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1. Introduction
NR system specify multi-beam operation since 3GPP release 15 mainly to support FR2 systems. New WID for further enhancing NR MIMO [1] includes the objectives of enhancement on multi-beam operations. In this contribution, we present our views on various aspects on NR multi-beam operation enhancement. In particular, we will present our views on unified TCI state and common beam operation, inter-cell mobility, UL beam selection and MPE issues.
2. Unified TCI Framework
The use case of M > 1 and N >1
The useful scenarios for M > 1 and N > 1 in unified TCI framework are multi-TRP transmission. In a multi-TRP transmission, the UE receives PDCCH and PDSCH from two different TRPs. And the uplink transmission can be sent to different TRPs. To support unified TCI framework in multi-TRP system, it is preferred to support M = 2 and N = 2, in which the UE can be indicated with M = 2 joint TCI states that provide DL and UL TCI for the transmission associated with each TRP and the UE can also be indicated with M = 2 DL TCI states and N = 2 UL TCI states that provide DL TCI and UL TCI for the transmission associated with each TRP respectively.
Proposal 1: The use case of M > 1 and N > 1 is m-DCI based multi-TRP transmission and support M =2 and N = 2 for that.
Proposal 2: Use MAC CE to activate a set of TCI states for each CORESETPoolIndex value and use DCI to indicate TCI state(s) for PDCCH/PDSCH/PUSCH/PUCCH associated with each CORESETPoolIndex value.	
Path Loss RS and Power control parameters
In last meeting, the following design for power control parameters in unified TCI framework was achieved:
	Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· (Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states
· FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state


One FFS point is whether channel dependent PC setting shall be associated with per TCI state. As we have agreed, the PC setting of (P0, alpha, closed loop index) shall be configured per channel. The PUSCH and PUCCH generally use different power control parameters. They could have different value of P0s. Partial compensation of path loss is applied to PUSCH but full compensation of path loss is applied to PUCCH. Thus, the parameter alpha is only needed for PUSCH. And they could also use different closed loop index. Therefore, it is preferred to associated two separate PC settings with one TCI state and one PC setting is for PUSCH and another PC setting is for PUCCH.
Proposal 3: Confirm the WA on PC parameters in the agreement 
· Two separate PC settings are associated with one TCI state for PUSCH and PUCCH. 
Another FFS point is whether PC setting for SRS shall also be associated with TCI state. For SRS resource, the uplink power control parameters {P0, alpha, closed loop index} is configured to one SRS resource set, as specified in rel15/16. The reason for that is the UE shall apply a same determined Tx power on all the SRS resources within the same set so that the proper beam sweeping can be conducted. For unified TCI framework, the same technical reason is still valid and thus the PC setting shall not be associated with TCI state for SRS resource.
Proposal 4: For SRS, the PC parameter {P0, alpha, closed loop index} is configured per SRS resource set and is not associated with TCI state.
The following agreement was achieved on the design of PL RS in unified TCI framework. 
	Agreement
On path-loss measurement for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic


One FFS point is the definition of “beam misalignment”.  In our view, the “beam alignment” between the PL RS and UL Tx spatial filter can be defined that the PRS RS and the RS for UL Tx spatial filter are same or QCLed to the same QCL-TypeD source. Otherwise, the beam of PL RS and UL Tx spatial filter might be misaligned. In a practical implementation, the system shall ensure that they are always aligned. Otherwise, the determined Tx power might be too small or too large, which would cause problem to the system in either way.
As agreed, one joint TCI state or UL TCI state can be configured or associated with a PL-RS that is assumed to be periodic. If a joint TCI state or UL TCI state is not configured or associated with a PL-RS, the UE shall be requested to use the RS for UL Tx spatial filter to measure PL. In this case, the RS for UL Tx spatial filter shall be a DL periodic RS.
Proposal 5: For the PL-RS in unified TCI framework:
· The “beam alignment” is defined that the PL-RS and the RS for UL Tx spatial filter are same or QCLed to the same QCL-TypeD source, otherwise, it is called “beam misalignment”.
· The UE shall expect that the PL-RS and RS for UL Tx spatial filter have “beam alignment”, which shall be achieved by gNB implementation.
· If a joint TCI state or UL TCI state is not configured or associated with PL-RS, the UE shall use the RS for UL Tx spatial filter to measure PL and that RS shall be a DL periodic RS.
Applying the Unified TCI on Other Signals
We have discussed the issue of applying the ‘common’ TCI on other signals for quite a few times and made the following agreement in last meeting:
	Agreement
On Rel.17 unified TCI framework, discuss and decide by RAN1#106-e (August 2021)
· Whether each of the following DL RSs can share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
· CSI-RS resources for CSI
· Some CSI-RS resources for BM, if so, which ones (e.g. aperiodic, repetition ‘ON’)
· CSI-RS for tracking
· DMRS(s) associated with non-UE-dedicated reception on PDSCH and all/subset of CORESETs
· Whether some SRS resources or resource sets for BM can share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all or subset of dedicated PUCCH resources in a CC



In our view, the DL or joint TCI in rel17 unified TCI framework shall be additionally applied to the CSI-RS resource for CSI and one CSI-RS resource for BM with repetition ‘ON’.  For the CSI-RS for CSI: the common DL or joint TCI shall be applied to the CSI-RS resource used for CSI measurement. Because the UE shall always measure the CSI of the current ‘beam pair link’ applied to the PDCCH and PDSCH.
Applying the common TCI on one CSI-RS resource with repetition “ON” can help to reduce the signaling overhead and latency of beam management. We can apply the DL or joint TCI on one CSI-RS resource with repetition ‘ON’ so that the UE can always refine Rx beams with respect the ‘current’ Tx beam applied to the system.
Proposal 6: In Rel-17 unified TCI framework, the DL or joint TCI is also applied to:
· The CSI-RS resource for CSI 
· One CSI-RS resource set with repetition = ‘ON’.
Similarly, besides the UE-dedicated PUCCH and PUSCH and SRS for codebook/non-codebook/antenna switching, the indicated UL TCI shall be applied to some SRS resource for beam management. One use case for that is the common spatial setting can be applied to a set of SRS resources for beam management so that the gNB can refine its UL Rx beam always with respect to the current UL Tx beam. 
Proposal 7: In Rel-17 unified TCI framework, the UL or joint TCI is also applied to one SRS resource set for beam management.

How to reuse Rel-17 TCI states
The issue of reusing the rel-17 TCI states on other signals that are not part of the unified TCI framework was discussed and the following agreements were made:
	Agreement
On Rel.17 unified TCI framework, 
· Any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
· Note: This does not imply that all such DL RSs necessarily share a same TCI state
· The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
· FFS: Whether some SRS resources or resource sets for BM can be configured as a target signal/channel of a Rel-17 UL TCI (hence the Rel-17 UL TCI state pool)
· Note: This does not imply that DL and UL TCI state pools are separate or shared for separate DL/UL TCI (this issue is still TBD)


In our view, the SRS resources or set that are not part of the Rel-17 unified TCI framework shall not be applied the UL TCI states that are introduced in Rel-17. The reason is that would unnecessarily introduce redundant control signaling but not provide any new functionalities. In Rel-15/16, the UL spatial filter of SRS is provided through spatial relation info, which can be provided in RRC or MAC CE. If we replace the spatial relation info with UL TCI state for SRS, that does not provide any benefit to the system but only introduce redundant specification.
[bookmark: _Hlk78827297]Proposal 8: The TCI states of Rel-17 does not apply to SRS resource that is not part of the unified TCI framework.

For the CSI-RS or DMRS of non-dedicated PDCCH/PDSCH, they do not apply the indicated Rel-17 TCI state. However, the DL TCI states in the Rel-17 TCI state pool can be applied to them since they provide the same function as in Rel-15/16. Two alts for the signaling method were discussed:
	Agreement
On Rel.17 unified TCI framework, for any DL RS that does not share the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, but can be configured as a target DL RS of a Rel-17 DL TCI (hence the Rel-17 DL TCI state pool), discuss and down-select by RAN1#106-e (August 2021) between the following two alternatives:
· Alt1. Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state 
· Alt2. Rel-17 TCI state update signaling/configuration mechanism(s) are used, e.g. with Rel-17 MAC-CE/DCI-based beam indication for Rel-17 joint/separate TCI
Note: The DL RS includes CSI-RS and DMRS for PDSCH or PDCCH
Note: For some channels/signals, only one of the above two alternatives may apply (to be discussed).


In our view, for those CSI-RS or DMRS that is not part of the Rel-17 unified TCI framework, the Rel-15/16 beam indication mechanism shall be re-used along with the Rel-17 TCI state. Using Rel-17 MAC-CE/DCI-based beam indication on them is not needed since otherwise, the functionality would be different, for which we do not see justification.
[bookmark: _Hlk78827305]Proposal 9: For the DL RS that does not share the Rel-17 indicated TCI states, adopt Alt1, i.e., the Rel-15/16 beam indication mechanisms are reused along with the Rel-17 TCI state.
QCL configurations in Unified TCI framework
The QCL configurations supported in unified TCI framework was discussed and the following agreement was made in RAN1#104e meeting:
	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 


One FFS point is whether SSB can be used as QCL source RS for PDCCH/PDSCH reception. In our view, there is not justification to support SSB as TypeD source RS for PDCCH/PDSCH. SSB cannot be configured for QCL-TypeA due to narrow bandwidth. If TRS is used for QCL_TypeA and SSB is used for QCL-TypeD, then what is the QCL configuration for this TRS?  It seems that this TRS shall be QCLed with this SSB and if so, there is no merit to support SSB as QCL-typeD source for PDCCH/PDSCH reception. 
Another FFS point is whether SRS can be supported as QCL source for PDCCH/PDSCH reception. First of all, support this would contradict with the definition of UE capability. A UE who can use SRS resource to derive a downlink reception spatial filter must be a UE with the capability of beamCorrespondenceWithoutUL-BeamSweeping.  But if a UE support the capability of beamCorrespondenceWithoutUL-BeamSweeping, that means the UE does not need sending SRS for uplink beam sweeping.  In contrast, supporting SRS as QCL source would require the UE to send SRS for uplink beam sweeping. Furthermore, supporting SRS as QCL source does not reduce the overhead for beam operation. The system would have to configure a pathloss RS and DL CSI-RS resource as the spatial relation info of that SRS. Instead of using that SRS resource as the QCL source, why do not the system just configure that DL CSI-RS resource as the QCL source.
[bookmark: _Hlk78827316]Proposal 10: Do not support to use SSB and SRS for beam management as QCL-typeD source RS for PDCCH/PDSCH reception.
Carrier Aggregation Case
For unified TCI framework in CA case, the following WA was made.
	Working Assumption 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP /CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC




One FFS point is how to determine the reference BWP/CC. For a set of configured CCs in the same band, the CC with lowest CC index can be used as the reference CC. Furthermore, a fixed BWP in that CC, for instance the BWP with lowest BWP ID can be used as the reference BWP.
For a BWP/CC not configured with TCI state pool and using the TCI state pool configured in the reference BWP/CC, we shall specify the method for the UE to determine the RS for QCL-TypeA, QCL-TypeD, the RS for UL Tx spatial filter, PL-RS and UL Power control parameter settings.
· Regarding the QCL-TypeA source RS: based on the system requirement, the RS providing QCL-TypeA shall be in the BWP/CC where the TCI applies. Therefore, the UE shall assume the QCL-TypeA source CSI-RS is in the BWP/CC where the TCI states applies no matter whether or not the BWP/CC ID for the QCL-TypeA source RS is configured in the TCI state.
· Regarding the QCL-TypeD source RS: we shall consider two different cases. If the same CSI-RS is configured as QCL-TypeA and TypeD, the UE shall assume that the RS is in the BWP/CC to which the TCI state applies no matter if the BWP/CC ID for that RS is configured or not. If different CSI-RSs are configured for QCL TypeA and TypeD, the UE shall assume that the RS for QCL TypeD is in the BWP/CC where the TCI state is configured if the BWP/CC is absent or following the provide BWP/CC ID.
· Regarding the RS for UL Tx spatial filter, the UE can determine it as follows:
· In joint TCI state, the UE shall use the RS determined for QCL-TypeD.
· In UL TCI state, the UE assumes the RS in the BWP/CC where the UL TCI state is configured if BWP/CC ID is absent or follows the configured BWP/CC ID.
· The UE can determine the PL-RS as follows:
· If the BWP/CC ID is not provided, the UE assumes the PL-RS is in the BWP/CC where the TCI state is applied.
· If the BWP/CC ID is provided, the UE follows the configured BWP/CC ID.
Regarding other power control parameters (P0, alpha, closed loop index), the UE can just assume to use the setting associated with the TCI state.
[bookmark: _Hlk78827331][bookmark: _Hlk61800269] Proposal 11: Confirm the WA on unified TCI framework in CA with the following changes:
· The reference BWP/CC is the CC with lowest CC index among the configured CCs and the BWP with lowest ID of this CC.
· For a BWP/CC not configured with TCI state pool, the PL-RS for a TCI state is determined:
· If the BWP/CC ID for the PL RS is absent, the UE assumes the PL RS is in the BWP/CC where the TCI state applies.
· If the BWP/CC ID for the PL RS is provided, the UE assumes the PL RS is in the indicated BWP/CC.
· For a BWP/CC not configured with TCI state pool, the UE determines the RS for QCL-TypeA and TypeD as follows:
· If same CSI-RS is configured as QCL-TypeA and TypeD, the UE assumes the source CSI-RS is in the BWP/CC where the TCI state applies no matter if BWP/CC ID is provided or not.
· If different CSI-RSs are configured for QCL-TypeA and TypeD: 
· The UE assumes the source CSI-RS for TypeA is in the BWP/CC where the TCI state applies.
· The UE assumes the source CSI-RS for TypeD is in the BWP/CC where the TCI state is configured if BWP/CC ID is absent or follows the indicated BWP/CC.
· For a BWP/CC not configured with TCI state pool the UE determines the RS for UL Tx spatial filter as follows:
· If the TCI state is joint TCI state, the UE use the determined QCL-TypeD RS source RS.
· If the TCI state is UL TCI state, the UE assumes the RS is in the BWP/CC where the UL TCI state is configured or follows the configured BWP/CC ID. 

3. TCI State Indication 
We have agreed to reuse the TCI field in DCI 1_1/1_2 with PDSCH assignment to indicate unified TCI state(s). And it was decided that the ACK/NACK of corresponding PDSCH is the acknowledge to the TCI indication. In our view, this decision on TCI indication acknowledge has some issue. The NACK of PDSCH cannot be used as the acknowledgement to the DCI carrying beam indication due to following reasons:
· In Type-1 codebook, the UE generates the HARQ codebook according to the the [image: ] occasions for candidate PDSCH receptions, which are determined by the PDSCH-TimeDomainResourceAllocation and dl-DataToUL-ACK configured in RRC. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. So, even when the DCI carrying beam indication at slot n is not received by the UE correctly, the UE still reports NACK in the corresponding HARQ-ACK information bit. 
· In Type-2 codebook, the UE generate the HARQ codebook dynamically based on the DAI value contained in DCI. If a DCI is not detected by the UE, the UE is able to detect the missing of that DCI by checking the value of DAI in detected DCI formats and then the UE reports NACK in the HARQ-ACK information bit corresponding to that missing DCI.

We can observe that the UE still reports NACK bit even when the DCI is not correctly received by the UE. 
[bookmark: _Hlk61800291]Observation 1: In the method of using DCI format 1_1/1_2 with PDSCH assignment for beam indication, the UE reports NACK bit when the DCI format 1_1 or 1_2 is not received correctly by the UE. Thus, the NACK bit to PDSCH scheduled by a DCI format 1_1 or 1_2 with beam indication cannot be used as the acknowledge to the beam indication
We propose to correct this issue and only use the ACK of the PDSCH as the ACK to the beam indication.
[bookmark: _Hlk61800297]Proposal 12: For DCI format 1_1 and 1_2 with PDSCH assignment indicating TCI state, the acknowledgement to the TCI state update is the ACK of the PDSCH.
The application time of beam indication in unified TCI framework is the first slot after some time after the ack to the beam indication as in the following agreement:
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability
· FFS: Application time and whether additional offset is needed for the application time in case of cross carrier beam indication and common TCI state ID update across a set of configured CCs if CCs have different SCSs 
· FFS: Whether inter-cell beam switching needs higher X/Y values than intra-cell
· FFS: Whether application time can be indicated/determined dynamically for different scenarios, e.g. cross CC, inter-cell, inter-panel without reverting previous RAN1 agreements



One FFS point if whether different application time shall be different scenarios, for instance intra-cell vs inter-cell, cross-CC, inter-panel. Regarding the inter-cell beam management, per the revised WID, this work shall only consider intra-DU and intra-frequency cases.  There will be no L3 impact and no serving cell change. We do not need different application time for the case of intra-cell beam indication and “inter-cell” beam indication. In cross-CC beam indication, DCI format with TCI state indication is sent in one CC but the indicated TCI state is applied on another CC. For this operation, there is no reason to use different application time. Regarding the inter-panel beam indication, as we discussed in the MPUE section, specification change for MPUE panel selection is not necessary. On the other hand, specify single application time value can simply the UE operation and also simply the specification.
[bookmark: _Hlk78827366]Proposal 13: Single application time of beam indication is applied
We have agreed that the MAC CE can map one TCI filed codepoint to a joint TCI state, a DL TCI state, a UL TCI state or a pair of DL TCI state and UL TCI state:
	Agreement
For M=N=1, on Rel-17 unified TCI, for separate DL/UL TCI, one instance of beam indication using DCI formats 1_1/1_2 (with and without DL assignment) can be used as follows: 
· One TCI field codepoint represents a pair of DL TCI state and UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state and UL TCI state.
· One TCI field codepoint represents only a DL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding DL TCI state, and keeps the current UL TCI state.
· One TCI field codepoint represents only an UL TCI state. If the DCI indicates such a TCI field codepoint, the UE applies the corresponding UL TCI state, and keeps the current DL TCI state.
FFS: the cases of M or N>1


One issue on how to apply the indicated TCI is which mapped TCI state shall be applied on the PDCCH/PDSCH or PUSCH/PUCCH. For instance, one DCI format with beam indication sent at slot n indicates one TCI field codepoint. To receive a PDSCH/PDCCH or transmit PUSCH/PUCCH at slot n+m, which TCI state shall the UE apply? There are two options. Option 1 is the UE applies the TCI state that is mapped to the indicated TCI field codepoint at the slot n+m. Option 2 is the UE applies the TCI state that is mapped to the indicated TCI field codepoint at the slot n. For rel-17 unified TCI framework, in our view, only Option 2 works. The reason is, as in the above agreement, we can map different type of TCI states to one same TCI field codepoint in different MAC CE. For instance, at the slot n where the DCI format of beam indication is sent, one TCI field codepoint is mapped to one DL TCI state, but at the slot n+m, the same TCI field codepoint might be mapped to one UL TCI state or one pair of DL TCI state and UL TCI state due to a new MAC CE activation command is applied between slot n and slot n+m. In this example, Option 1 would cause issue.
[bookmark: _Hlk78827373]Proposal 14: In rel-17 unified TCI frame, the TCI state applied to each PDCCH/PDSCH/PUCCH/PUSCH is the TCI state mapped to the indicated TCI field codepoint in the slot when the beam indication DCI is sent.
4. Inter-cell beam management
According to revised WID (RP-211586), the work related with inter-cell multi-beam operation is revised to:
	a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases



The following agreement on beam measurement of non-serving cell were made and it was decided to use L1-RSRP for measurement and reporting of non-serving cell.
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies

 Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB


The purpose of inter-cell beam measurement and beam indication is to measure the candidate beams and indicating TCI state of TRP of one target non-serving cell but there is no serving cell change. On the other hand, the target non-serving cell shall be determined based on L3 RRM measurement. Therefore, the number of non-serving cell in one beam measurement and reporting configuration shall be limited to one.  Regarding the value of K, we already K can be 4, which is sufficient for the use case. Thus, we prefer not to support other larger values.
One FFS point is whether or not support CSI-RS of non-serving cell in addition to SSB.  In our view, using SSB of non-serving cell is sufficient for providing QCL information of a non-serving cell. The non-serving cell SSB can be used to provided QCL source for TRS, CSI-RS and PDSCH/PDCCH.  The functions of including CSI-RS of non-serving cell can be met by SSB. Therefore, it is not necessary to support CSI-RS of non-serving cell additionally. Regarding the CSI-RS for BM or TRS associated with a non-serving cell, we can configure a SSB of non-serving cell as the QCL source for them, therefore, they can be included in inter-cell beam management naturally. 
[bookmark: _Hlk78827388][bookmark: _Hlk71484920]Proposal 15: On inter-cell beam measurement and report:
· The number of non-serving cell for L1-RSRP measurement/reporting is limited to 1 
· Do not support K > 4.
· Do not support L1-RSRP measurement and reporting of CSI-RS for mobility of non-serving cell
The following working assumption was made on the inter-cell beam indication for Rel-17 unified TCI framework:
	Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· 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) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH


To support the beam indication for inter-cell beam management, we shall support to configure a SSB associated with different physical cell ID as the QCL source for a CSI-RS resource and the CSI-RS resource can be configured in TCI state that provide QCL for UE-dedicated PDCCH and PDSCH.  Regarding to use SSB as the direct QCL reference for PDCCH/PDSCH, we prefer to keep the same design principle as that of configuring serving cell SSB as QCL reference because the same technical concerns exist here.
[bookmark: _Hlk78827397]Proposal 16: For inter-cell beam indication:
· SSB of a PCID different from that of serving cell can be configured as QCL reference for CSI-RS that is configured as QCL source for UE-dedicated PDCCH/PDSCH.
· Do not support configuring SSB of PCID different from that of serving cell as direct QCL reference
· The number of PCID other than serving cell is limited to 1.

[bookmark: _Hlk53586017]As described in the revised WID, the inter-cell beam management assumes intra-DU and intra-frequency. Furthermore, this work focusses on FR2 where cell range is small. The TCI state changing to non-servings cell is only possible in the overlapping area of TRPs hence the timing difference between TRPs is not significant in practice. If RACH procedure is assumed necessary then the RACH procedure itself will defeat the main intention of the whole feature.
[bookmark: _Hlk78827408]Proposal 17: For inter-cell beam management, we assume TRPs are synchronised and timing advance is maintained sufficiently that a RACH would not be required
As specified in Rel-15/Rel-16, the gNB can use MAC CE to indicate one TCI state for the CORESET#0. And in the indicated TCI state for CORESET#0, the CSI-RS shall be QCLed to a SSB with respect to QCL-TypeD. And the associated SSB is used by the UE to derive the configuration of SS#0. In the Rel-17 inter-cell beam management, we only support the L1 beam measurement and beam indication associated with non-serving cell SSB but do not change the serving cell and there is no L3 impact. Thus, we cannot indicate a TCI state associated with a non-serving cell SSB for the CORESET#0. Otherwise, the UE is not able to derive the configuration of SS#0 since the UE shall not be requested to read the MIB related with that non-serving cell.
[bookmark: _Hlk71484928]Proposal 18: In Rel-17 unified TCI framework, the TCI state indicted for CORESET#0 cannot be one that is associated with non-serving cell SSB.
5. Multi-Panel UE
On Uplink panel selection, we have made the following pertinent agreements:
	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
Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, for CSI/beam measurement/reporting, down select and/or modify from the following candidates:
· Opt1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
· The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
· FFS: How to inform through CSI/beam reporting framework
· FFS: Detailed design of the correspondence including the conveyed information 
· 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)
· Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports
· FFS: Detailed design of the new panel ID including the information conveyed by the new panel ID
· Note: The association between the new panel ID and the panel entity is determined by the UE
· Opt1-3: No additional specification support
· The duration in which the above panel entity reference is valid and the respective setting are FFS
Note: “panel entity” is only used for discussion purpose


In our view, the beam measurement and reporting functions specified in Rel.15/16 can fully support uplink panel selection and thus no additional specification support is needed in Rel.17. As specified in Rel.15/16, the gNB can configure the UE to measure L1-RSRP or L1-SINR of a set of CSI-RS resources and/or SSBs. During the beam measurement, the UE would determine the mapping between each CSI-RS resource or SSB and the Tx beam/UE panel for uplink transmission. For each reported CRI or SSBRI contained in the beam reporting instance sent to the gNB, the UE knows the mapping between each reported CRI/SSBRI and the UE Tx beam/panel for uplink transmission. Then when the gNB indicate one CSI-RS resource or SSB as the RS for uplink spatial Tx filter, the UE can derive the correct Tx beam/panel according to the mapping between CSI-RS/SSB and the Tx beam/panel.
The information of correspondence between CSI-RS/SSB and UE Tx beam/panel is controlled by the UE and as long as it is well known at the UE side, the UE can select proper Tx beam and panel for each indicated UL TCI without any problem. On the other hand, the gNB does not need that correspondence information.  Thus, we do not need enhance the beam reporting to send such information to the gNB. 
[bookmark: _Hlk71484940]Proposal 19: For Rel.17 UE-initiated panel selection, no additional specification support in needed for beam measurement and reporting (i.e., Opt1-3).

The issue of supporting different number of ports for SRS resources was discussed in RAN1#104b meeting and the following agreement was made:
	Agreement
On Rel.17 enhancements for MPUE, for codebook based UL transmission, decide by August RAN1 meeting whether to support CB-based SRS resources with different numbers of ports
· FFS details (e.g. per resource or per resource set)
· Note: the above is not for Rel-16 full power transmission but for Rel-17 panel-specific UL transmission
· FFS: non-codebook based UL transmission for MPUE 
· FFS whether existing BWP switch based mechanism (discussed previously in Rel-16 power saving WI) can serve such purpose 

For future meetings:
Continue to study necessary enhancements to optimize transmission from UEs with different number of max numbers of UL MIMO layers per panel entity



Rel.16 already can support configuring different number of ports for the SRS resource in the SRS resource set for codebook-based PUSCH transmission. For example, as specified in Rel.16, in the SRS resource set for codebook-based PUSCH transmission, the UE can be configured with one SRS resource with 2 ports and another SRS resource with 4 ports. Thus, we do not need to specify the same function in Rel.17.  Instead, we can consider to support configure two SRS resource sets for codebook-based PUSCH transmission and different number of ports can be configured to different set. The UE can indicate the system which SRS resource set the UE is uses for uplink transmission. The use case for such design is the UE can switch the transmission setup.
[bookmark: _Hlk71484949]Proposal 20: Support configuring two SRS set with different number ports for CB-based PUSCH transmission and the UE can indicate to the gNB which one of these two set is used for uplink transmission.
6. The Issue of MPE

We shall first discuss when the issue of MPE would happen. Consider a UE has two candidate beams for uplink transmission. They are represented by CSI-RS #1 and CSI-RS #2. For the uplink transmission, the UE determines its maximum output power PCMAX,f,c for a uplink transmission.  As specified in 38.101-2, in FR2, the UE determines the value of PCMAX,f,c such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
where PPowerclass is the UE power class and EIRPmax is the applicable maximum EIRP. P-MPRf,c is the allowed maximum output power reduction. The UE shall apply P-MPRf,c for carrier f of serving cell c to ensure compliance with applicable electromagnetic power density exposure requirements. In Rel-16,  UE capability maxUplinkDutyCycle-FR2 is defined to specify the UE capability of facilitating electromagnetic power density exposure requirements. If the percentage of uplink symbols transmitted within any 1 second evaluation period is larger than maxUplinkDutyCycle-FR2, the UE can apply the allowed maximum output power reduction P-MPR in determining PCMAX,f,c.
For each particular value of , the UE choose a value within those two bounds based on the uplink transmission duty cycle. If the UE transmits uplink with higher duty cycle, the UE would choose a smaller value and if the UE transmits uplink with lighter duty cycle, the UE could choose a large value within the bounds.
Assume the UE determines a non-zero P-MPR value for CSI-RS#1 but a zero P-MPR value for CSI-RS#2. Thus, the UE could determine a smaller Pcmax for uplink transmission if CSI-RS#1 is chosen as uplink beam. For each particular uplink transmission, the system can determine the uplink beam as follows:
· Case 1: using either UL TCI state with CSI-RS#1 or UL TCI state with CSI-RS#2 does not reach the determined Pcmax. In this case, the system shall choose the CSI-RS resource with best L1-RSRP measurement so that best beam link quality is chosen for uplink transmission. This case can be supported by current spec.
· Case 2: the determined Tx power of using UL TCI state with CSI-RS#1 or UL TCI state with CSI-RS#2 goes beyond the Pcmax. In this case, it is more likely that UL TCI state with CSI-RS#1 reaches the Pcmax because the determined Pcmax for CSI-RS #1 might be smaller due to non-zero P-MPR value. In this case, the system might choose the UL TCI state with CSI-RS #2 by considering the limited Tx power if using TCI state with CSI-RS#1.

[bookmark: _Hlk53586810]Observation 2: The MPE issue happens only when the determined Tx power for one particular uplink transmission reaches the Pcmax.  
In Rel-16, MAC CE-based P-MPR reporting is specified, The UE can report a P-MPR value through the MAC CE along with the PHR reporting. When the P-MPR applied to meet the MPE requirement is more than or equal to a mpe-threshold for one serving cell, the UE can trigger MPE P-MPR reporting for that serving cell. 
Regarding the enhancement on MPE issue in Rel-17, we made the following agreement in RAN1#104bis-e meeting:
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
· Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + Virtual PHR or a modified version 
· The modified version may be associated with each activated UL TCI or, if applicable, joint TCI, or associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured) from candidate pool, if reported.
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· FFS: how to determine the virtual PHR or the modified version.
· Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
· The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
· Opt 2A. {SSBRI(s)/CRI(s) and/or panel indication} + 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
· FFS: When multiple SSBRIs/CRIs and their corresponding metrics are reported in the same reporting instance, whether to allow mixture between the SSBRI(s)/CRI(s)) intended for MPE mitigation and for DL beam reporting 
· FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
· FFS: If Opt2A is selected and there is no consensus on a modified L1-RSRP definition, at least the Rel-15 L1-RSRP definition is reused and virtual PHR may be added
FFS: If gNB acknowledges MPE report from UE for UE-initiated (event-driven) reporting 
FFS: If differential report is supported when multiple UL beams are reported in the same report


Among all the listed alternatives, we prefer the enhancement based on rel-16 MAC CE-based P-MPR reporting. In rel16, the UE reports the P-MPR for the current configuration of uplink transmission. When the system receives P-MPR report, the gNB can determine whether to switch to another uplink transmission beam or keep the current beam. In rel17, a few UL TCI (or joint TCI) are first activated through MAC CE, which provides the candidate UL TCI for DCI indication. The UE can report the P-MPR values for each activated UL TCI. With such information, the gNB can choose the ‘best’ UL TCI for uplink transmission.　   
[bookmark: _Hlk71484967][bookmark: _Hlk78827476]Proposal 21: On rel17 enhancement for MPE issue, support that the UE use MAC CE to report one virtual-PHR value for each activated UL TCI state or joint TCI state 
· This is subject to UE capability.
7. Further Enhancements
As agreed in RAN1#105e, we can focus on studying the following cases:
	Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, focus study (including down-selection) and, if needed, specification effort on the following options:
· Group 1: Aim for at most one solution for Group 1 in Rel-17 to address issue 6
· Opt 1-A. UE-initiated beam selection/activation based on beam measurement and/or reporting (without beam indication or activation from NW)
· Opt 1-B. Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-C. Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Group 2: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-C: One-shot timing update for TCI state update



In this section, we propose two new functions that can reduce the overhead and latency of beam switching and TCI state tracking. For detailed discussions on those proposals, please refer to our companion contribution [2].
The first function is UE-initiated beam switching.  In Rel.15 and Rel.16, the beam switching of PDCCH/PDSCH and PUSCH and PUCCH are always initiated by the gNB. In Rel.17 FeMIMO, the dynamic TCI state update is also initiated by the gNB. The drawback of NW-initiated beam switching is long latency. Even though the UE knows which beam is the best beam for DL transmission and/or uplink transmission by measuring the CSI-RS resources for beam management, the UE still need to wait for the beam switch command, which introduces both extra signaling overhead and latency for beam switch. To resolve that issue, we propose to study and support UE-initiated beam switch. The UE can measure the CSI-RS resources for BM and then select the ‘best’ beam for DL transmission and/or UL transmission and then the UE can indicate the selected ‘best’ beam to the NW and both gNB and UE switch the beam starting from a given time point after that. 
[bookmark: _Hlk71484981]Proposal 22: Study to support Opt 1-A, UE-initiated beam switch in Rel.17. 
The bottleneck for TCI switch is tracking one beam and determining the ‘best’ Rx beam for the indicated TCI. To minimize the latency of applying a newly indicated TCI state, the gNB shall provide assistance to the UE so that the UE is able to track the TCI state immediately after the TCI state is indicated. We can configure the association between a set of CSI-RS resources for beam management and the indicated unified TCI state. The latest indicated TCI is always applied to that set of CSI-RS resources. When a new TCI state is indicated, that set of CSI-RS resources can be triggered along with the TCI state indication so that the UE can refine Rx beam with respect to the latest TCI. 
[bookmark: _Hlk71484989]Proposal 23: Study to support Opt2_A, Support to associate a CSI-RS resource set with repetition = ‘On’ with the common QCL information and common TCI update in unified TCI framework to reduce the latency of beam refinement. 
8. Conclusion
In this contribution, we presented our views on enhancements for multi-beam operation. Based on the discussion, the following proposals and observations are provided:
Proposal 1: The use case of M > 1 and N > 1 is m-DCI based multi-TRP transmission and support M =2 and N = 2 for that.
Proposal 2: Use MAC CE to activate a set of TCI states for each CORESETPoolIndex value and use DCI to indicate TCI state(s) for PDCCH/PDSCH/PUSCH/PUCCH associated with each CORESETPoolIndex value.
Proposal 3: Confirm the WA on PC parameters in the agreement 
· Two separate PC settings are associated with one TCI state for PUSCH and PUCCH. 
Proposal 4: For SRS, the PC parameter {P0, alpha, closed loop index} is configured per SRS resource set and is not associated with TCI state.
Proposal 5: For the PL-RS in unified TCI framework:
· The “beam alignment” is defined that the PL-RS and the RS for UL Tx spatial filter are same or QCLed to the same QCL-TypeD source, otherwise, it is called “beam misalignment”.
· The UE shall expect that the PL-RS and RS for UL Tx spatial filter have “beam alignment”, which shall be achieved by gNB implementation.
· If a joint TCI state or UL TCI state is not configured or associated with PL-RS, the UE shall use the RS for UL Tx spatial filter to measure PL and that RS shall be a DL periodic RS.
Proposal 6: In Rel-17 unified TCI framework, the DL or joint TCI is also applied to:
· The CSI-RS resource for CSI 
· One CSI-RS resource set with repetition = ‘ON’.
Proposal 7: In Rel-17 unified TCI framework, the UL or joint TCI is also applied to one SRS resource set for beam management.
Proposal 8: The TCI states of Rel-17 does not apply to SRS resource that is not part of the unified TCI framework.
Proposal 9: For the DL RS that does not share the Rel-17 indicated TCI states, adopt Alt1, i.e., the Rel-15/16 beam indication mechanisms are reused along with the Rel-17 TCI state.
Proposal 10: Do not support to use SSB and SRS for beam management as QCL-typeD source RS for PDCCH/PDSCH reception.
Proposal 11: Confirm the WA on unified TCI framework in CA with the following changes:
· The reference BWP/CC is the CC with lowest CC index among the configured CCs and the BWP with lowest ID of this CC.
· For a BWP/CC not configured with TCI state pool, the PL-RS for a TCI state is determined:
· If the BWP/CC ID for the PL RS is absent, the UE assumes the PL RS is in the BWP/CC where the TCI state applies.
· If the BWP/CC ID for the PL RS is provided, the UE assumes the PL RS is in the indicated BWP/CC.
· For a BWP/CC not configured with TCI state pool, the UE determines the RS for QCL- TypeA and TypeD as follows:
· If same CSI-RS is configured as QCL-TypeA and TypeD, the UE assumes the source CSI-RS is in the BWP/CC where the TCI state applies no matter if BWP/CC ID is provided or not.
· If different CSI-RSs are configured for QCL-TypeA and TypeD: 
· The UE assumes the source CSI-RS for TypeA is in the BWP/CC where the TCI state applies.
· The UE assumes the source CSI-RS for TypeD is in the BWP/CC where the TCI state is configured if BWP/CC ID is absent or follows the indicated BWP/CC.
· For a BWP/CC not configured with TCI state pool the UE determines the RS for UL Tx spatial filter as follows:
· If the TCI state is joint TCI state, the UE use the determined QCL-TypeD RS source RS.
· If the TCI state is UL TCI state, the UE assumes the RS is in the BWP/CC where the UL TCI state is configured or follows the configured BWP/CC ID. 
Observation 1: In the method of using DCI format 1_1/1_2 with PDSCH assignment for beam indication, the UE reports NACK bit when the DCI format 1_1 or 1_2 is not received correctly by the UE. Thus, the NACK bit to PDSCH scheduled by a DCI format 1_1 or 1_2 with beam indication cannot be used as the acknowledge to the beam indication
Proposal 12: For DCI format 1_1 and 1_2 with PDSCH assignment indicating TCI state, the acknowledgement to the TCI state update is the ACK of the PDSCH.
Proposal 13: Single application time of beam indication is applied
Proposal 14: In rel-17 unified TCI frame, the TCI state applied to each PDCCH/PDSCH/PUCCH/PUSCH is the TCI state mapped to the indicated TCI field codepoint in the slot when the beam indication DCI is sent.
Proposal 15: On inter-cell beam measurement and report:
· The number of non-serving cell for L1-RSRP measurement/reporting is limited to 1 
· Do not support K > 4.
· Do not support L1-RSRP measurement and reporting of CSI-RS for mobility of non-serving cell
Proposal 16: For inter-cell beam indication:
· SSB of a PCID different from that of serving cell can be configured as QCL reference for CSI-RS that is configured as QCL source for UE-dedicated PDCCH/PDSCH.
· Do not support configuring SSB of PCID different from that of serving cell as direct QCL reference
· The number of PCID other than serving cell is limited to 1.

Proposal 17: For inter-cell beam management, we assume TRPs are synchronised and timing advance is maintained sufficiently that a RACH would not be required
Proposal 18: In Rel-17 unified TCI framework, the TCI state indicted for CORESET#0 cannot be one that is associated with non-serving cell SSB.
Proposal 19: For Rel.17 UE-initiated panel selection, no additional specification support in needed for beam measurement and reporting (i.e., Opt1-3).
Proposal 20: Support configuring two SRS set with different number ports for CB-based PUSCH transmission and the UE can indicate to the gNB which one of these two set is used for uplink transmission.
Observation 2: The MPE issue happens only when the determined Tx power for one particular uplink transmission reaches the Pcmax.  
Proposal 21: On rel17 enhancement for MPE issue, support that the UE use MAC CE to report one virtual-PHR value for each activated UL TCI state or joint TCI state 
· This is subject to UE capability.
Proposal 22: Study to support Opt 1-A, UE-initiated beam switch in Rel.17. 
Proposal 23: Study to support Opt2_A, Support to associate a CSI-RS resource set with repetition = ‘On’ with the common QCL information and common TCI update in unified TCI framework to reduce the latency of beam refinement. 
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