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Introduction
[bookmark: _Ref494215420]In this contribution, we discuss and give potential solutions on some of the remaining issues from multi-beam enhancements.

Discussion
Unified TCI framework
During the last meeting, RAN1 has confirmed the working assumption on TCI state pool configuration for CA. The corresponding agreement can be found below,
	Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
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 (i.e. bwp-Id or 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


There’s a square bracket around the word ‘configured’. Based on the sub-bullets, for each one of the CC/BWP in a set, either a TCI state pool or a reference CC/BWP should be configured. Therefore, how to configure a set of CCs/BWPs is already clear and we don’t see a difference between keeping ‘configured’ and removing it. In order to avoid confusion, we slightly prefer to remove the square bracket and keep the word ‘configured’.
Proposal 1: Common TCI state ID update and activation is applicable for a set of configured CCs/BWPs.
There’s one FFS on the definition of reference BWP/CC. In our views, considering that for a CC/BWP that is not configured with a TCI state pool, a reference to the TCI state pool in a reference CC/BWP should always be configured. gNB is free to configure any CC/BWP to be the reference. Therefore, the reference CC/BWP can be the CC/BWP in which the TCI state pool is configured. For simplicity, only one reference CC/BWP is needed for a set of CCs/BWPs.
Proposal 2: The reference CC/BWP is the CC/BWP in which the TCI state pool is configured.
Proposal 3: The number of configured reference BWP/CC for a set of BWPs/CCs is 1.
There’s a remaining issue on the TCI state pool for separate TCI state indication. In our views, the same TCI state pool as defined for DL TCI state indication can be reused for UL. Procedurally speaking, RRC configured TCI state pool can be the same for DL and UL, MAC CE and/or DCI can be used to differentiate whether the indicated TCI state is for UL or DL. 
Proposal 4: For separate TCI indication, support the same TCI state pool for DL TCI and UL TCI. 
RAN1 has agreed that CSI-RS for BM and CSI-RS for tracking can be supported as DL QCL Type-D RS, while the support of SSB, CSI-RS for CSI, and SRS for BM are FFS. 
During the offline discussion before this meeting, companies have discussed whether to support CSI-RS for CSI as source RS type for DL UE-dedicated reception on PDSCH/PDCCH. Our initial thinking was that since we already support CSI-RS for BM and CSI-RS for tracking as QCL Type-D RS, it’s not necessary to additionally introduce CSI-RS for CSI. However, it seems that majority companies are being supportive to this feature. Therefore, we can accept the proposal for progress.
While for SSB and SRS for BM, we will repeat our views from last meeting. In Rel-15, SSB is not configured as QCL Type-D RS for PDCCH/PDSCH. Based on our understanding, one reason is that SSB has small bandwidth and wide beam width, the measured beam quality may not be accurate. If SSB is configured as QCL Type-D RS for PDCCH/PDSCH, the decoding performance will be degraded. Besides, since TRS can be configured as QCL Type-A RS for PDCCH/PDSCH, if gNB wants to transmit SSB and PDCCH/PDSCH using the same Tx beam, it’s straightforward to configure the same TRS as QCL Type-D RS for PDCCH/PDSCH and SSB as QCL Type-D RS for the TRS.
Proposal 5: On unified TCI framework, do not support SSB being source RS type for DL common beam indication.
If UL beam management is configured, it’s straightforward to support SRS resource for BM being QCL Type-D RS for DL channels/RSs to reduce DL beam management overhead and latency. 
Proposal 6: On unified TCI framework, support SRS for BM being source RS type for DL common beam indication.

L1/L2-centric inter-cell beam management
During the last meeting, the following agreements have been achieved on measurement and reporting of non-serving cell RS,
	Agreement
On Rel.17 beam indication enhancements for inter-cell management, 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) apply to:
· Both joint TCI and separate DL/UL TCI
· FFS: For separate DL/UL TCI, whether the indicated DL TCI and UL TCI are associated with SSBs of a same physical cell ID
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
Agreement
On Rel.17 enhancements for inter-cell beam management, 
· To be finalized in RAN1#106bis-e): UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell


There’s a FFS on whether to restrict that the indicated DL TCI and UL TCI are associated with SSBs of a same physical cell ID. Based on the conclusion from RAN#92 meeting, a UE can transmit to or receive from only a single cell. Our understanding is that if UE supports the capability of more than one physical cell IDs associated with the activated TCI states, UE can transmit to one cell and receive from another cell naturally. Besides, supporting this feature will enable some potential deployments such as multiple RPs with different PCIs covered by a macro cell.
Proposal 7: For separate DL/UL TCI, the indicated DL TCI and UL TCI can be associated with SSBs of different physical cell IDs.
Regarding the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting, gNB should be able to determine which non-serving cell the UE can communicate with, e.g. based on L3 mobility reporting. Therefore, the maximum number of configured non-serving cells N should be limited, and N=1 should be enough. 
Proposal 8: For the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting, Support Alt2, i.e. NMAX=1.
Regarding the issue on UE timing assumption on reception of signals from different TRPs, RAN1 has discussed for several times, and there’s no consensus on whether to allow timing difference >1 CP so far. In our views, since we haven’t design any features to support the scenario, and considering that there’s only a few meetings left for Rel-17, we prefer not to support it in Rel-17.
Proposal 9: The UE timing assumption on reception of signals from different TRPs are within one CP.

Dynamic TCI state update signaling medium
There are three alternatives on the determination of application time.
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, in RAN1#106bis-e, further down select one from the following alternatives for the case of CA:
· Alt1: The first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication
· Alt2: 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
· Alt3: The first slot and the Y symbols are both determined on the UL carrier carrying the acknowledgment.


In our views, any of these alternatives can work. We prefer to choose a simple solution which can make the spec clear and is easy to implement. In order to minimize the beam indication latency, Y should be dependent with the carrier(s) applying the beam indication, but not the UL carrier carrying the acknowledgment. Therefore, Alt1 is our preference.
Proposal 10: Regarding application time of the beam indication, support Alt1, i.e. the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication.
Based on the agreements, RAN1 has agreed to support DCI format 1_1/1_2 without DL assignment for common beam indication. Also, during the last meeting, the differentiation of UL/DL TCI state is achieved by MAC CE signaling design.
	Agreement
For beam indication with Rel-17 unified TCI, support DCI format 1_1/1_2 without DL assignment:
· Use ACK/NACK mechanism analogous to that for SPS PDSCH release with both type-1 and type-2 HARQ-ACK codebook:
· Upon a successful reception of the beam indication DCI, the UE reports an ACK 
· Note that upon a failed reception of the beam indication DCI, a NACK can be reported.
· For type-1 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined based on a virtual PDSCH indicated by the TDRA field in the beam indication DCI, based on the time domain allocation list configured for PDSCH
· For type-2 HARQ-ACK codebook, a location for the ACK information in the HARQ-ACK codebook is determined according to the same rule for SPS release 
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
· When used for beam indication:
· CS-RNTI is used to scramble the CRC for the DCI 
· The values of the following DCI fields are set as follows:
· RV = all ‘1’s
· MCS = all ‘1’s
· NDI = 0
· Set to all ‘0’s for FDRA Type 0, or all ‘1’s for FDRA Type 1, or all ‘0’s for dynamicSwitch (same as in Table 10.2-4 of TS38.213) 
· FFS: Whether HPN is also used     
· Use the existing TCI field (always present) to signal the following: 1) Joint DL/UL TCI state, 2) DL-only TCI state (for separate DL/UL TCI), 3) UL-only TCI state (for separate DL/UL TCI) 
· FFS: Whether both DL TCI and UL TCI states can be signaled in one instance of beam indication DCI
· FFS: Relation with joint vs separate TCI (DL and/or UL) switching, including M/N>1 if supported
· In addition, use the following DCI fields as the fields are being used in Rel-16:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· TDRA
· Downlink assignment index (if configured)
· TPC command for scheduled PUCCH
· PUCCH resource indicator 
· PDSCH-to-HARQ_feedback timing indicator (if present)   
· The remaining unused DCI fields and codepoints are reserved in R17
· Support UE to report whether or not to support TCI update by DCI format 1_1/1_2. 
· For a UE supporting TCI update by DCI format 1_1/1_2, it must support TCI update by using DCI 1_1/1_2 with DL assignment, and support of the above feature for TCI update by DCI format 1_1/1_2 without DL assignment is UE optional
· FFS: How to handle the case when there is only UL data
· FFS: The case for UE being indicated with separate UL TCI in DCI format 1_1/1_2 with DL assignment
· FFS: When more than one TCI codepoints are activated by MAC CE, the activated TCI state(s) for the lowest codepoint is/are applied 
· Support of this feature is UE optional
· The “lowest codepoint” function can be configured on or off.
· FFS: Interaction with the DCI based beam update if needed, whether/how to support the case with M or N > 1 if supported
· Note: This agreement on DCI beam indication design is not to be used to be against the support of the cases of M/N>1. The support of M/N>1 will be separately discussed and not dependent on the decision here. 
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


There’s an FFS on the HPN field. Based on our understanding, at least for M/N=1, the currently agreed DCI field design can already support the intended functionality. Similar as for R15 SPS release, HPN field can be fixed as all ‘0’s, and further extension can be discussed later.
Proposal 11: At least for M/N=1, HPN field is fixed as all ‘0’s.

MP-UE assumption to facilitate fast UL panel selection
During the last meeting, the following agreement for UL panel selection/activation was achieved.
	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 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


There are common parts between scheme 1 and scheme 2. The first one is that UE should report the maximum number of SRS antenna ports and/or coherence type for each panel as a UE capability. The second one is that UE will include an index for each SSBRI/CRI in a beam report. On the other hand, the main difference is that the index in scheme 1 is newly defined while in scheme 2 rank index is used. In our views, introducing a new index is a more clear solution. Scheme 2 cannot support the case when multiple panels are equipped with the same number of antenna ports, while scheme 1 doesn’t have the problem. In addition, further enhancement such as simultaneous transmission across multiple panels can be easily extended based on scheme 1. Therefore, scheme 1 is our 1st preference.
Proposal 12: Regarding UE -initiated panel activation and selection, support scheme 1.

MPE mitigation
During the last meeting, MAC CE based P-MPR report has been supported.
	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 our understanding, when MPE issue happens on at least one panel, UE will trigger a P-MPR reporting with N P-MPR values, where N represents the number of panels that are experiencing MPE issue. Together with the P-MPR values, UE will recommend M candidate beams, where each of the beam corresponds to one panel that doesn’t have MPE issue. Therefore, M should be the total number of selected SSBRI(s)/CRI(s) for all panels, and M <= (#panels - N).
Proposal 13: N represents the number of panels that are experiencing MPE issue.
Proposal 14: M is the total number of selected SSBRI(s)/CRI(s) for all panels, and M <= (#panels - N).

Conclusion
In this contribution, we gave our views on the potential issues on multi-beam enhancements. The following observations and proposals are achieved:
Proposal 1: Common TCI state ID update and activation is applicable for a set of configured CCs/BWPs.
Proposal 2: The reference CC/BWP is the CC/BWP in which the TCI state pool is configured.
Proposal 3: The number of configured reference BWP/CC for a set of BWPs/CCs is 1.
Proposal 4: For separate TCI indication, support the same TCI state pool for DL TCI and UL TCI. 
Proposal 5: On unified TCI framework, do not support SSB being source RS type for DL common beam indication.
Proposal 6: On unified TCI framework, support SRS for BM being source RS type for DL common beam indication.
Proposal 7: For separate DL/UL TCI, the indicated DL TCI and UL TCI can be associated with SSBs of different physical cell IDs.
Proposal 8: For the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting, Support Alt2, i.e. NMAX=1.
Proposal 9: The UE timing assumption on reception of signals from different TRPs are within one CP.
Proposal 10: Regarding application time of the beam indication, support Alt1, i.e. the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication.
Proposal 11: At least for M/N=1, HPN field is fixed as all ‘0’s.
Proposal 12: Regarding UE -initiated panel activation and selection, support scheme 1.
Proposal 13: N represents the number of panels that are experiencing MPE issue.
Proposal 14: M is the total number of selected SSBRI(s)/CRI(s) for all panels, and M <= (#panels - N).

