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


Based on the agreement, the largest number of configured TCI states for separate DL/UL TCI should be decided in RAN1#106bis-e. However, the task has not been finished. One of the arguments is that a TCI state may not be classified as for DL or UL before MAC CE activation. Therefore, it’s not feasible to count the number of configured TCI states for DL and UL separately. In our views, at least in specification perspective, it’s not desirable to downgrade the support of the number of TCI states for DL and the number of spatialRelationInfo RS for UL. In order to solve the issue raised above, if a TCI state can be activated for DL as well as for UL, it can be regarded as a DL TCI state when counting the number of DL TCI states and a UL TCI state when counting the number of UL TCI states, separately. Therefore, we have the following proposal.
Proposal 1: The largest number of configured TCI states for DL TCI state update is 128 per BWP per CC, and the largest number of configured TCI states for UL TCI state update is 64 per BWP per CC.
	Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For DL channels/signals that do not share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), all the QCL rules defined in section 5.1.5 in 38.214 are supported
· [bookmark: _Hlk84321626]Note: For CSI-RS used to provide QCL indication for non-UE dedicated channels, the CSI-RS should only be QCLed with SSB of the same PCID as that from the serving cell
· For DL channels/signals that share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), the following options on source RSs and QCL-Types are supported
· Option 1: TRS is configured for QCL-TypeA source RS and CSI-RS for BM is configured for QCL-TypeD source RS
· Option 2: TRS is configured for QCL-TypeA and QCL-TypeD source RS
· Note: For inter-cell beam management, SSB with PCID different from that from the serving cell can be used as a QCL Type-C/D source RS for CSI-RS for BM and/or TRS 
· Further discuss and decide in RAN1#106bis-e whether CSI-RS for CSI can be used as a source RS or not, and if so whether some restriction(s) are needed


During the last meeting, there’s another leftover issue within the above agreement. 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. And also mentioned by FL, in order to avoid the so-called “circular” issue, NW will not configure the same CSI-RS for CSI both as source and target RSs. Therefore, we can accept the proposal for progress.
Proposal 2: CSI-RS for CSI can be configured for QCL-TypeA and QCL-TypeD source RS.
Regarding the association between the setting of (P0, alpha, closed loop index) and TCI state, RAN1 has achieved the following agreement.
	Agreement
On Rel.17 unified TCI framework, for the case when the settings of (P0, alpha, closed loop index) for PUSCH, PUCCH, and/or SRS are associated with UL or (if applicable) joint TCI states per BWP, for each of the PUSCH, PUCCH, and/or SRS, one individual setting is optionally associated with each of the UL or (if applicable) joint TCI states in a BWP via RRC 
· FFS : MAC-CE based update for the closed loop index associated with UL or (if applicable) joint TCI  state
· Above is applicable for eMBB
· FFS : Details on power control setting for URLLC


Regarding the FFS, in our understanding, MAC CE based association between TCI state and PC parameters may provide the flexibility to change the association for each channel/RS during each TCI state activation procedure. However, we do not see the need/advantage to do so. RRC based association should be enough.
Proposal 3: MAC CE based update for the closed loop index associated with UL or (if applicable) joint TCI state is not supported.

L1/L2-centric inter-cell beam management
During the last meeting, the following agreements regarding the L1-RSRP reporting for inter-cell beam management and inter-cell mTRP have been achieved,
	Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, in RAN1#107-e, select one of the following alternatives:
· Alt1. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance, i.e. for K>1, (K-1) 4-bit differential L1-RSRP(s) calculated relative to the reference (absolute) 7-bit L1-RSRP
· Alt2. Differential L1-RSRP per PCI is used: When more than one L1-RSRP(s) associated with a same PCI are reported, Rel-15 L1-RSRP reporting format is used for L1-RSRP(s) associated with the same PCI , i.e. 4-bit differential L1-RSRP (s) calculated relative to the PCI -specific reference (absolute) 7-bit L1-RSRP  


Comparing between Alt1 and Alt2, Alt1 has clear benefit of smaller reporting overhead. Regarding the potential issue when the TX power of SSBs with different PCIs are different, it’s gNB’s responsibility to handle it since the whole configuration is under controlled by gNB. For example, if a reported beam has good quality, but the Tx power is very high, gNB may not enable inter-cell beam management or inter-cell mTRP with the TRP corresponding to the reported beam.
Proposal 4: Support Alt1, i.e. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance.
There is another issue on paging when UE is configured with inter-cell beam management but only supports a single active TCI state. If UE is receiving DL signal from non-serving cell, whether/how to receive paging channels should be clarified. Three alternatives were listed as below,
· Alt0. The UE is not required to monitor paging and short message associated with the newly indicated TCI state associated with a PCI different from the serving cell
· Alt1. The UE is to monitor paging and short message in USS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell
· Alt2. The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell
In our views, we prefer to have the possibility for UE to monitor paging in order to avoid the latency caused by beam switching. Comparing with Alt2, Alt1 has large spec impact. Therefore, we support Alt 1. If Alt 1 is not agreeable, Alt 0 will be the default solution.
Proposal 5: For paging reception with one active TCI state, support Alt 2: The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell.

Dynamic TCI state update signaling medium
Based on the following 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 6: 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, RAN1 has discussed on how to report the UE panel information and how to associate the reported beams with panels. However, there are still many details that cannot reach consensus. Based on the latest form of FL proposal, there are still several next level FFSs which may not be easy to be solved such as the details of UE capability values. Also, how to update the correspondence and the corresponding UE behaviour should be discussed and decided as well. Besides, it seems that this feature will only support UEs with multiple panels with different capability values. In our perspective, it will restrict the usefulness of this feature.
Considering that RAN1 has only one meeting left, we suggest to postpone this feature to the next release.
Proposal 7: Fast UL panel selection is not supported in Rel-17.

MPE mitigation
Void.

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: The largest number of configured TCI states for DL TCI state update is 128 per BWP per CC, and the largest number of configured TCI states for UL TCI state update is 64 per BWP per CC.
Proposal 2: CSI-RS for CSI can be configured for QCL-TypeA and QCL-TypeD source RS.
Proposal 3: MAC CE based update for the closed loop index associated with UL or (if applicable) joint TCI state is not supported.
Proposal 4: Support Alt1, i.e. Rel-15 L1-RSRP reporting format is reused for all L1-RSRP(s) in one L1-RSRP reporting instance.
Proposal 5: For paging reception with one active TCI state, support Alt 2: The UE is to monitor paging and short message in Type2 PDCCH CSS configured for paging and short message with the newly indicated TCI state associated with a PCI different from the serving cell.
Proposal 6: At least for M/N=1, HPN field is fixed as all ‘0’s.
Proposal 7: Fast UL panel selection is not supported in Rel-17.

