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Introduction
In RAN1 #106b meeting, the following agreements and conclusion on beam management enhancement have been achieved.
	Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For the number of codepoints in the TCI field for DCI-based beam indication (hence the number of codepoints activated via MAC-CE-based TCI state activation), the largest value is 8
· Further discuss and finalize in RAN1#106bis-e: the largest number of configured TCI states (including joint TCI state(s), DL-only TCI state(s), and/or UL-only TCI state(s))

Agreement
On Rel.17 unified TCI framework, for Rel-17 unified TCI:
· For DL channels/signals that do not share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH (via Rel-17 MAC-CE/DCI TCI state update), all the QCL rules defined in section 5.1.5 in 38.214 are supported
· [bookmark: _Hlk84321626]Note: For CSI-RS used to provide QCL indication for non-UE dedicated channels, the CSI-RS should only be QCLed with SSB of the same PCID as that from the serving cell
· [bookmark: _Hlk84321692]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

[bookmark: _Hlk84321752]Agreement
On Rel.17 unified TCI framework, remove the brackets and clarify as indicated in red from the following previous agreement:
	On Rel-17 unified TCI framework, support common TCI state ID update and activation to provide common QCL information and/or common UL TX spatial filter(s) across a set of configured CCs:
· …
· Just as Rel.16, the source RS in the Rel-17 TCI state that provides QCL-TypeA [or QCL-TypeB] shall be in the same CC as the target channel or RS
· …



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

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

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

Conclusion
On Rel-17 beam indication enhancements for inter-cell beam management, for separate DL/UL TCI, there is no consensus in restricting the indicated DL TCI and UL TCI to be associated with SSBs of a same physical cell ID.
· Whether a corresponding UE feature can be introduced can be discussed in UE feature agenda

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

Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, the L1-RSRP reporting reuses Rel-15 L1-RSRP table

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support N=1, 2, 3, and 4
· N is defined as the number of reported measurements
· UE reports supported largest N value as a UE capability

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

Conclusion
[bookmark: _Hlk84843602]On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in RAN1 on UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell

Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, 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. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
	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) 
· Support M=1
· FFS: The supported value(s) of M 
· 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



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

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

Agreement
On Rel.17 enhancements to facilitate MPE mitigation, the candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2) 

Conclusion
On Rel.17 unified TCI framework, there is no consensus in supporting the following DL source RS type:
· SSB as QCL Type-D source RS, with TRS as QCL Type-A source RS
· SRS for BM as QCL Type-D source RS, optionally with TRS as QCL Type-A source RS
  
Conclusion
Discussion on advanced beam refinement/tracking (“issue 6”) is suspended for the remaining of Rel-17 NR_FeMIMO multi-beam enhancement (due to lack of time).

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 

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

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





In this contribution, we provide some discussion on remining issues on beam management enhancement.
Issue 1: Unified TCI framework
For unified TCI indication framework, there are the following open issues:
· Remaining details for the downlink TCI state: source signal, target signal and QCL types
· Remaining details for the uplink TCI state: source signal, target signal and power control parameters
Downlink TCI state
In Rel-15, the QCL rule is defined as shown in Figure 1.
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Figure 1: QCL rule defined in Rel-15
Since aperiodic CSI-RS for CSI and aperiodic CSI-RS for BM can share the indicated unified TCI with PDCCH/PDSCH (Such type of TCI is called as common unified TCI (C-TCI) in this contribution), according to the rule in Rel-15, only the following possible configuration for source reference signal in C-TCI can be supported:
· TRS is configured as source RS for QCL-TypeA, and CSI-RS for BM is configured as source RS for QCL-TypeD
· TRS is configured as source RS for QCL-TypeA + QCL-TypeD
Other type of reference signal should not be considered as the source reference signal for C-TCI.
Proposal 1: With regard to the source reference signal for Common unified TCI (C-TCI), only the following configuration is supported in Rel-17
· TRS is configured as source RS for QCL-TypeA, and CSI-RS for BM is configured as source RS for QCL-TypeD
· TRS is configured as source RS for QCL-TypeA + QCL-TypeD

In addition, since the C-TCI can be applied for CORESET #0, the source reference signal should be QCLed with an SSB so that UE can identify the monitoring occasion for SS#0.
Proposal 2: For intra-cell BM, the source reference signal for C-TCI should be QCLed with one SSB in order to identify the monitoring occasion for SS#0 when PCell is the target serving cell.

With regard to the target reference signal for C-TCI, the aperiodic TRS can also be considered, since there is no fundamental difference between aperiodic TRS and other type of aperiodic CSI-RS. In addition, periodic CSI-RS without QCL indication can also share the C-TCI. Thus, gNB can configure the periodic CSI-RS in a UE-dedicated manner when the load is small, so that it does not need to transmit/configure periodic CSI-RS shared with multiple UEs.
Proposal 3: With regard to the target reference signal for Common unified TCI (C-TCI), the following should be supported in addition to aperiodic CSI-RS for CSI/BM and PDCCH/PDSCH:
· Aperiodic TRS
· Periodic CSI-RS without QCL configuration

Uplink TCI state
In RAN1 #106b, the following agreements on power control parameter configuration are agreed. There are still some remining issues on the details for power control parameter configuration.
	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





The first issue is the closed-loop index update. Currently all the PUSCH/PUCCH should share the indicated unified TCI. Thus, only a single closed-loop index can be enabled. Different closed-loop power control processes can be used for different purposed, e.g. different traffics. Thus when unified TCI is enabled, it is better that a different closed-loop index can be indicated. One simple way is to use legacy DCI field to indicate a different closed-loop power control process.
The second issue is how to support a different power control setting for URLLC. Since URLLC has different performance requirement compared to eMBB, different open loop power control settings should be considered. Thus it should be supported to configure 2 power control settings for a TCI state, where legacy DCI field, i.e. open-loop power control parameter set indication, can be introduced to select one of the power control settings. 
Proposal 4: With regard to different performance requirement for URLLC and eMBB, support one unified UL/joint TCI state to be associated with 2 sets of power control parameters, i.e. P0, alpha and closed-loop process index, and support to select the power control parameter set by legacy DCI field, i.e. open-loop power control parameter set indication.
Rel-17 and Rel-16 beam management framework
Rel-17 and Rel-16 beam management framework has similar functionality from beam indication point of view. The difference is that Rel-17 beam indication could be with a lower overhead. But to enable both Rel-16 and Rel-17 beam indication framework would increase UE memory quite a lot, since UE may need to be configured with different types of TCI as well as spatial relation info. Thus, it is not reasonable to support both Rel-17 and Rel-16 beam management framework.
Proposal 5: UE shall not expect gNB to configure Rel-15/Rel-16 TCI/SpatialRelationInfo when any of CC is configured with Rel-17 TCI state.
Issue 2: L1/L2 Centric Inter-Cell Mobility
L1-RSRP Measurement 
To measure L1-RSRP for overlapped SSBs, current Z3 and Z3’ should not be enough. The UE complexity may be as 8 times as Rel-15 L1-RSRP measurement in the worst case – the SSBs from 8 cells (1 serving cell + 7 non-serving cells) are fully overlapped. So additional delay for the Z3 and Z3’ should be considered. One possible way could be Z3+d and Z3’+d, where d indicates the number of overlapped symbols.
Proposal 6: With regard to minimal delay for L1-RSRP measurement from overlapped SSBs, additional delay should be introduced with Z=Z3+d and Z’=Z3’+d, where d indicates the number of symbols for the overlapped SSBs
L1-RSRP quantization
In RAN1 #106b, the following agreement on L1-RSRP quantization is agreed.
	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 




Since current inter-cell BM can only work in HetNet mode, where UE still needs to communicate with serving cell for common signal reception, it is not necessary to consider any L1-RSRP quantization enhancement.
Proposal 7: For L1-RSRP quantization, no further enhancement is needed.
Event based beam report
The event-based report is widely used for normal handover procedure. For L1/L2 centric mobility, such event-based operation can still be used to facilitate the mobility management, where UE can report some beam information based on MAC CE. For example, when the RSRP from the neighbor cell beam is above the RSRP from current active beam plus an offset, UE can trigger such MAC CE report. Further, UE can also report such MAC CE when some uplink resources for PUSCH are available. Compared to L1 beam report, this can provide good flexibility for UE to report the beam quality. 
Proposal 8: Support MAC CE based beam reporting to facilitate L1/L2 centric inter-cell mobility, which can be triggered by a particular event.
· The event could be the L1-RSRP measured from a neighbor cell SSB is above best L1-RSRP measured for current serving cell SSBs plus an offset
TA measurement
Although there is no consensus to support multiple TA values, to maintain the TA after UE is communicating with non-serving cell for a long time, the PDCCH ordered non-serving cell PRACH should be supported.
Proposal 9: Support PDCCH ordered non-serving cell PRACH for TA measurement with regard to the case that UE is communicating with non-serving cell for a long time and current TA is not accurate enough.
Backoff Mechanism
Currently the TCI update can be based on DCI or MAC CE, where an ACK/NACK can be reported. However, compared to traditional handover, the possibility of miss detection ratio for L1 ACK/NACK could be much higher. Thus, it is necessary to consider backoff mechanisms with regard to ACK/NACK miss detection. There can be the following cases:
· Case 1: ACK is detected as NACK/DTX. In this case, UE may start to communicate with the target cell, while network still tries to communicate with UE from the source cell
· Case 2: NACK/DTX is detected as ACK. In this case, UE may still maintain the communication with the source cell, while network starts to communicate with UE from the target cell.
Some backoff mechanisms needs to be studied with regard to the 2 cases above. 
Proposal 10: Study backoff mechanism with regard to incorrect detection of ACK/NACK for the following cases:
· Case 1: ACK is detected as NACK/DTX. In this case, UE may start to communicate with the target cell, while network still tries to communicate with UE from the source cell
· Case 2: NACK/DTX is detected as ACK. In this case, UE may still maintain the communication with the source cell, while network starts to communicate with UE from the target cell.
Definition of non-UE dedicated signal for inter-cell BM
In RAN1 #106b, the following alternatives were identified for paging reception for inter-cell BM.
· Alt0. UE is not required to monitor paging associated with the newly activated TCI state
· Alt1. UE to monitor paging in USS associated with the newly activated TCI state 
· Alt2. UE to monitor paging in CSS configured for paging with the newly activated TCI state 
Current inter-cell BM works for cells with good coordination. There should be no implementation problem to send the paging from any cell. From UE point of view, there is no difference for the paging reception from non-serving cell compared to that from serving cell. For connected mode UE, paging is often transmitted based on a UE-dedicated manner. Thus Alt0 should be precluded. Then for Alt1 and Alt2, we noticed that Alt1 cannot fix the issue for UE with single active TCI capability, since Type2 CSS may still be configured. Moreover, currently all the PDCCH priority rule prioritizes CSS over USS, so to simply support P-RNTI in USS may have some performance issue. Therefore, a simple solution is to use Alt2. Moreover, UE dedicated signal can be transmitted by Type3 CSS. Thus Type3 CSS should not be considered as a kind of non-UE dedicated signal. Therefore, only PDCCH/PDSCH associated with Type0/0A/1 CSS can be considered as a non-UE dedicated signals.
Proposal 11: For inter-cell BM, the non-UE dedicated signal should include PDCCH/PDSCH associated with Type0/0A/1 CSS.
Single active TCI capable UE
In RAN1 #106, the following is agreed on TCI indication for single active TCI capable UE.
	Agreement
On Rel.17 unified TCI framework, for intra-cell beam indication, 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: 
· DMRS(s) associated with non-UE-dedicated reception on CORESET(s) and the associated PDSCH 
· FFS (to be concluded in RAN1#106bis-e): Non-UE-dedicated PUCCH and non-UE-dedicated PUSCH
On Rel.17 beam indication enhancements for inter-cell beam 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) applies to:
· The channels and signals as for intra-cell beam management except for non-UE dedicated channels/signals 
· For the aforementioned applicable channels and signals, SSB associated with a physical cell ID different from that of the serving cell is used as an indirect QCL reference for DL TCI (in case of separate DL/UL TCI) or joint TCI, or an indirect/direct QCL reference for UL TCI (in case of separate DL/UL TCI)
· 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. Here, Rel-15/16 QCL rule is reused by replacing SSB with SSB associated with a physical cell ID different from that of the serving cell
· For inter-cell beam management, the support of more than one Rel-17 active DL TCI state / QCL per band is a UE capability
· If UE does not support such capability, MAC-CE based beam indication (activation of one TCI state) can be used to switch between two different DL receptions along two different beams
· Note: The serving cell does not change when beam selection is done
· Note: This does not preclude the possibility for TA update on non-serving cell 
· FFS: For a UE supporting Rel.17 beam indication feature for inter-cell beam management, up to 5 CORESETs can be configured per BWP




For single active TCI capable UE, only MAC CE based beam indication is needed. From beam indication perspective, the highlight part is correct. However, since common signal and dedicated signal can be based on different TCI indication. When inter-cell BM is enabled, the potential violation of UE capability can still happen at a certain period when gNB needs to send dedicated signal from neighbor cell as shown in Figure 2. Thus MAC CE based beam switching cannot fix this issue, and some additional UE behavior needs to be defined.
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Figure 2: Potential issue for single-TCI capable UE for inter-cell BM
There can be 3 options to fix this issue:
· Option 1: The signals associated with USS and Type 2/3 CSS share the same indicated TCI.
· Option 2: UE does not need to monitor non-UE dedicated signals when a different TCI is indicated for dedicated signals.
· Option 3: Inter-cell BM is only supported for SCell

Proposal 12: To fix the potential issue for UE with single active TCI state capability, one of the following options should be supported:
· Option 1: The signals associated with USS and Type 2/3 CSS share the same indicated TCI.
· Option 2: UE does not need to monitor non-UE dedicated signals when a different TCI is indicated for dedicated signals.
· Option 3: Inter-cell BM is only supported for SCell

Issue 3: TCI update signaling
ACK for DCI
Currently UE reports HARQ-ACK for the PDSCH triggered by DCI format 1_1/1_2. But when UE reports NACK, gNB cannot identify whether this NACK is because UE failed to decode PDSCH or PDCCH. Thus some ACK mechanisms for the TCI update DCI need to be introduced. 
Usually, all the UE action regarding the DCI can be considered as ACK for the DCI. If the DCI triggered aperiodic SRS transmission and UE transmits the SRS, gNB can assume the DCI is received regardless of whether UE reports an ACK or NACK. In addition, for the downlink slots corresponding to an HARQ codebook, it is not necessary to trigger multiple TCI update signaling. So, one additional bit can be added in the HARQ codebook to indicate whether UE receives an TCI update signaling for the corresponding downlink slots as shown in Figure 3.
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[image: ]
Figure 3: ACK mechanism for TCI update based on Type1 HARQ codebook, where the 5th bit indicates whether UE receives a TCI update or not
Proposal 13: UE shall expect gNB updates TCI at most once in downlink slots corresponding to a HARQ codebook.
· Introduce one additional bit in HARQ codebook to indicate whether UE receives a TCI update in the corresponding downlink slots
· If the DCI to update TCI triggers aperiodic SRS, the additional bit is not reported, where whether UE transmits SRS can be used to determine the HARQ-ACK for the DCI

BFR based on unified TCI framework
The unified TCI has been agreed to be applied at least for all CCs within a band. However current BFR framework is still per CC basis. Such CC specific BFD and BFR would waste UE power quite a lot. Based on the principle of unified TCI state that a common beam should be applied for all CCs within a band, it is better to support band specific BFR compared to legacy CC specific BFR. 
Proposal 14: Support band specific BFR based on unified TCI framework with regard to the principle of unified TCI framework that a common beam should be applied for all CCs within a band.
In addition, currently, the beam for PDCCH can be automatically updated based on the newly identified beam after UE receives BFR response. Since unified TCI is applied for PDCCH as well as other channels, it is reasonable that all other channels that share the same TCI should be updated based on the newly identified beam after UE receives BFR response.
Proposal 15: Support to update the beam for channels/signals that share the same unified TCI as PDCCH to be based on the newly identified beam after UE receives BFR response.
Moreover, currently DCI can be used to change the beam for CORESET. In Rel-15, beam change from any higher layer signaling would require BFD RS counter resetting. Then the BFD counter should be reset when the DCI with TCI update is detected.
Proposal 16: Support to reset BFD counter after DCI with TCI update is detected.
Extension of TCI update for a band group
It was agreed that the TCI update should be applied for all CCs within a band. However, some bands may share the same antennas, and such bands should be based on a common beam as well. As the bands related aspects should be based on different implementation schemes, and it should depend on some RF related designs, it is better to send an LS to RAN4 about the definition of band group.
Proposal 17: Consider to extend the TCI update for a band(s) group
· The definition of band(s) group can be up to RAN4 and send an LS to RAN4 
QCL assumption during CBRA 
For connected mode UE, after transmitting PRACH for CBRA procedure, UE can start to monitor the CORESETs associated with ra-SearchSpace based on the beam associated with PRACH. UE can monitor the Msg4 based on the beam associated with PRACH after it transmits Msg3. After decoding Msg4, UE can reset the beam to be based on the beam indicated by TCI. But there is no decoding latency reserved, so it may be possible that beam mismatch could happen within a time window after Msg3 and after Msg4. Further such behavior is not fully aligned with the principle for unified TCI state, where a common beam is applied for control and data channel in a band. Figure 4 illustrates legacy QCL assumption during CBRA. 
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Figure 4: Legacy QCL assumption during CBRA procedure
Since the beam for CORESET #0 can be shared with other CORESETs, and CORESET #0 beam can be updated by CBRA, it is better that the other CORESETs can also share the same beam for the SSB associated with PRACH.
Proposal 18: Support to reset the beam for all PDCCH/PDSCH to be based on the SSB associated with PRACH after UE sends a PRACH.
TCI codepoint
Currently DCI format 1_1/1_2 can be used for beam indication for multiple CCs. However, such DCI can also be used for data scheduling. Thus, UE can still receive a lot of DCI format 1_1/1_2 in different CCs, and many of such DCIs are not used for TCI indication. But the TCI field is still present. To avoid ambiguity, one possible way is to indicate the TCI based on current TCI states for DCI format 1_1/1_2 not used for beam indication. However, this may lead to some problems on TCI indication when the activated TCI states in MAC CE becomes invalid (e.g. after BFR procedure) or updated. Thus, one possible way is to reserve one TCI codepoint to indicate no TCI update. 
Proposal 19: Support one TCI codepoint to indicate “no TCI update” with regard to the case that DCI format 1_1/1_2 is not used for beam indication.
Issue 4: Fast UL Panel Selection
In RAN1 #106, the following agreement on UE initiated panel selection was reached.
	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 codebook-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




The principle for Scheme 1 and Scheme 2 is quite similar. In Scheme 2, an “index” is used to take instead of “panel entity” in Scheme 1. There seems to be less open issues for Scheme 1 compared to Scheme 2. Thus Scheme 1 can be a starting point, but the “panel entity” should be replaced by a more logical term, e.g. “transmission process”.
In addition, for scheme 1, the beam reporting instance should also include the BFRQ, since UE would change the beam after BFR procedure, and it shall also change the corresponding panel.
Moreover, after panel switching, UE cannot transmit the SRS resource set that is not aligned with the number of antenna ports for the corresponding panel. Thus, UE can skip the transmission of such SRS.
Proposal 20: For panel selection, support scheme 1.
· The beam reporting instance should also include BFRQ
· The “panel entity” should be replaced by a more logical term, e.g. “transmission process”
· UE can skip the transmission of SRS that is not aligned with the maximum number of ports for the corresponding panel entity
Issue 5: MPE Mitigation
In RAN1 #106b, the following agreement on MPE mitigation is achieved.
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, confirm the following working assumption (in the midst of the previous agreement) as an agreement with the following refinement (highlighted in red):
	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) 
· Support M=1
· FFS: The supported value(s) of M 
· 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



Agreement
On Rel.17 enhancements to facilitate MPE mitigation, the candidate resource pool corresponds to a CSI-RS/SSB resource set configured via RRC (details up to RAN2) 




There are two remaining issues: one is the triggering condition for the MAC CE; the other is the maximum number of RSs configured in the RRC pool. For the first issue, the legacy triggering condition cannot be directly reused, as legacy assumption is based on a UE-specific P-MPR. The legacy triggering condition is defined as follows:
	-	if mpe-Reporting-FR2 is configured, and mpe-ProhibitTimer is not running:
-	the measured P-MPR applied to meet FR2 MPE requirements as specified in TS 38.101-2 [15] is equal to or larger than mpe-Threshold for at least one activated FR2 Serving Cell since the last transmission of a PHR in this MAC entity; or
-	the measured P-MPR applied to meet FR2 MPE requirements as specified in TS 38.101-2 [15] has changed more than phr-Tx-PowerFactorChange dB for at least one activated FR2 Serving Cell since the last transmission of a PHR due to the measured P-MPR applied to meet MPE requirements being equal to or larger than mpe-Threshold in this MAC entity.



One simple way is to modify legacy triggering condition to be based on current indicated TCI state for PUCCH/PUSCH. Then if there is any problem for this beam, UE can trigger the MPE MAC CE report.
For the second issue on maximum number of RSs configured in a RRC pool. It would not be possible for UE to measure the P-MPR for too many UE beams and it is possible that the configured RSs are associated with different UE beams. Thus, the maximum number of RSs configured for P-MPR report should be limited to be 4 with corresponding UE capability.
Proposal 21: The beam-specific P-MPR should be triggered when the P-MPR for indicated UL/joint TCI met legacy condition defined in 38.321, i.e. P-MPR for the indicated TCI is above mpe-Threshold or P-MPR change for this TCI is above phr-Tx-PowerFactorChange.
Proposal 22: The maximum number of RSs configured for P-MPR report should be 4 and corresponding UE capability should be introduced.
Conclusion
In this contribution, we discussed some remaining issues on beam management enhancement. Based on the discussion, the following proposals have been achieved.
Issue 1
Proposal 1: With regard to the source reference signal for Common unified TCI (C-TCI), only the following configuration is supported in Rel-17
· TRS is configured as source RS for QCL-TypeA, and CSI-RS for BM is configured as source RS for QCL-TypeD
· TRS is configured as source RS for QCL-TypeA + QCL-TypeD
Proposal 2: For intra-cell BM, the source reference signal for C-TCI should be QCLed with one SSB in order to identify the monitoring occasion for SS#0 when PCell is the target serving cell.
Proposal 3: With regard to the target reference signal for Common unified TCI (C-TCI), the following should be supported in addition to aperiodic CSI-RS for CSI/BM and PDCCH/PDSCH:
· Aperiodic TRS
· Periodic CSI-RS without QCL configuration
Proposal 4: With regard to different performance requirement for URLLC and eMBB, support one unified UL/joint TCI state to be associated with 2 sets of power control parameters, i.e. P0, alpha and closed-loop process index, and support to select the power control parameter set by legacy DCI field, i.e. open-loop power control parameter set indication.
Proposal 5: UE shall not expect gNB to configure Rel-15/Rel-16 TCI/SpatialRelationInfo when any of CC is configured with Rel-17 TCI state.

Issue 2
Proposal 6: With regard to minimal delay for L1-RSRP measurement from overlapped SSBs, additional delay should be introduced with Z=Z3+d and Z’=Z3’+d, where d indicates the number of symbols for the overlapped SSBs
Proposal 7: For L1-RSRP quantization, no further enhancement is needed.
Proposal 8: Support MAC CE based beam reporting to facilitate L1/L2 centric inter-cell mobility, which can be triggered by a particular event.
· The event could be the L1-RSRP measured from a neighbor cell SSB is above best L1-RSRP measured for current serving cell SSBs plus an offset
Proposal 9: Support PDCCH ordered non-serving cell PRACH for TA measurement with regard to the case that UE is communicating with non-serving cell for a long time and current TA is not accurate enough.
Proposal 10: Study backoff mechanism with regard to incorrect detection of ACK/NACK with the following cases:
· Case 1: ACK is detected as NACK/DTX. In this case, UE may start to communicate with the target cell, while network still tries to communicate with UE from the source cell
· Case 2: NACK/DTX is detected as ACK. In this case, UE may still maintain the communication with the source cell, while network starts to communicate with UE from the target cell.
Proposal 11: For inter-cell BM, the non-UE dedicated signal should include PDCCH/PDSCH associated with Type0/0A/1 CSS.
Proposal 12: To fix the potential issue for UE with single active TCI state capability, one of the following options should be supported:
· Option 1: The signals associated with USS and Type 2/3 CSS share the same indicated TCI.
· Option 2: UE does not need to monitor non-UE dedicated signals when a different TCI is indicated for dedicated signals.
· Option 3: Inter-cell BM is only supported for SCell

Issue 3
Proposal 13: UE shall expect gNB updates TCI at most once in downlink slots corresponding to a HARQ codebook.
· Introduce one additional bit in HARQ codebook to indicate whether UE receives a TCI update in the corresponding downlink slots
· If the DCI to update TCI triggers aperiodic SRS, the additional bit is not reported, where whether UE transmits SRS can be used to determine the HARQ-ACK for the DCI
Proposal 14: Support band specific BFR based on unified TCI framework with regard to the principle of unified TCI framework that a common beam should be applied for all CCs within a band.
Proposal 15: Support to update the beam for channels/signals that share the same unified TCI as PDCCH to be based on the newly identified beam after UE receives BFR response.
Proposal 16: Support to reset BFD counter after DCI with TCI update is detected.
Proposal 17: Consider to extend the TCI update for a band(s) group
· The definition of band(s) group can be up to RAN4 and send an LS to RAN4 
Proposal 18: Support to reset the beam for all PDCCH/PDSCH to be based on the SSB associated with PRACH after UE sends a PRACH.
Proposal 19: Support one TCI codepoint to indicate “no TCI update” with regard to the case that DCI format 1_1/1_2 is not used for beam indication.

Issue 4
Proposal 20: For panel selection, support scheme 1.
· The beam reporting instance should also include BFRQ
· The “panel entity” should be replaced by a more logical term, e.g. “transmission process”
· UE can skip the transmission of SRS that is not aligned with the maximum number of ports for the corresponding panel entity

Issue 5
Proposal 21: The beam-specific P-MPR should be triggered when the P-MPR for indicated UL/joint TCI met legacy condition defined in 38.321, i.e. P-MPR for the indicated TCI is above mpe-Threshold or P-MPR change for this TCI is above phr-Tx-PowerFactorChange.
Proposal 22: The maximum number of RSs configured for P-MPR report should be 4 and corresponding UE capability should be introduced.
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