI state or the Joint TCI state and the PL-RS have the same source RS of QCL Type-D.

Proposal 10: "Beam alignment" if the PL-RS and spatial relation RS of a Joint or UL TCI state are not the same is defined as:
· PL-RS = QCL Type-D RS of UL TCI spatial relation RS, or
· QCL Type-D RS of PL-RS = UL TCI spatial relation RS, or
· QCL Type-D RS of PL-RS = QCL Type-D RS of UL TCI spatial relation RS

Association of PC parameters with TCI states

A UE is configured by RRC a list of UL PC parameter IDs with associated PC parameters (P0, alpha, CL ID). The MAC CE activating the TCI states includes a list of associated UL PC parameters IDs one for each activated TCI state.

Proposal 11: The association of the PC parameters with a TCI state is done for activated TCI state in the MAC CE command that activates the TCI states.

Issue 2: Inter-cell beam management
Beam measurement and reporting of neighbouring cell RSs:
In RAN1#106-e [6], the following agreement was made, with some open points for further discussion:
Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for inter-cell beam management and inter-cell mTRP, select NMAX (the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting) from the following alternatives (to be decided in RAN1#106bis-e): 
· Alt1: NMAX   is up to UE capability with candidate values of 1 and X.
· Note: X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE measures up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· Alt2. NMAX=1

The maximum number Nmax of RRC configured neighboring cells for measurement and reporting in a single reporting instance shall be up to a UE capability with candidate values of 1 and X>1. For instance, X could be 7 so that the bit-width for reporting is 3 (plus the serving cell). We therefore support Alt1. Furthermore, the UE could only report to the network in a single reporting instance the measurement results of a subset of the total Nmax RRC configured neighboring cells (1<NNmax). The UE could dynamically select the subset of neighboring cells. If the N neighboring cells in the subset are dynamically selected by the UE, the UE shall indicate to the network, along with the beam reports, the selected subset of neighboring cells including the quantity N of the subset.

It was agreed that the UE could report K beams for neighboring cell(s) in the same reporting instance as that for the serving cell. To reduce UCI overhead, differential RSRP reporting should be supported. The largest measured L1-RSRP is quantized to a 7-bit value, while rest of the measured L1-RSRPs are quantized to 4-bit values with reference to the largest value.

 Proposal 12: On multi-beam measurement and reporting enhancements for inter-cell beam management and inter-cell mTRP, support:
· Alt1: NMAX   is up to UE capability with candidate values of 1 and X.
· Note: X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE measures up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· Reporting a variable number N (1<N≤Nmax) of neighboring cells selected by the UE in the same reporting instance of beam reports
· Differential L1-RSRP reporting for mixed serving cell and neighboring cell beam reports

Beam indication of neighbouring cell RSs
In RAN1#106-e [6], the following agreement was made
Agreement
On Rel.17 beam indication enhancements for inter-cell beam management, 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):
· Support a UE feature on how many physical cell IDs (including that of the serving cell) can be associated with the activated TCI states 
· FFS: If UE is configured for only one physical cell ID, decide between the following two options:
· Opt1: the NW can activate TCI states associated with either the same physical cell ID as that of the serving cell or a different physical cell ID from that of the serving cell 
· Opt2: the NW can only activate TCI states associated with the same physical cell ID as that of the serving cell
Note: The above does not necessarily mean that more than 1 physical cell ID that is not serving cell in RRC

There is an FFS in this agreement which is how to handle the case the UE is configured with one physical cell ID (PCI) for the activated TCI states. In this case, the TCI states activated should belong to the same PIC, the PCI can be that of the serving cell or that of a neighboring cell with a different PCI. To switch beams between the serving cell and a neighboring cell a MAC can activate the TCI states of the new target cell.

Proposal 13: When a UE is activated with one PCI for inter-cell beam indication, the MAC CE can activate TCI states for the serving cell or a neighboring cell with a PCI different from that of the serving cell.


[bookmark: _Ref54233531]Issue 3: Dynamic TCI state update signalling
In Rel-15/Rel-16 processing latency depends on the sub-carrier spacing of a source channel that triggers processing (e.g. PDSCH with data to decode) and the target channel carrying the feedback (e.g. PUCCH with HARQ-ACK). The processing latency is generally dependent on the sub-carrier spacing of both channels. It would be natural to apply the same principle to the beam application time. i.e. the beam application time depends on the SCS of the channel carrying the beam indication and the SCS of the channels to which the beam indication is to be applied. In case of cross carrier beam indication, with a common beam across the carriers and with different SCS on different carriers, the beam application time is determined based on the SCS with the longest latency (the smallest SCS). Such that a single beam application time is determined for all carriers.
Multiple BAT values may need to be indicated in some scenarios. For instance, when the beam indication indicates the need for panel switching (for a MPUE), the UE panel implementation may require additional processing time due to panel switching. Therefore, a least two BAT values (B1, B2) can be indicated to such UEs. When the beam indication doesn’t require panel switching, the UE uses the first value B1 and when it requires panel switching, the UE uses the second value B2. Finally, the multiple BAT values are indicated subject to the UE capability reporting including either a single minimum BAT value that applies common to all of the multiple indicated BAT values, or multiple minimum BAT values, e.g. one for each of the multiple indicated BAT values. 
Proposal 14: On Rel-17 DCI-based beam indication, regarding application time of the beam indication: the first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment.
Proposal 15: On Rel-17 DCI-based beam indication, regarding application time of the beam indication: Multiple (e.g. 2, B1 and B2) BAT values are indicated for MPUE, the indicated multiple values are subject to a single or multiple minimum BAT values reported via UE capability reporting. When beam switching is within the same panel B1 is used. When beam switching is across panels B2 is used.
Issue 6: Advanced Beam Tracking/Refinement
Group 1 Enhancement
In RAN1#106-e [6], the following agreement was made with three options to facilitate advance beam refinement and tracking. 
Agreement
On Rel-17 enhancements to facilitate advanced beam refinement/tracking, in Rel-17, further focus study (including down-selection) and, if needed, specification effort on Opt 1-A as agreed in RAN1#105-e (UE -initiated beam selection/activation based on beam measurement and/or reporting, without beam indication or activation from NW) comprising: 
· UE -initiated (DL-only or DL/UL) beam selection, including the following options
· Opt1. The selected beam is reported by an event-triggered UE beam reporting via, e.g. UCI , MAC CE, UL CG, or Type 1/Type 2 CBRA/CFRA
· Opt2. The selected beam is reported by a legacy UE beam report (NW-configured)
· FFS on triggering condition and NW-indication of a beam group in which the UE is allowed to do the beam selection, e.g., the NW-indication via MAC-CE
· FFS : NW confirmation, e.g. if no NW beam selection command overwriting the selected beam is received in a time window after the report
· UE-initiated beam activation based on beam reporting  
· The reported beam(s) are activated as active TCI/spatial relation RS(s) automatically w/o NW activation command after receiving gNB response signalling , e.g. DCI/MAC CE
· FFS : The reported beam is applied directly if the number of supported activated beam by the UE is one and/or after receiving gNB response signaling, or if no NW activation command overwrites the beam(s) activated by the report in a time window after the report
· UE -initiated UL-only beam selection considering potential misalignment between network and UE on the selected beams
· The UE can select an alternative beam from the other beams in the gNB -configured set containing more than one UL beam

· The first option is for the UE to select a beam and report the selected beam to the network either using UE-initiated/event triggered mechanisms, or using the legacy UE beam report. It is expected that the network would start using the newly selected beam from the UE. To ensure beam alignment between the UE and network, the UE should wait for the network to indicate or acknowledge that it has received the beam. However, there remains the possibility that the network might not receive the beam report from the UE if the existing beam has deteriorated to the point that the communication link between the UE and the network is significantly impaired. 
· The second option is for the UE to initiate beam activation. This seems to be a plausible design option, as the UE can determine a good beam during the measurement procedure and activate this beam, and indicate the activation of the beam to the network. When the network decides to select this beam, based on measurement reports, the beam is already activated at the UE, thus eliminating the need for activation time before using the beam.
· The third option is to have UE-initiated UL-only beam selection. One issue to consider for this option is how to handle beam misalignment between the UE and network. As mentioned in the first option, if the UL beam between the UE and network has been impaired to the point that the communication link is no longer reliable, the UE would not be able to transmit information to the network including beam reports. Therefore, the UE should have the flexibility, at least in the uplink, to select and the start using a new beam when it deems that communication on the existing beam is no longer reliable. However, this new beam might not be received by the network if the network is not aware of it. One way to handle this issue is for the network to indicate to the UE more than one beam the UE can select from, when the UE deems the channel conditions on one beam to be significantly impaired it uses one of the other beam(s) indicated by the network with better channel conditions. On the network side, the beams the UE is allowed to selected from is limited, and it would be feasible for the network to determine which beam the UE has selected.

Therefore, we propose to further consider the following option
Proposal 16: On Rel-17 enhancements to facilitate advanced beam refinement/tracking, in Rel-17, support:
· UE initiated beam selection from a set of beam indicated by the network
· UE initiated beam activation and indication of activated beams to the network.


[bookmark: _Ref54011627]Issues 4 and 5: UL beam/panel selection and MPE mitigation 
In RAN1#106-e, the following agreements were made regarding MPUE and MPE mitigation.
	Agreement
On Rel.17 enhancements to facilitate UE -initiated panel activation and selection, down select or modify from the following two schemes in RAN1#106bis-e:
· Scheme 1: 
· A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance (i.e. Opt1-1 per RAN1#104-bis-e agreement) 
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS : Detailed design of how to inform the correspondence to NW 
· Note: the correspondence between a CSI-RS and/or SSB resource index and a panel entity is determined by the UE (analogous to Rel-15/16)
· Support UE reporting of maximum number of SRS ports and coherence type for each panel entity as a UE capability
· Support multiple c odebook -based SRS resource sets with different maximum number of SRS ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE capability for the panel entity 
· Scheme 2: 
· Support UE reporting one of the following (to be down selected in RAN1#106bis-e): 
· Opt1. A list of supported UL ranks (number of UL transmission layers) 
· Opt2. A list of supported number of SRS antenna ports
· Opt3. A list of coherence types (as in Rel-15) indicating a subset of ports
· The NW configures an association between an rank index and rank/number of SRS antenna ports/coherence type
· Include at least one of the index, the maximum UL rank or SRS antenna ports or coherence type corresponding to a reported SSBRI/CRI in a beam reporting instance 
· FFS : timeline to apply above result in the beam report instance
· Support multiple codebook-based SRS resource sets with different number of SRS antenna ports
· The indicated SRI is based on the SRS resources corresponding to one SRS resource set, where the SRS resource set should be aligned with the UE reported info corresponding to the index

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following:
· (Working Assumption) For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection)
· FFS: The supported value(s) of M
· FFS: Whether N represents the number of selected beams or the number of panels
· FFS: Supported values of N
· FFS: Whether beam-specific and/or panel-specific PHR is also reported 
· FFS: Additional reporting quantities, e.g. SSBRI/CRI, MPR+DL RSRP, or modified virtual PHR
· FFS: additional signaling (e.g. CSI triggering) from the NW



In Rel. 15, the following coherence types are supported for UL transmission from a 4Tx UE.
· Full-coherence (FC): a layer of UL transmission can be transmitted via all SRS antenna ports
· Partial-coherence (NC): a layer of UL transmission can be transmitted via a subset (2 out of 4) of antenna ports 
· Non-coherence (NC): a layer of UL transmission can be transmitted via a single (1 out of 4) antenna port.
Since coherence types correspond to different antenna port selection, for a MPUE, coherence types can be used to convey an information about antenna port grouping (or panels) implicitly. An example is illustrated in Table 1.
· For a FC UE, TPMI 12 (likewise 13-27) indicates a FC precoder for UL transmission from all antenna ports 0-3. This can be mapped to a single panel (or selecting all 4 ports).
· For a PC UE, 
· TPMI 4 (likewise 5-7) indicates a PC precoder for UL transmission from antenna ports {0,2}. This can be mapped to panel 1 (selecting a first pair of 2 ports).
· TPMI 8 (likewise 9-11) indicates a PC precoder for UL transmission from antenna ports {1,3}. This can be mapped to panel 2 (selecting a second pair of 2 ports).
· For a NC UE, 
· TPMI 0 indicates a NC precoder for UL transmission from antenna port 0. This can be mapped to panel 1 (selecting a first port).
· TPMI 1 indicates a NC precoder for UL transmission from antenna port 1. This can be mapped to panel 2 (selecting a second port).
· TPMI 2 indicates a NC precoder for UL transmission from antenna port 2. This can be mapped to panel 3 (selecting a third port).
· TPMI 3 indicates a NC precoder for UL transmission from antenna port 3. This can be mapped to panel 4 (selecting a fourth port).
[bookmark: _Ref83743175]Table 1
	Coherence type
	TPMI precoder
	Antenna port grouping (or panels)

	FC
	
TPMI 12: 
	


	PC
	TPMI 4 and 8:



	


	NC
	TPMI 0-3:





	




Therefore, the beam report can include an index that indicate an information about the coherence type(s) or/and TPMI(s) to indicate the number of selected antenna ports, where
· Coherence types(s) correspond to at least one of full-coherent, partial-coherent, and non-coherent
· TPMI(s) correspond to at least one of FC TPMI, PC TPMI, and NC TPMI (from UL codebook)
· FC selects all antenna ports, PC selects 2 antenna ports, and NC selects 1 antenna port.

Regarding the multiple SRS resource sets with different number of SRS antenna ports, we prefer simple solution. For instance,
· Number of SRS resource sets = 2 or 3
· Different number of SRS antenna ports = (2,1), (4,1), (4,2), or (4,2,1)
· Maximum number of SRS resources in each SRS resource set = 2 (same as Rel.15)
· Number of SRS ports is the same for all SRS resources within a set (same as Rel.15).

Finally, the alignment between the SRS resource set (S) for SRI indication and the index reported by the UE can be based the number of antenna ports selected/indicated by the coherence type or/and TPMI reported by the index. For instance, when the index corresponds to FC, the number of antenna ports can be 4 and hence can be aligned with a SRS resource set with 4 SRS antenna ports. Likewise, when the index corresponds to PC, the number of antenna ports can be 2 and hence can be aligned with a SRS resource set with 2 SRS antenna ports; and when the index corresponds to NC, the number of antenna ports can be 1 and hence can be aligned with a SRS resource set with 1 SRS antenna port.

Proposal 17: For panel activation/selection, support Scheme 2, Opt3
· beam report includes an index indicating an information about the coherence type(s) or/and TPMI(s)
· coherence types(s) correspond to at least one of full-coherent, partial-coherent, and non-coherent 
· TPMI(s) correspond to at least one of FC TPMI, PC TPMI, and NC TPMI (from UL codebook)
· reuse Rel.15 definitions: FC selects all antenna ports, PC selects 2 antenna ports, and NC selects 1 antenna port
· regarding multiple SRS resource sets with different number of SRS antenna ports
· number of SRS resource sets = 2 or 3
· different number of SRS antenna ports = (2,1), (4,1), (4,2), or (4,2,1)
· maximum number of SRS resources in each SRS resource set = 2 (same as Rel.15)
· number of SRS ports is the same for all SRS resources within a set (same as Rel.15)
· regarding alignment between SRS resource set (S) for SRI and the index reported by the UE
· when index indicates FC, S = SRS resource set with 4 port SRS resources
· when index indicates PC, S = SRS resource set with 2 port SRS resources
· when index indicates NC, S = SRS resource set with 1 port SRS resources.

There are a few open points regarding beam reporting for MPE mitigation. 
· The first point is the working assumption. In our view, WA can be confirmed with a minor revision in which “up to M SSBRI(s)/CRI(s)” is replaced with “1 SSBRI/CRI”. We fail to see the need for and benefits of introducing a value of M>1.
· The second open point is about the candidate SSB/CSI-RS resource pool and the details about how this beam reporting is configured. Since the beam reporting is based on L1 measurements (SSBs and CSI-RS resources), similar to Rel. 15/16, it should be based on the CSI reporting framework. In particular, the candidate SSB/CSI-RS resource pool can be configured via a CSI-ResourceConfig, which is linked with a CSI-ReportConfig. The reportQuantity can be set to CRI/SSBRI+P-MPR. Likewise, reportConfigType can be set to MPEReporting.
· The third point is about the values of N. Since to Rel. 15/16 beam reporting, the values of N can be 1,…,4. 
· The fourth point is whether N represents number of beams or number of panels. Similar to legacy beam reporting, we prefer N representing number of beams. 

Proposal 18: Regarding beam reporting for MPE mitigation,
· Confirm WA with a revision: replace "up to M SSBRI(s)/CRI(s)" with "1 SSBRI/CRI"
· M=1
· Beam reporting is configured via CSI-ReportConfig
· Candidate SSB/CSI-RS resource pool is configured via CSI-ResourceConfig linked to the CSI-ReportConfig
· reportQuantity = CRI/SSBRI + P-MPR
· reportConfigType = MPEReporting
· N=1,2,3,4
· N represents the number of selected beams 

Conclusions
The following proposals have been made regarding the unified TCI Framework and TCI State:
Proposal 1: Increase maximum number of activated TCI state codepoints to 16 for DCI-based beam indication by increasing the TCI field bitwidth to the maximum of 4 bits. Increase RRC configured TCI states per carrier/BWP to 256.

Proposal 2: Confirm that Rel-15/16 QCL Type-D rules to Rel-17 TCI state for all channels/signals that are valid as target.

Proposal 3: TRS and CSI-RS for BM configured for a UE can have the SSB of a neighbouring cell, with a PCI different from that of the serving cell, as a source RS of QCL Type-D.

Proposal 4: On Rel.17 unified TCI framework support SSB as a QCL Type-D source RS in the TCI state.

Proposal 5: On Rel.17 unified TCI framework support SRS for BM for QCL Type-D indication in a TCI state. The DL source RS of the SRS for BM is the QCL Type-D source for the corresponding TCI state.

Proposal 6: For Rel-17 TCI states support QCL Type B and QCL Type C.

Proposal 7: When the TCI state pool is not included in PDSCH_Config, a reference (e.g. ID) of the reference CC/BWP with the TCI state pool is included. The UE can be configured with multiple common pools, hence multiple reference CCs/BWPs.  

Proposal 8: For the purpose of UL TCI state indication, in case of separate DL/UL beam indication, the TCI state is chosen from a common TCI state pool. The same pool is also used for joint TCI state indication, as well as DL TCI state indication in case of separate DL/UL beam indication.

Proposal 9: The PL-RS can be either a periodic NZP CSI-RS or an SSB.

Proposal 10: "Beam alignment" if the PL-RS and spatial relation RS of a Joint or UL TCI state are not the same is defined as:
· PL-RS = QCL Type-D RS of UL TCI spatial relation RS, or
· QCL Type-D RS of PL-RS = UL TCI spatial relation RS, or
· QCL Type-D RS of PL-RS = QCL Type-D RS of UL TCI spatial relation RS

Proposal 11: The association of the PC parameters with a TCI state is done for activated TCI state in the MAC CE command that activates the TCI states.

The following proposals have been made regarding inter-cell beam management:
Proposal 12: On multi-beam measurement and reporting enhancements for inter-cell beam management and inter-cell mTRP, support:
· Alt1: NMAX   is up to UE capability with candidate values of 1 and X.
· Note: X as agreed in AI 8.1.2.2
· When NMAX is configured to be X, the UE measures up to X PCIs different from the serving cell PCI 
· Additional restriction may be added by RAN4
· Reporting a variable number N (1<N≤Nmax) of neighboring cells selected by the UE in the same reporting instance of beam reports
· Differential L1-RSRP reporting for mixed serving cell and neighboring cell beam reports

Proposal 13: When a UE is activated with one PCI for inter-cell beam indication, the MAC CE can activate TCI states for the serving cell or a neighboring cell with a PCI different from that of the serving cell.

The following proposals have been made regarding dynamic TCI signal update:
Proposal 14: On Rel-17 DCI-based beam indication, regarding application time of the beam indication: the first slot and the Y symbols are both determined on the carrier with smallest SCS among the carrier(s) applying the beam indication and the UL carrier carrying the acknowledgment.

Proposal 15: On Rel-17 DCI-based beam indication, regarding application time of the beam indication: Multiple (e.g. 2, B1 and B2) BAT values are indicated for MPUE, the indicated multiple values are subject to a single or multiple minimum BAT values reported via UE capability reporting. When beam switching is within the same panel B1 is used. When beam switching is across panels B2 is used.

The following proposal has been made regarding advanced beam tracking/refinement topics
Proposal 16: On Rel-17 enhancements to facilitate advanced beam refinement/tracking, in Rel-17, support:
· UE initiated beam selection from a set of beam indicated by the network
· UE initiated beam activation and indication of activated beams to the network.

The following proposals have been made regarding UL beam/panel selection and MPE
Proposal 17: For panel activation/selection, support Scheme 2, Opt3
· beam report includes an index indicating an information about the coherence type(s) or/and TPMI(s)
· coherence types(s) correspond to at least one of full-coherent, partial-coherent, and non-coherent 
· TPMI(s) correspond to at least one of FC TPMI, PC TPMI, and NC TPMI (from UL codebook)
· reuse Rel.15 definitions: FC selects all antenna ports, PC selects 2 antenna ports, and NC selects 1 antenna port
· regarding multiple SRS resource sets with different number of SRS antenna ports
· number of SRS resource sets = 2 or 3
· different number of SRS antenna ports = (2,1), (4,1), (4,2), or (4,2,1)
· maximum number of SRS resources in each SRS resource set = 2 (same as Rel.15)
· number of SRS ports is the same for all SRS resources within a set (same as Rel.15)
· regarding alignment between SRS resource set (S) for SRI and the index reported by the UE
· when index indicates FC, S = SRS resource set with 4 port SRS resources
· when index indicates PC, S = SRS resource set with 2 port SRS resources
· when index indicates NC, S = SRS resource set with 1 port SRS resources.

Proposal 18: Regarding beam reporting for MPE mitigation,
· Confirm WA with a revision: replace "up to M SSBRI(s)/CRI(s)" with "1 SSBRI/CRI"
· M=1
· Beam reporting is configured via CSI-ReportConfig
· Candidate SSB/CSI-RS resource pool is configured via CSI-ResourceConfig linked to the CSI-ReportConfig
· reportQuantity = CRI/SSBRI + P-MPR
· reportConfigType = MPEReporting
· N=1,2,3,4
· N represents the number of selected beams 
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