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Introduction 
In this contribution, we will share our views on the following issues that were identified for multi-beam operation:
· Issue 1: Unified TCI framework
· Issue 2: Inter-cell mobility enhancement
· Issue 3: Signaling medium for unified TCI update/activation
· Issue 4: Fast UL panel selection 
· Issue 5: MPE mitigation
· Issue 6: Advanced beam refinement/tracking
Discussion
Issue 1: Unified TCI framework
Based on current agreements for unified TCI framework [1]-[3], there are several remaining issues listed as follows. In this section, we’d like to share our views on these issues.
1. QCL-TypeD source RS
2. Target RS applying joint/separate TCI 
3. Target RS not applying joint/separate TCI
4. Maximum value of M/N for DL/UL and MTRP operation
5. QCL-TypeD source RS in CA operation 
6. TCI state pool sharing in CA operation
7. TCI state pool for UL TCI (of separate DL/UL TCI)
8. Pathloss measurement for Rel-17 unified TCI framework
9. UL PC parameters for Rel-17 unified TCI framework

QCL-TypeD source RS 
The following agreement was reached in RAN1#104 [3] on QCL-TypeD source RS for Rel-17 unified TCI framework:
	Agreement from RAN1#104
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types


In RAN1#105 [5], the following agreement was made:
	Agreement from RAN1#105
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)


According to the two agreements, since the supported source/target QCL relations in Rel-15/16 is supported for QCL-TypeD, and any type of CSI-RS can be configured as a target RS of a Rel-17 DL TCI state, we see Rel-15/16 QLC QCL rule is directly supported for Rel-17 DL TCI at least for CSI-RS reception.   
Observation 1: Rel-15/16 QLC rule is directly supported for Rel-17 DL TCI at least for CSI-RS reception

However, according to the agreement made in RAN1#104 [3], only the following RSs can be supported as QCL-TypeD source RS for UE-dedicated reception on PDSCH and all/subset of CORESETs:
· CSI-RS for BM
· CSI-RS for tracking
And whether to support the following RS as QCL-TypeD source RS is still FFS:
· SSB
· CSI-RS for CSI
· SRS for BM 
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Figure 1. DL QCL rule for QCL-TypeD in Rel-17 unified TCI framework based on current agreements

Regarding SSB, in Rel-15/16, UE usually determines QCL-TypeD information from an SSB since it is usually used as a root RS in the QCL chain for PDCCH/PDSCH reception (e.g., SSB  TRS  PDCCH/PDSCH). Thus, we don't see any critical issue to use an SSB as a QCL-TypeD source RS. The only issue is the QCL-TypeA source RS in a DL TCI state, e.g., TRS, is not QCLed with the SSB configured as QCL-TypeD source RS in the DL TCI state. It means UE may be required to use a different beam tracking result from another SSB to measure the TRS. Such misalignment may cause unnecessary complexity for UE to maintain the QCL chain, and the QCL-TypeA result may not be valid. Therefore, if SSB is supported as a QCL-TypeD source RS for PDCCH/PDSCH reception, the QCL-TypeA source RS used should be also QCLed with the same SSB. On the support of SSB as QCL-TypeD source RS, one of the potential use case is CA operation, where SSB in a reference CC can be used as QCL-TypeD source RS for other CCs at least of these CCs are in the same band.
Proposal 1: Support SSB as QCL-TypeD source RS in a Rel-17 DL TCI state indicated for UE-dedicated reception on PDSCH and all/subset of CORESETs
· QCL-TypeA source RS in the Rel-17 DL TCI state is should be QCLed with the same SSB

Regarding CSI-RS for CSI and SRS for BM, we don't see clear motivation to use them to provide QCL-TypeD information for UE-dedicated reception on PDSCH and all/subset of CORESETs.
Proposal 2: Not support CSI-RS for CSI and SRS for BM as QCL-TypeD source RS in a Rel-17 DL TCI state indicated for UE-dedicated reception on PDSCH and all/subset of CORESETs

Target RS applying joint/separate TCI
In RAN1#102 [1], the following RSs were agreed as the target RSs of the joint/separate TCI indicated by NW:
· UE-dedicated reception on PDSCH and all/subset CORESETs
· Dynamic-grant/configured-grant based PUSCH and all dedicated PUCCH resources 
· Optionally, SRS for CSI (including CB, NCB, antenna switching)
For additional target RS of joint/separate TCI, the following agreement was made in RAN1#105 [5]:
	Agreement from RAN1#105
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 Rel-17 unified TCI framework, NW indicates joint/separate TCI through DCI (or MAC-CE) to provide QCL information for target RS in the end of a QCL chain, e.g., control and data channel. Similar to control and data channel, CSI-RS for CSI can be treated target RS in the end of a QCL chain as well. Thus, it is natural to apply joint/separate TCI to CSI-RS for CSI. During the discussion in previous meeting, some companies mentioned that this can be achieved by Rel-15/16 AP CSI-RS without spec support. For example, NW can trigger the AP CSI-RS resource(s) with scheduling offset smaller than the UE reported threshold beamSwitchTiming, then UE would apply the QCL information indicated by joint/separate TCI for all CORESETs if no other DL RS is configured on the symbol(s) of the AP CSI-RS resource(s).
Observation 2: CSI-RS for CSI can apply the joint/separate TCI by NW implementation without additional spec support

On CSI-RS for BM and tracking, they are usually used as source RS for determining DL QCL information for PDCCH and PDSCH reception. Therefore, they should be source RS rather than target RS of joint/separate TCI. Furthermore, for TRS, in Rel-15/16, the DL QCL information is semi-statically provided, which means UE doesn't have to dynamically change UE beam when performs tracking on TRS. However, if joint/separate TCI applying to TRS is allowed, it would be challenging from UE implementation perspective since joint/separate TCI can be updated by DCI signaling.
Proposal 3: Not support any type of CSI-RS to apply the joint/separate TCI

On SRS for BM, similar to CSI-RS for BM and tracking, it should be configured as source RS of joint/separate TCI for determining spatial Tx filter, instead of target RS of joint/separate TCI. 	
Proposal 4: Not support SRS for RS of BM to apply the joint/separate TCI

Before discussion on whether non-UE-dedicated reception on all/subset of CORESETs can apply the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all/subset of CORESETs, we should like to clarify the definition of UE-dedicated reception on PDSCH and for UE-dedicated reception on all/subset of CORESETs. To our understanding, whether a PDCCH reception is UE-dedicated or not should be determined based on the type of search space set, i.e., CSS or USS set. According to current agreement, only the PDCCH reception associated with USS set can apply the joint/separate TCI.  
Observation 3: According to current agreements on Rel-17 unified TCI framework, only the PDCCH reception associated with USS set can apply the joint/separate TCI.

However, in Rel-15/16, expect Type1-PDCCH CSS set, UE determines QCL assumption for PDCCH reception according to the associated CORESET instead of the associated search space set. In RRC connected-mode, if a CORESET is indicated with a TCI state, UE would still apply the indicated TCI state for a PDCCH reception whether the PDCCH reception associated to a USS set or a CSS set (Type0/0A/2/3-PDCCH CSS set). In this sense, if the applicability of joint/separate TCI is restricted only to UE-dedicated PDCCH reception, this would introduce a new behavior compared with Rel-15/16 where the QCL assumption for a PDCCH reception is determined according to the associated CORESET, which may cause additional implementation complexity and specification impact (e.g., a new priority rule is needed if PDCCH occasions overlap).  Furthermore, NW needs to send separate indications to update the TCI sates for UE-dedicated and non-UE-dedicated PDCCH receptions on the same CORESET if the CORESET is associated with both CSS set and USS set, as shown in Figure 2.
Observation 4: According to current agreements on Rel-17 unified TCI framework, the QCL assumption for a PDCCH reception is determined according to the associated search space set instead of the associated CORESET, which may cause additional implementation complexity and specification impact.
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Figure 2. Example if joint/separate TCI is only applicable to UE-dedicated PDCCH reception

In order to align with the same concept of QCL determination as in Rel-15/16, where the QCL assumption is determined according to the associated CORESET, we should not restrict the applicability of joint/separate TCI only to UE-dedicated PDCCH reception. One simple solution is to allow the PDCCH reception associated with a CSS set can also apply the joint/separate TCI, if the CSS set associates with the same CORESET used for UE-dedicated PDCCH reception, as the example shown in Figure 3. If none of USS set associates with the CORESET, the QCL assumption is still provided by Rel-15/16 TCI state update signaling/configuration mechanism(s).
Proposal 5: UE applies the joint/separate TCI to any CORESET associated with at least one USS set
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Figure 3. Example if joint/separate TCI is applicable to non-UE-dedicated PDCCH reception associated with a CCS set if the CSS set and at least one USS set associate with the same CORESET

On Rel-17 unified TCI framework, for a PDSCH reception scheduled by a DCI detected from the PDCCH reception associated with a USS set, it is definitely a UE-dedicated reception. However, if a PDSCH reception is scheduled by a DCI detected from the PDCCH associated with a CSS set, it may still a UE-dedicated PDSCH reception, e.g., a Type3-PDCCH CSS set still can transmit a DCI with CRC scrambled by, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI (only for the PCell). However, we don't see the need to introduce such complicated behaviour. In fact, for a PDSCH reception in Rel-15/16, the baseline behavior is follows the Rx beam used for the PDCCH reception that schedules the PDSCH. Rel-17 unified TCI framework can follow the same behavior for PDSCH reception, which means whether a PDSCH reception applies the joint/separate TCI or not would depend on whether the corresponding PDCCH applies the joint/separate TCI. 
Proposal 6: UE applies the joint/separate TCI to any PDSCH reception that is scheduled by a PDCCH reception on a CORESET associated with at least one USS set 

Target RS not applying joint/separate TCI
In RAN1#105 [5], the following agreement was made for RS not applying joint/separate TCI:
	Agreement from RAN1#105
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).


For DL RS(s) that does not apply the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and all or subset of CORESETs, reusing Rel-15/16 TCI state update signaling/configuration mechanism(s) for the DL RS(s) should be sufficient, and we don't the need to introduce a new TCI state update signaling/configuration mechanism(s) for them.
Proposal 7: Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state for DL RS that does not apply the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and all or subset of CORESETs
	
Maximum value of M/N for DL/UL and MTRP operation
The following agreement was reached in RAN1#105 [5]:
	Agreement from RAN1#105
On Rel-17 unified TCI, in RAN1#106-e, for M>1 and/or N>1:
· Identify and agree on use cases 
· Decide whether to support M>1 and/or N>1, and if so, the maximum value of M and/or N
· If supported, identify feasible candidate schemes for beam indication signaling mechanism (including TCI state activation)
Note:
· Previous agreement in RAN1#104b-e that remaining unused DCI fields and codepoints are reserved in R17 are not to be reverted.
· The use case of simultaneous UL transmission from multiple UE panels are not to be considered in Rel-17 as it is out of scope


In our view, the original intention of introducing Rel-17 unified TCI is facilitating single serving beam operation for UE-dedicated DL reception and UL transmission at least in single-TRP scenario. If NW requires the flexibility to　use multiple serving beams for the same UE, Rel-15/16 DL TCI/spatial relation framework can be configured to the UE. For single-TRP operation, we don't see the need to indicate more than one TCI states to provide common QCL information for DL or to determine common spatial Tx filter for UL at a time.
Proposal 8: For single-TRP operation, Rel-17 unified TCI framework only supports M = 1 and N = 1 in a CC or a set of configured CCs.

For Rel-16 single-DCI MTPR DL operation, one TCI field codepoint can indicate a pair of TCI states for DL TCI update by MAC-CE activation command. For Rel-17 unified TCI framework, the same mechanism can be reused for mapping to two TCI states to one TCI field codepoint for single-DCI MTPR DL operation. Meanwhile, single-DCI MTRP operation is also introduced for PUCCH and PUSCH transmissions in Rel-17, and one TCI field codepoint can also indicate a pair of TCI states for single-DCI MTPR UL operation. Note that Rel-17 unified TCI framework can configure either joint DL/UL TCI or separate DL/UL TCI mode by RRC, and single-DCI MTRP operation can be configured for DL, UL, or both (depending on UE capability), but not all possible combinations should be supported in specification. At least if single-DCI MTRP operation is configured only for either DL or UL (i.e., M  N), according to the following conclusion made in RAN1#104 [3], separate DL/UL TCI mode shall be configured instead of joint DL/UL TCI mode.
	Conclusion from RAN1#104:
For M>1 and/or N>1:
· Joint DL/UL TCI:  A TCI refers to at least a common source reference RS used for determining both the DL QCL information and the UL TX spatial filter. In this case, M=N.  



Proposal 9: If single-DCI MTRP operation is configured only for either DL or UL, separate DL/UL TCI mode shall be configured.
Proposal 10: On Rel-17 unified TCI for single-DCI MTRP operation in a CC or a set of configured CCs:
· If joint DL/UL TCI mode is configured and single-DCI MTRP operation is configured for both DL and UL, one TCI field codepoint can indicate one or two TCI states for joint DL/UL TCI update
· If separate DL/UL TCI mode is configured and single-DCI MTRP operation is configured for DL, one TCI field codepoint can indicate up to two TCI states for DL TCI update
· If separate DL/UL TCI mode is configured and single-DCI MTRP operation is configured for UL, one TCI field codepoint can indicate up to two TCI states for UL TCI update

For Rel-16 multi-DCI MTRP DL operation, since specification already support per-CORESET TCI state update, no enhancement to DL TCI framework is needed. For Rel-17 unified TCI framework, UE-dedicated receptions on PDSCH and all/subset of CORESETs would follow a same TCI state indicated by DCI or MAC-CE.  For multi-DCI MTRP DL operation, UE-dedicated receptions on PDSCH/PDCCH would be associated either one of the CORESET pools, thus pool-specific TCI activation and indication would be needed, as shown in Figure 4. If UE detects a DL DCI from PDCCH reception associated with a CORESET pool (index), the DL DCI can indicate one TCI state to provide common QCL information for UE-dedicated PDCCH/PDSCH reception associated with the CORESET pool (index). For TCI activation, MAC-CE can activates the TCI state(s) for UE-dedicated PDCCH/PDSCH reception associated with a certain CORESET pool (index).
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	Figure 4. Example of multi-DCI MTRP DL operation in Rel-17 unified TCI framework

Proposal 11: For multi-DCI MTRP operation, if UE detects a DL DCI (with or without DL assignment) from PDCCH reception associated with a CORESET pool (index), the DL DCI can indicate one TCI state to provide common QCL information for UE-dedicated PDCCH/PDSCH reception associated with the CORESET pool (index) in a CC or a set of configured CCs.
Proposal 12: MAC-CE can activate TCI state(s) for UE-dedicated PDCCH/PDSCH reception associated with a certain CORESET pool (index) in a CC or a set of configured CCs.  
· MAC-CE indicates the activated TCI state(s) should apply to which CORESET pool (index)
· The total number of activated TCI states for UE-dedicated PDCCH/PDSCH receptions associated with both CORESET pools (indexes) is a UE-capability

Since Rel-17 only supports single-DCI MTRP operation, if multi-DCI MTRP operation is configured for DL, separate DL/UL TCI mode shall be configured.

Proposal 13: For multi-DCI MTRP operation, separate DL/UL TCI mode shall be configured 


QCL-TypeD source RS in CA operation
In RAN1#105 [5], the working assumption was made for QCL-TypeD source RS in CA operation:
	Agreement from RAN1#105
On Rel.17 unified TCI framework, 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
· The source RS determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for a target CC can be configured in the target CC or other CC
· For intra-band CA, the following configurations can be supported without additional QCL rules: 
· One source RS across CCs can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs 
· One source RS per CC can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, and the CC-specific source RSs are further associated with a same QCL-TypeD RS 
· “A set of configured CCs/BWPs” includes all the BWPs in the set of configured CCs 


For the indicated/activated TCI state(s) across a set of configured CCs, as agreed in RAN1#103 [2], one single RS is determined as the QCL-TypeD source RS for the set of configured CCs, which means cross-CC QCL reference is necessary for configuring QCL-TypeD source RS in CA scenario. In RAN1#105 [5], it was agreed that two configurations of QCL-TypeD source RS are supported for intra-band CA operation without additional QCL rules:
· Configuration 1: One source RS across CCs can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs 
· Configuration 2: One source RS per CC can be determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, and the CC-specific source RSs are further associated with a same QCL-TypeD RS 
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Figure 5. Supported QCL-TypeD configurations for Rel-17 common beam operation across a set of CCs/BWPs

For Configuration 1, according to Rel-15/16 QCL rule, only CSI-RS for BM can be configured as the one single source RS across CCs. For Configuration 2, the per-CC QCL-TypeD source RSs could be CSI-RS for BM or tracking. If CSI-RS for tracking is configured as the per-CC QCL-TypeD source RS in Configuration 2, all of the per-CC QCL-TypeD source RSs are usually further associated with the same SSB, and UE would determine one UE beam according to this SSB. However, if CSI-RS for BM is configured as the per-CC QCL-TypeD source RS in Configuration 2, even all of the per-CC QCL-TypeD source RSs are further associated with the same SSB, UE may determine different UE beams from these source RSs according to, e.g., separate P3 procedures in these CCs. In order to align with the agreement made in RAN1#103 [2], the per-CC QCL-TypeD source RS in Configuration 2 should be restricted to CSI-RS for tracking. 
Proposal 14: On Rel.17 unified TCI framework, for common TCI state ID update and activation to provide common QCL information across a set of configured CCs/BWPs, if one source RS per CC is determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, the CC-specific source RSs should be CSI-RS for tracking. 

TCI state pool sharing in CA operation
In RAN1#105 [5], the following working assumption was made for TCI state pool sharing in CA operation:
	Working Assumption from RAN1#105
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


According to the WA, two possible configurations would be supported for common beam operation across a set of configured CCs/BWPs:
· Configuration 1 (the first sub-bullet of the WA): Per-BWP TCI state pool(s) is configured in each of the configured CCs as in Rel-15/16
· Configuration 2 (the second sub-bullet of the WA):  One single TCI state pool configured in a reference CC and shared by all configured BWPs/CCs
For Configuration 2, one TCI state pool is configured in a reference BWP of a CC, where the CC should be one of the configured CCs for common beam operation. Except the reference BWP, TCI state pool is absent in each BWP of the configured CCs, and replaced by the TCI state pool in the reference BWP. As the example shown in Figure 6, BWP#0 of CC#0 is configured as the reference BWP with a TCI state pool. For other BWPs, including BWP#1 and BWP#2 in CC#0, the TCI state pools are absent and replaced by the TCI state pool in BWP#0 of CC#0.
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Figure 6. Illustration of TCI pool sharing for CA operation
However, some points in this WA need to be clarified:
1. The brackets in “[configured]” in the main bullet should be removed since this TCI stare pool sharing should be considered when common beam operation is configured for the set for CCs.  
2. The definition of “BWP/CC” in this WA is not clear. In order to avoid misunderstanding, we suggest some wording changes to replace “BWP/CC” in the WA.
3. Regarding the last FFS “how to define reference BWP/CC”, we think this should be clearly clarified in the second sub-bullet of the WA before we agree this WA. According to our understanding above, the reference BWP is the only one BWP in one of the configured CCs that is provided with a TCI state pool if other BWPs in the configured CCs are not configured with TCI state pools.
4. We don't see a reference has to be explicitly provided in the PDSCH configuration for a BWP configured w/o a TCI state pool. If a TCI state pool is absent in a BWP of one of the configured CCs, UE can directly apply the TCI state pool configured in the reference BWP. It should be straightforward to determine the reference BWP from all BWPs in the set of configured CCs since only one of them is provided with the TCI state pool.
5. In RAN1#105 [5], it was agreed that 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). Thus, a source RS with QCL-TypeB or QCL-TypeC is still possible to be configured for a target RS like CSI-RS. Thus, we don't have to restrict the available QCL-Types in the third bullet.   
6. For a CSI-RS resource, its exact location in frequency domain is determined from CSI-FrequencyOccupation IE of corresponding CSI-RS resource configuration and a BWP-ID. Even the starting RB and the number of RBs in CSI-FrequencyOccupation IE are provided in CRB level instead of PRB level, the exact location may still depend on the BWP indicated by the BWP-ID. As shown the example shown in Figure 7, if NW indicates the measurement on CSI-RS resource #1 in BWP#2, UE will determine the exact CSI-RS resource that need to be measured, which has to be confined within BWP#2. The same CSI-RS resource measures in different BWPs may cause different results. Thus, when a CSI-RS resource is configured as a source RS, the BWP-ID should be provided to make sure UE can use a correct measurement result. For a source RS without BWP-ID in a QCL-Info, a predefine rule need to be specified clearly, as the third sub-bullet in the WA.m4w.
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Figure 7. Illustration of CSI-RS resource determination


Proposal 15: On Rel.17 unified TCI framework, support the WA for CA operation with the following changes:

	Working Assumption
On Rel.17 unified TCI framework, for 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 in the set of configured CCs 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
· Except the reference BWP in one of the configured CCs, RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC in the set of configured CCs, and replaced with a reference to RRC-configured TCI state pool(s) in athe 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 in one of the configured CCs where RRC-configured TCI state pool(s) is not present in the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in athe reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC or CC ID (cell) for QCL-Type A/D a source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D the source RS is located in the BWP/CC or 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




TCI state pool for UL TCI (of separate DL/UL TCI)
The following options to achieve separate DL/UL TCI update were identified in RAN1#102 [1]: 
· Alt1. Utilize the joint TCI to include references for both DL and UL beams
· Alt2. Utilize two separate TCI states, one for DL and one for UL. The TCI state for the DL is the same as agreed in 1a. The TCI state for the UL can be newly introduced.
· Alt 2-1: The UL TCI state is taken from the same pool of TCI states as the DL TCI state
· Alt 2-2: The UL TCI state is taken from another pool of TCI states than the DL TCI state
Later, in RAN1#103 [2], it was agreed that two separate TCI states (Alt2), one for DL and one for UL, are utilized for separate DL/UL TCI update. Thus, according to the agreements in RAN1#102 [1] and RAN1#103 [2], a DL TCI state would be the same as a joint DL/UL TCI state, where the DL TCI state is taken from the same TCI state pool for joint DL/UL TCI update. The remaining issue is whether Alt2-1 or Alt2-2 is adopted for UL TCI state. 
In RAN1#104 [3], a FL proposal was provided for this pending issue:
	FL Proposal 1.2: On Rel.17 unified TCI framework, in case of separate DL/UL TCI, decide between the following two alternatives for UL TCI state pool design upon the conclusion of source RS type support for DL QCL reference and UL TX spatial reference:
· Alt1. UL TCI shares the same TCI state pool as joint DL/UL TCI
· Alt2. 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.



On Alt1, since DL TCI is taken the same TCI pool for joint DL/UL TCI update, UL TCI state will be taken the same pool as well, which means one single TCI state pool can be used to support joint or separate DL/UL TCI update already. Compared with Alt1, Alt2 requires one additional TCI state pool dedicated for UL TCI. In a primary FR2 operation where beam correspondence generally holds, both Rx beam for DL reception and Tx beam for UL transmission can be determined according to DL measurements on a same set of DL RSs. Thus, a separate TCI state pool UL is redundant. Moreover, if the TCI state pool can be used for joint DL/UL TCI update, we don't see why the same pool cannot be used for separate TCI update for UL. 
Proposal 16: On Rel-17 unified TCI framework, in case of separate DL/UL TCI, support UL TCI shares the same TCI state pool as joint DL/UL TCI.
· Note: By previous agreements, DL TCI shares the same TCI state pool for joint DL/UL TCI


Pathloss measurement for Rel-17 unified TCI framework
In RAN1#105 [5], the following agreement was made for pathloss measurement for Rel-17 unified TCI framework:
	Agreement from RAN1#105
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


For the detailed aspects of PL-RS, we see any type of periodic RSs including SSB and CSI-RS is valid to be configured as PL-RS, as in Rel-15/16 without restriction on the RS types.
Proposal 17: As in Rel-15/16, SSB and any type of periodic CSI-RS can be configured as PL-RS

Regarding the “beam misalignment or not”, there are two possible cases:
· PL-RS is not provided with a QCL-TypeD source RS: For this case, UE determines the DL beam for measurement on the PL-RS directly based on the PL-RS. To make sure the beam alignment between the DL beam for pathloss measurement and the UL beam for UL transmission, the DL source RS of the TCI sate for determining UL beam should be the same as the PL-RS. For example, if the PL-RS is an SSB, and the SSB shall be configured as the DL source RS for determining UL beam.
· PL-RS is provided with a QCL-TypeD source RS: For this case, UE determines the DL beam for measurement on the PL-RS directly based on the QCL-TypeD source RS of the PL-RS. To make sure the beam alignment between the DL beam for pathloss measurement and the UL beam for UL transmission, the DL source RS of the TCI sate for determining UL beam should be the same as the QCL-TypeD source RS. For example, if the PL-RS is a CSI-RS for CSI-RS provided with a CSI-RS for BM as a QCL-TypeD source RS, the CSI-RS for BM shall be configured as the DL source RS for determining UL beam.
For the two above cases, if a UE doesn't support the capability of “beam misalignment”, the configuration of PL-RS and the DL source should be restricted accordingly.
Proposal 18: For a UE doesn't support beam misalignment between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS associated with or included in in the UL or (if applicable) joint TCI state:
· If the PL-RS is not provided with a QCL-TypeD source RS, the UE expects the DL source RS and the PL-RS shall be the same
· If the PL-RS is provided with a QCL-TypeD source RS, the UE expects the DL source RS and the QCL-TypeD source RS shall be the same

UL PC parameters for Rel-17 unified TCI framework
In RAN1#105 [5], the following agreement was made for UL PC parameters except for PL-RS, i.e., P0, alpha, and closed loop index, for Rel-17 unified TCI framework:
	Agreement from RAN1#105
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


Regarding the WA, we see the association between the activated TCI state and the PC setting for each of the PUSCH and PUCCH is straightforward. However, the signaling design for the PC setting and the PL-RS may need to be harmonized. Since the signaling design to include/associate PL-RS in/with a TCI state is left to RAN2 decision, we suggest to leave the signaling design to associate PC setting with a TCI state to RAN2 decision as well.

Proposal 19: On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, support the WA with the following additional item:
· Signaling to associate the setting for each of the PUSCH and PUCCH with a TCI state is up to RAN2

Since the components of PC settings of PUCCH (including P0 and CL index) and PUSCH (including P0, alpha, and CL index) are not the same, and corresponding values of the common components may not be the same, it is more reasonable to configure channel dependent settings for each of the PUCCH and PUSCH, respectively.
Proposal 20:  Two sets of PC settings for PUCCH and PUSCH are configured respectively:
· The set for PUCCH PC settings, each setting includes P0 and CL index
· The set for PUSCH PC settings, each setting includes P0, alpha, and CL index











Issue 2: Inter-cell beam management
In the last meeting, RAN1 reached the following agreements and WA for inter-cell beam management [3]-[5]:
	Agreement from RAN#104
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· A quality of up to K beams associated at least with non-serving cell(s) can be reported in a single CSI reporting instance 
· For each beam, the UE can report at least: (1) a Measured RS Indicator, and (2) a Beam Metric associated with the Measured RS Indicator
· FFS: Maximum value of K 
· FFS: If K is fixed, configured, reported by UE capability, or dynamically selected  
· FFS: The type of beam metric (e.g. L1-RSRP, L3-RSRP, or hybrid L1/L3-RSRP) and related measurement behavior 
· FFS: Whether or not beam reporting associated with non-serving cell(s) can be mixed with that with serving-cell in one reporting instance
At the end of RAN1#104-e, send an LS to RAN2 with all the RAN1-related inter-cell mobility agreements done so far during Rel17. LS is endorsed in R1- 2102209.
Agreement from RAN#104
On Rel.17 multi beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP:
· Rel.15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s)
· Support SSB as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP, and Rel.15 SS-RSRP calculated from SSB of non-serving cell(s)
· FFS: Whether the measurement for SS-RSRP is limited within SMTC
· FFS: Detailed reporting method, e.g. via including existing L1-RSRP report, UE-initiated report etc.
· FFS: Whether or not to support CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP. If the support of CSI-RS (for e.g. mobility and/or tracking) of non-serving cell(s) as a measurement RS for L1/L2-centric inter-cell mobility and inter-cell mTRP is confirmed, Rel.15 CSI-RSRP is also supported  
· Whether the support applies to CSI-RS with or without QCL source, or both
· FFS: The number of non-serving cell(s) for measurement/reporting 
· FFS: time behavior of the reporting, i.e. periodic, semi-persistent, aperiodic, or UE-initiated
· FFS: If other reporting quantities are supported, e.g. L3-RSRP, hybrid L1/L3-RSRP
· FFS: Dynamic activation/deactivation/selection of the beam measurement on the RS(s) associated with non-serving cell(s) via MAC CE
· FFS: Timing assumption (e.g. time of arrival and time of the measurement) for measurement of non-serving cell RS measurement
Agreement from RAN#104b
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· On the value of K (defined in RAN1#104-e as the number of beam qualities associated at least with non-serving cell(s) can be reported in a single CSI reporting instance), 
· For the supported maximum value(s) of K, down-select at least one from the following candidates {4, 8, 16}
· FFS: whether the maximum value of K is a UE capability
· Periodic, semi-persistent, and aperiodic reporting (and the respective measurements) are supported.
· Note: Semi-persistent and aperiodic reporting (and their respective measurements) are NW-initiated
Agreement from RAN#104b
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, 
· In one reporting instance, depending on NW configuration, beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell 
· FFS: whether this applies to periodic, semi-persistent, and/or aperiodic
· FFS: How to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
· Note: The supported numbers of non-serving cells (in terms of measurement/reporting) have not yet been decided. The above description doesn’t imply only one non-serving cell is allowed to be configured for measurement. Nor does this imply that only one non-serving cell is allowed in one reporting instance.
Agreement from RAN#104b
On Rel.17 multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, for L1-RSRP measurement and at least aperiodic reporting, investigate and, if needed, specify MAC CE based dynamic activation/deactivation of a subset of higher-layer-configured measurement for non-serving cell SSBs

Agreement from RAN#105
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 from RAN#105
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

Working Assumption from RAN#105
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


The revised WID [6] after RAN#92 of multi-beam operation in Rel-17 FeMIMO:
	Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
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
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
…

· Specify higher layer support of enhancements listed above, at least including [RAN2]
· For inter-cell beam management: MAC (if any) and RRC enhancements (including signaling, measurement configuration and TCI state switching) assuming no impact to serving cell (i.e. serving cell does not change when beam selection is done)
· Specify signaling between CU and DU to enable inter-cell beam management if any [RAN3]
· Specify core requirements associated with the items specified by RAN1, at least including [RAN4]
· UE requirements for inter-cell beam management



In this section, we’d like to share our views on the remaining issues of inter-cell beam management.
Inter-cell beam measurement and reporting 
According to previous agreements for inter-cell beam measurement and reporting, several remaining issues are identified as follows:
1. Whether to support another measurement RS other than SSB
In our view, non-serving cell SSBs should be sufficient for discovering gNB beams of non-serving cell(s). If NW would like to further determine the narrower gNB beams of the non-serving cell(s), CSI-RS for BM for serving cell can be associated with the non-serving cell SSB to perform such beam refinement. Regarding CSI-RS for mobility, since UE usually performs L3 measurement with wide Rx beamforming or without Rx beamforming, we concerns whether the L1-RSRP result corresponding to CSI-RS for mobility can be used for gNB beam selection. Regarding CSI-RS for tracking, in Rel15/16, no reporting is allowed for the measurement on CSI-RS for tracking, and we also don't see the gain to introduce L1-RSRP measurement/ reporting on CSI-RS for tracking. 
Proposal 21: Only NSC SSB is supported as the measurement RS for Rel-17 inter-cell BM

2. Whether to support another beam metric other than L1-RSRP, e.g. L3-RSRP, hybrid L1/L3-RSRP
The measurement/reporting on NSC RS(s) is intended for TCI state update (beam indication) using source RS configured for NSC(s) for DL reception and UL transmission. This is because according to RAN4 requirements (TS 38.133), there should be at least one L1-RSRP measurement reporting for a target TCI state within a period before UE performs DL reception with a TCI state, where the RS for L1-RSRP measurement is the RS in the target TCI state or QCLed to the target TCI state. In order to allow a TCI state associated with NSC RS(s) to be used for DL reception and UL transmission, the same rule should be reused, which means at least L1-RSRP measurement reporting has to be introduced for NSC RS. However, we don't see how beam indication using source RS configured for NSC(s) can be benefit from support of L3-RSRP or hybrid L1/L3-RSRP reports.
Proposal 22: Only L1-RSRP is supported as the reporting quantity for Rel-17 inter-cell BM

3. Whether to support the number of reported beams associated at least with non-serving cell(s) in one reporting instance up to 8 or 16
We don't see the need to report more than 4 non-serving beams in one reporting instance especially Rel-17 UE only can perform DL reception from or UL transmission to one cell at a time. 
Proposal 23: Not support more than 4 beams associated at least with non-serving cell(s) reported in a single CSI reporting instance

4. Whether/how to support L1-based event-driven reporting 
In Rel-15/16, event-driven measurement reporting for non-serving cells is already supported in L3. According to the L3 measurement reporting if the configured event is triggered, e.g., a neighbouring cell becomes offset better than the serving cell (SpCell), NW can trigger L1-RSRP measurement/reporting on the SSBs of the neighbouring cell indicated by the L3 measurement reporting. Moreover, it is also possible to make L3 measurement behavior similar to L3 measurement behavior by setting timeToTrigger and filterCoefficient. In our view, the only benefit from L1-based event-driven reporting is latency reduction since reporting content can be carried in L1 signaling (UCI) or L2 signaling (MAC-CE), but the reduction is not significant (only a few ms). Considering there are only three meetings for Rel-17 FeMIMO and specification effort in RAN1, we prefer not to introduce L1-based event-driven reporting for Rel-17 inter-cell BM.
Proposal 24:  Not support L1-based event-driven reporting for Rel-17 inter-cell BM

5. Whether/how to support MAC-CE based dynamic activation/deactivation of a subset of higher-layer-configured measurement for non-serving cell SSBs
Unlike L3 measurement, since the max number of RSs for L1 measurement that UE can maintain simultaneously would be a UE capability, we see it is beneficial to introduce MAC-CE-based dynamic activation/deactivation for the measurement configured by higher layer (periodic or semi-persistent). In one example, NW can decide to activate or deactivate the measurements on SSB associated with non-serving cell(s) according to L3 measurement reporting. Since MAC-CE based activation/deactivation has already been supported for semi-persistent CSI-RS/IM resource set, similar mechanism can be reused.

Proposal 25:  Support MAC-CE based activation/deactivation of a subset of higher-layer-configured measurement for non-serving cell SSBs analogous to Rel-15/16 SP resource set activation/deactivation

6. For mixed reporting, how to report the K beams and corresponding qualities if the Tx power among the non-serving cell and with serving-cell is not the same
According to the previous agreement, Rel-15 L1-RSRP is used as reporting quantity for measurement and reporting of non-serving-cell(s), which means RAN1 will not add any new measurement metric in Rel-17. The determination of Rel-15 L1-RSRP doesn't need to consider Tx power of RS resource. In our view, the issue from different Tx power among the non-serving cell and with serving-cell can be handled by NW, thus we prefer not to introduce additional specification support to handle this issue.
Proposal 26:  No special handling for the case if the Tx power among the non-serving cell and with serving-cell is not the same


7. Timing assumption for non-serving cell RS measurement
According to the LS reply on the timing assumption for inter-cell DL measurement from RAN4 [6], performance degradation or increased UE complexity can be expected if timing difference between the serving cell and the non-serving cell exceeds the minimum requirements of UE (e.g., 1 CP), for the cases other than the case when the measurement RS from the non-serving cell is within SMTC in FR1. In our view, since the serving cell does not change according to Rel-17 inter-cell beam measurement and reporting, only MTRP-like inter-cell operation (i.e., scenario 1 defined by RAN2) is allowed. According to the previous conclusion from inter-cell MTRP [3], UE may assume received DL transmission from multiple TRP within a CP in both FR1 and FR2. Thus, for inter-cell beam measurement, we see the timing difference between the serving cell and the non-serving cell should not exceed 1 CP to cause unnecessary performance degradation and UE complexity.
Proposal 27:  For inter-cell beam measurement, UE may assume the timing difference between the serving cell and the non-serving cell is confined within a CP in both FR1 and FR2

Inter-cell beam indication
Regarding the WA reached in RAN1#104b [4] for inter-cell beam indication, since the WID of Rel-17 was revised after RAN#92 [6], the WA need to be revised accordingly. According to the revised WID, UE can transmit to or receive from only a single cell, thus support activation of TCI state(s) for one single cell at a time should be sufficient. 
Proposal 28: Support the WA the following changes according to the revised WID for Rel-17 FeMIMO:
	Working Assumption from RAN#105
On Rel.17 beam indication enhancements for L1/L2-centric  inter-cell mobility beam management based on Rel-17 unified TCI framework, 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 state(s) for more than one single 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/PDSC


On the following FFS items for Rel-17 inter-cell beam indication:
1. Target channel: For DL operation, we see at least UE-dedicated reception on both PDSCH and PDCCH can be supported as the target channel of Rel-17 inter-cell beam indication. Common PDCCH/PDSCH reception still comes from the serving cell. If only PDSCH reception is supported, Rel-17 unified TCI framework for intra-cell beam indication cannot be reused, and additional spec effort for inter-cell beam indication will be needed. For UL operation, we are open to discuss the need to support it in Rel-17. 
Proposal 29:  On inter-cell beam indication based on Rel-17 MAC-CE-based and/or DCI-based beam indication, support at least UE-dedicated reception on both PDSCH and PDCCH from non-serving cell.

2. Support joint TCI mode and/or separate TCI mode: Since Rel-17 inter-beam may only support DL operation on non-serving cell, UE still perform UL transmission to the serving cell. Even Rel-17 inter-beam further supports UL operation on non-serving cell, it is possible to leave the UL operation to the serving cell depending on NW configuration. Therefore, separate TCI mode should be supported as the baseline, instead of joint TCI mode.
Proposal 30:  On inter-cell beam indication based on Rel-17 MAC-CE-based and/or DCI-based beam indication, separate DL/UL TCI should be supported as baseline for DL TCI associated with the non-serving cell and UL TCI associated with the serving cell.


Issue 3: Signaling medium for unified TCI activation/update
Based on current agreements on signaling medium for unified TCI framework [1][2], there are several remaining issues listed as follows. In this section, we’d like to share our views on these issues.
1. Support of additional DCI format for TCI update
2. Application time of TCI state update
3. Default TCI state when more than one TCI states are activated by MAC-CE

Support of additional DCI format for TCI update
In RAN1#104 meeting, regarding support of DCI format(s) for beam indication in addition to the agreed DCI formats 1_1/1_2 with DL assignment, several alternatives were identified:
· Alt0: No additional DCI format is supported
· Alt1: DCI formats 1_1/1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Alt2: Dedicated DCI format other than 1_1/1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Alt3: UL-related DCI formats 0_1/0_2 with UL grant, applicable only for UL-only TCI of separate DL /UL TCI 
In our view, support only DCI format 1_1/1_2 with DL assignment for TCI update is not quite sufficient and flexible due to the dependence of DL traffic. For example, TCI update may be still required for CSI acquisition or SRS transmission even these is no DL or UL traffic. When there is UL-only or UL-heavy traffic, TCI update for UL transmission is also needed. In order to support for wider and flexible use cases, we see support of additional DCI format(s) for TCI update is needed. 
In RAN1#104b [4], RAN1 agreed to support TCI update by using DCI formats 1_1/1_2 without DL assignment as an optional feature if UE supports TCI update by using DCI 1_1/1_2 with DL assignment. In addition to this, we see support of DCI format 0_1/0_2 with UL grant for UL-only TCI update (of separate DL /UL TCI) is also beneficial when there is UL-only or UL-heavy traffic. To support UL-only TCI update, one configurable TCI field can be introduced in DCI format 0_1/0_2. Furthermore, the acknowledgment in response to decoding of a DCI format 0_1/0_2 that indicates UL-only TCI update can be directly based on the scheduled PUSCH transmission.
Proposal 31: Support DCI format 0_1/0_2 with UL grant for UL-only TCI update (of separate DL /UL TCI)
· One TCI field can be configured in DCI format 0_1/0_2
· The PUSCH transmission scheduled by a DCI format 0_1/0_2 that indicates TCI update can be considered as the acknowledgment in response to decoding of the DCI format 0_1/0_2

Application time of DCI-based TCI state update
In RAN1#104 [3] and RAN1#105 [5], RAN1 reached the following agreements for application time of DCI-based TCI state update, i.e., beam application time:
	Agreement from RAN1#104
On the beam application time for Rel.17 DCI-based beam indication, the beam application time can be configured by the gNB based on UE capability
· Support a UE capability for the minimum value of beam application time
· FFS: the exact minimum values of beam application time supported by UE 
· FFS: whether existing UE capability can be reused as this UE capability.
· FFS: whether different beam application time values are supported for uplink and downlink
· FFS: whether UE capability needs to be introduced for the maximum value of beam application time
· FFS: the reference for defining the UE capability (e.g. from DCI reception or ACK transmission)
· FFS: whether a UE is allowed to report more than 1 values in case of MPUE
· FFS: the application time when DCI and applied channel(s) are on different CCs with same/different SCS(s)
Agreement from RAN1#105
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


Since Rel-17 unified TCI framework may be used for fast UL panel selection, layer-1/2 inter-cell mobility, or cross-carrier scheduling for intra/inter-band CA, the beam application time (and the UE capability) may (or may not) need to further take these uses into account. 
1. Beam application time for MP-UE: Whether or not panel activation latency should be considered in the beam application time? After MP-UE receives MAC-CE that activates TCI state(s), it will determine beam(s)/panel(s) corresponding to the active TCI state(s). In fact, the determination of beam(s)/panel(s) is up to UE implementation in Rel-15/16 and in Rel-17 as well. When UE decides to use more than one panels for transmission or reception based on the active TCI states, the panels should be activated after the active TCI list is applied. The application time for applying activated TCI state is sufficient for panel activation. After that, UE will use the active panels for transmission or reception based on the activated TCI states. Therefore, the beam application time for DCI-based TCI update doesn't have to consider the panel activation latency.
Proposal 32: Beam application time for DCI-based TCI update doesn't have to consider panel activation latency since UE is able to complete panel activation for the activated TCI states after corresponding activation command is applied

2. Inter-cell beam indication: For inter-cell beam indication, since UE can transmit to or receive from only a single cell according to the revised WID for FeMIMO [6], we see the DCI-based beam switching happens only within the same cell (either a serving cell or a non-serving cell), thus the beam application time doesn't have to consider cross-cell impact.
Proposal 33: If DCI-based beam switching between different cells is not supported, i.e., TCI states only can be activated for one single cell at a time, beam application time doesn't have to consider cross-cell impact.

3. Common beam operation for CA : In RAN1#103 [2], it was agreed to support common TCI state ID update and activation across a set of configured CCs at least for intra-band CA. In this case, it is possible that UE transmits the acknowledgement of the beam indication DCI in a CC with the smaller SCS that indicates the TCI update for CC(s) with larger SCS(s). In order to align the beam application time in the set of configured CCs, the first applicable slot that UE can apply the new TCI state should be determined based on a reference CC with the smallest SCS in the set of configured CC, as the examples shown in Figure 8.
Proposal 34: For common TCI state ID update across a set of configured CCs, the first slot that UE can apply the newly indicated TCI state across the set of configured CCs is determined based on a reference CC with the smallest SCS in the set of configured CC
Regarding the need of additional offset for the application time if CCs have different SCSs, the additional processing time, if needed, should be added before the acknowledgement of the beam indication DCI. In Rel-16, however, the required processing time including PDSCH-to-HARQ-ACK and PDCCH-to-PUSCH in cross-CC scheduling with different SCSs is not changed compared with Rel-15. Thus, we don't see the need to introduce any additional offset for the beam application time if CCs have different SCSs.   
Proposal 35: No need to introduce additional offset for the beam application time if CCs have different SCSs 
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Figure 8. Examples of the first application slot for common TCI update across a set of configured CCs

4. Cross-carrier beam indication: Meanwhile, since at least DCI format 1_1/1_2 is agreed to support joint or separate DL/UL TCI update, it is possible to use a DCI to achieve cross-carrier joint or separate DL/UL TCI update, i.e. a DCI received in a scheduling CC can be used for TCI state update in a scheduled CC indicated by a carrier indicator field in the DCI. This is especially important for FR1+FR2 CA, where the control channels would be on the FR1 CC due to better reliability and coverage. Note that common TCI state ID update for a set of configured CCs may not be suitable for this use case since TCI update is usually not needed in FR1 CC. Since the newly indicated TCI state would be applied to the scheduled CC, it is obvious that the first slot that UE can apply the newly indicated TCI state should be determined based on the scheduled CC.
Proposal 36: For cross-carrier joint or separate DL/UL TCI update, the first slot that UE can apply the newly indicated TCI state to the scheduled CC is determined based on the scheduled CC


Default TCI state when more than one TCI states are activated by MAC-CE
In RAN1#103 [2], it was agreed that using MAC-CE to activate a list of TCI states, and using DCI to indicate one TCI state from the active TCI list for TCI update if more than one TCI states are activated. If only one TCI state is activated, the TCI state is directly applied. As the example shown in Figure 9, during the transition time between a new active TCI list is applied, where the new active TCI list includes more than one TCI states, and a DCI indicating a TCI update based on the new active TCI list, what TCI state shall be applied and whether a default TCI state is needed? We see there are two possible options as follows:
· Option 1: A default TCI state is defined for the transition time, e.g., the TCI state with the lowest ID in the newly applied active TCI list or the TCI state corresponding to the lowest TCI field value.  
· Option 2: UE doesn't change the currently applied TCI state before a newly TCI state indicated by a DCI is applicable. 
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Figure 9. Example of TCI activation and indication in two cases

We see which option is adopted should depend on whether the currently applied TCI state is still in the new active TCI list or not. Two cases are illustrated in Figure 9. For Case 1 if the currently applied TCI state is not in the new active TCI list, Option 1 would be feasible from UE implementation’s point of view. This is because UE is not responsible to track a TCI state if it is not in the active TCI list. If Option 2 is adopted for Case 1, UE has to track one more TCI state that may exceed UE capability. For Case 2 if the currently applied TCI state is still in the new active TCI list, since UE still has to track the active TCI state, we don't see any issue to adopt option 2.
Proposal 37: After UE receives an activation command activating more than one TCI states and the activation command is applied, and before UE detects a DCI indicates one of the active TCI states:
· If the currently applied TCI state is not one of the active TCI states, UE shall apply a default TCI state of the active TCI states.
· Otherwise, UE doesn't change the currently applied TCI state.   

Issue 4: Fast UL panel selection 
RAN1 reached the followings agreements for fast UL panel selection [3]-[5]:
	Conclusion from RAN1#104
On Rel.17 enhancements to facilitate UL beam selection for MP-UE, the following terms are used at least for the purpose of discussion: 
· ‘Panel activation’ (at least for DL/UL measurement): activating L out of P available UE panel(s) at least for the purpose of DL and UL beam measurements (e.g. reception of DL measurement RS, transmission of SRS)
· ‘Panel selection’ (for UL transmission): selecting 1 out of L activated UE panel(s) for the purpose of UL transmission 
· Note: UE-initiated panel activation and selection have been agreed in RAN1#103-e
Agreement from RAN1#104
On Rel.17 enhancement for facilitating fast uplink panel selection,
· Rel.17 TCI state update (based on MAC CE + DCI along with the necessary TCI state activation, or MAC CE only) can be used for UE UL panel selection:
· FFS: Whether specification support for this feature is necessary and if so the details of such spec support, e.g.  
· Additional spec support in TCI state definition to accommodate UL panel
· UE reporting to facilitate UL panel selection
· UE reporting, e.g. panel-specific report, including UE-panel state, e.g. inactive, active for DL /UL measurement, active for DL reception only, active for UL transmission, or other combination(s) of UE -panel states
· Support for linking or association of UE panels with CSI-RS/SSB resources or resource sets, SRS resource sets, and/or PUCCH resource groups, etc.
Agreement from RAN1#104
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 from RAN1#104b
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
Agreement from RAN1#104b
On Rel.17 enhancements for MPUE, investigate and, if needed, specify the following:
· UE reporting of panel-specific information as a UE capability, for example:
· Information related to the total number of DL/UL panel entities
· Information related to the number of (max) antenna ports/layers per panel entity
· Information related to the maximum number of resources per panel entity for SRS BM
· Information related to panel selection delay
· Information related to panel activation delay 
· UE reporting information related to minimal activation/selection delay for a panel based on L1 or L2 signaling
· UE reporting of panel activation/selection status of a panel entity, e.g. active state for both DL and UL, or active state for DL only
· FFS: details of this information (e.g. minimal activation/selection delay for a panel) and signaling (e.g. L1 or L2 signaling)
· UE-reported information in MPE report (if supported) is used to indicate the minimal activation/selection delay and panel activation/selection status 
· Note: above ‘panel entity’ is a logical entity and how to map physical panels to the logical entities is up to UE implementation
· Note: This will depend on the final outcome of whether specification support for UE-initiated panel activation/selection is agreed 
Agreement from RAN1#104b
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 number of UL MIMO layers per panel entity


For Rel-17 MP-UE, as agreed in RAN1#102/103 [1][2], the followings can be assumed: 
· No beam correspondence across different UE panels
· A panel comprises a collection of TXRUs that is able to generate one analog beam (one beam may correspond to two antenna ports if dual-polarized array is used)
· Panels can constitute the same as well as different number of antenna ports, number of beams, and EIRP
· UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s)
Furthermore, as agreed in RAN1#103 [2], UE-initiated UL panel activation and selection is supported, and several use cases are identified. We see specification support is necessary for UE-initiated UL panel activation and selection, at least for the following agreed use cases:
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Figure 10. Possible cases for UE-initiated UL panel activation and selection with Rel-17 MP-UE assumptions

· Case 1: Different configurations across UE panels. For a compact mobile device, since the placeholders for antenna modules are usually limited and vary in size, different panels equipped on a UE may not have identical configurations, e.g., number of antenna ports. In Rel-15/16, UE can report the supported maximum number of ports/layers for UL transmission through capability signaling. However, this number is usually determined according to the panel with the smallest number of antenna ports since it should be supported by every panel that may be used for UL transmission. Furthermore, even per panel capability is reported from UE, NW still cannot know if the selected gNB beam based on Rel-15/16 beam reporting is used for UL transmission, what is the maximum number of ports/layers that can supported by the UE-selected UL panel. 
· Case 2: UE power saving. For a UE equipped with multiple panels with identical configurations, a panel configuration still can be changed for UE power saving. In Rel-16, DL MIMO layer adaptation supported by BWP switching for UE power saving. For UL, it is also beneficial for UE power saving if the maximum UL MIMO layers on the UL panel can adapt dynamically. However, it is not possible to let NW know the change of UL panel configuration based on current specification.
· Case 3: Multiple activated UE panels for e.g., MPE mitigation. According to the conclusion reached in RAN1#104 [3], even there could be more than one activated panels, UE still can select only one UL panel from them. For example, in order to avoid transmit power back-off due to MPE, UE may select a panel for UL transmission alternative to a panel for DL reception. If multiple panels are activated and only one of the panels is selected for UL transmission, NW has to know how to schedule UL transmission on the UL panel. However, NW cannot differentiate which gNB beam(s) corresponds to the UL panel selected by UE based on Rel-15/16 beam reporting.
In order to support above use cases, NW needs to know some panel-related information of the activated UE panel(s):
· To support different configurations across panels or UE power saving, the panel-specific configuration/ capability like the supported maximum number of ports/layers on each activated panel has to be known by NW. Then, NW can trigger SRS transmission and schedule PUSCH with a corresponding number of ports/layers on the UL panel selected by UE. 
· To support multiple activated panels for MPE mitigation, the panel selection status of each activated panel (e.g. active state for both DL and UL or active state for DL only) has to be known by NW. Then, NW can schedule UL transmission on the UE-selected UL panel.
Note that NW only needs to know panel-related information of the activated panel(s) instead of all panels since only the panel(s) activated by UE would be used for DL reception and/or UL transmission.
Observation 5: To support UE-initiated UL panel activation and selection, at least the following panel-related information of activated UE panel(s) has to be known by NW:
· Different configurations across panels or UE power saving: panel-specific configuration/capability on each activated panel, e.g., the supported maximum number of ports/layers per panel
· Multiple activated panels: panel active state either for both DL and UL or for DL only

In RAN1#104b [4], two signaling mechanisms base on CSI/beam measurement/reporting were identified to support UE-initiated panel activation and selection:
· Opt1-1: A panel entity corresponds to a reported SSBRI/CRI in a beam reporting instance, and the correspondence between a reported SSBRI/CRI and a panel entity is determined by the UE (analogous to Rel-15/16) and informed to NW.
· Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports, and the association between a new panel ID and a panel entity is determined by the UE.
In our view, both Opt1-1 and Opt1-2 can be used as an implicit way to report panel-related information of the activated panel(s) to NW but without disclosing UE antenna (group) implementation, similar to TCI state used for beam indication without disclosing NW beamforming implementation. Note that if Opt1-1 or Opt1-2 is not used for reporting panel-related information to NW, we don't see the need to introduce any of them in specification.
Observation 6: Opt1-1 and Opt1-2 can be used as an implicit way to report panel-related information of the activated panel(s) to NW but without disclosing UE antenna (group) implementation. 

The main difference between Opt1-1 and Opt1-2 is whether SSBRIs/CRIs in a beam reporting instance can be mapped to different panel entities or not. For Opt1-1, SSBRIs/CRIs mapping to different panel entities is allowed, and the mapping for each SSBRI/CRI in a beam reporting instance is informed to NW. For Opt1-2, all SSBRIs/CRIs have to be mapped to a same panel entity, and a new panel ID corresponding to the panel entity can be reported to NW. For UE-initiated panel activation and selection, in a beam reporting instance, the reported SSBRIs/CRIs may correspond to one or more panel entities. If more than one panel entities, the panel entities may have different panel active states. Thus, Opt1-2 introduces an unnecessary restriction that cannot support the Rel-17 MP-UE assumption.
Observation 7: Opt1-2 restricts UE to initiate only one panel for CSI/beam reporting
Proposal 38: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, Opt1-1 should be supported.
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Figure 11. Example of mapping between AGC state(s) and SSBRIs/CRSs within a beam reporting instance 
	
Regarding the detailed design of the correspondence including the conveyed information for Opt1-1. First, NW can configure a set of Antenna Group Configurations (AGC) states with different IDs, where each AGC states can be further provided with some parameters: 
· Maximum number of UL MIMO layers
· Panel active state either for both DL and UL, or for DL only
The number of AGC states and the parameters provided to each of the AGC states can be configured according to panel-related capabilities reported by UE.
Then, when UE performs beam measurement/reporting, for Opt1-1, the correspondence between a panel entity and each SSBRI/CRI in a beam reporting instance can be informed to NW implicitly by associating the SSBRI/CRI with one of the configured AGC states, i.e., UE determines an AGC state for the panel entity corresponding to the SSBRI/CRI and reports an index of the AGC along with the SSBRI/CRI, as the example shown in Figure 11.
After beam reporting is received by NW, NW could know to how to trigger SRS for CSI and schedule PUSCH with a corresponding number of ports/layers on the UL panel selected by UE.
Proposal 39: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support NW to configure a set of Antenna Group Configuration (AGC) states
· Each AGC is provided with at least following parameters:
· Maximum number of UL MIMO layers
· Panel active state either for both DL and UL, or for DL only
· In a beam reporting instance, UE determines an AGC state for a panel entity corresponding to each SSBRI/CRI in the beam reporting instance and reports the index of the AGC state along with the SSBRI/CRI.

Issue 5: MPE mitigation 
In RAN1#104/104b e-meeting, RAN1 reached the followings for MPE mitigation [3][4]
	Agreement from RAN1#104
On Rel.17 enhancements to facilitate MPE mitigation, 
· On further enhancing the P-MPR report in Rel.16 (already agreed RAN4 framework, including triggering), down select between beam-level and panel-select reporting
· On SSBRI(s)/CRI(s) and/or indication of panel selection, focus study on the following: 
· Reporting of at least SSBRI(s)/CRI(s) to indicate gNB beam(s) that is feasible for UL transmission: additional reporting quantities are FFS
· Reporting of at least an indicator associated with a UE ‘panel’ that is feasible for UL transmission: additional reporting quantities are FFS
· Note: Just as agreed in RAN1#103-e, the purpose is to assess whether specification is needed or not
 
Agreement from RAN1#104b
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


In this section, we’d like to share our views on the MPE mitigation:
Enhance existing beam reporting
To support MPE mitigation by UE-initiated panel activation/selection, there could be two possible schemes:
· Alt1: Separate beam reporting (setting) to report SSBRI(s)/CRI(s) intended for MPE mitigation
· Alt2: Allow mixture between the SSBRI(s)/CRI(s) intended for MPE mitigation and for DL beam reporting in the same beam reporting instance
In RAN1#103 [2], it was agreed that UL Tx panel(s) are assumed to be a same set or subset of DL Rx panel(s), which means the SSBRI(s)/CRI(s) intended for MPE mitigation still can be used for DL reception. Thus, separate beam reports (settings) for DL and UL are not aligned with the agreed Rel-17 MP-UE assumption. In our view, Opt 2A should be supported by enhancing existing beam reporting format, i.e., mixture between the SSBRI(s)/CRI(s) intended for MPE mitigation and for DL beam reporting in one beam reporting instance is allowed. However, specification support is needed to let NW cannot differentiate which SSBRI(s)/CRI(s) in a beam reporting instance is feasible for UL transmission. To achieve this, UE can indicate a panel active state for each SSBRI/CRI in a beam reporting instance according to its panel activation and selection, where panel active state can be either “both DL and UL” or “DL only”. Based on the associated panel active state along with each SSBRI/CRI, NW can differentiate which gNB beam(s) indicated in beam reporting corresponds the UE panel intended for MPE mitigation.
Proposal 31: Support Opt 2A by enhancing existing beam reporting format, i.e., mixture between the SSBRI(s)/CRI(s) intended for MPE mitigation and for DL beam reporting in one reporting instance is allowed
· In a reporting instance, UE determines a panel active state either “both DL and UL” or “DL only” corresponding to each SSBRI/CRI and reports the panel active state along with the SSBRI/CRI
Regarding the MPE-related reporting content(s), we see {L1-RSRP + virtual PHR} along with each SSBRI/CRI is a good combination to let NW know how to perform UL beam selection. MPE takes effect on the exact UL received power only when the determined Tx power reaches the configured maximum output power, and the virtual PHR could be used for determining whether Tx power reaches the configured maximum output power. If so, the virtual PHR can be further used for UL beam selection. If not, UL beam selection can be performed based on the DL-RSRP. Since an SSBRI/CRI in the beam reporting instance may be associated with DL-only panel, the virtual PHR doesn't need to be reported for the SSBRI/CRI to reduce resource overhead. Note that the Pcmax to calculate the virtual PHR here should take into account the MPE impact for each SSBRI/CRI. Meanwhile, the pathloss to calculate the virtual PHR is based on L1-RSRP measured from the corresponding SSB/CSI-RS. 
Proposal 32: Support reporting of {virtual PHR+ L1-RSRP} for the SSBRI(s)/CRI(s) in a reporting instance
· The Pcmax to calculate virtual PHR takes into account the P-MPR for each SSBRI /CRI 
· The pathloss to calculate virtual PHR is based on L1-RSRP of the corresponding SSB/CSI-RS
· Virtual PHR is not reported for the SSBRI/CRI with the panel active state “DL only”


Issue 6: Advanced beam refinement/tracking 
In RAN1#105, RAN1 agreed to study on latency reduction of beam management and update [5]. In the following, we focus on how to reduce the activation delay of TCI states and reduce DL signaling for beam management.
	Agreement from RAN1#105
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


Group 1 for latency reduction
In RAN1#104b [4], three candidate schemes from Group 1 were further identified for study. Checking the timeline of beam management procedure, as shown in Figure 12, we see Opt1-B and Opt1-C are proposed for beam training latency reduction. However, only Opt1-A is proposed for beam activation latency. 
Observation 8: Only Opt 1-A in Group 1 is proposed for beam activation latency reduction
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Figure 12. Rel-15/16 beam management procedure
NR introduces separate frameworks for beam reporting and beam indication. Although separate frameworks allow better flexibility for NW to perform beam-based scheduling by considering not only beam reports from serving UEs, this also introduces an additional delay for beam update. In RAN4, the activation delay for a target TCI state is defined as follows:
slot n+THARQ++TO*(Tfirst-SSB + TSSB-proc)/NR slot length
· slot n is the slot UE receives the activation command to activate the target TCI state
· THARQ is the slot offset between the PDSCH carrying the activation command and HARQ-ACK for the PDSCH
· Tfirst-SSB is time to first SSB transmission after the activation command is decoded by UE, where the first SSB shall be the QCL TypeA or TypeC to the target TCI state
· TSSB-proc = 2 ms
· TO = 1 if the target TCI state is not currently active, 0 otherwise.
The beam activation latency can be defined as the duration between the time UE determines a new beam pair link and reports corresponding DL RS to NW and the time the target TCI state associated with the reported DL RS can be used for DL reception (or UL transmission in unified TCI framework). In order to reduce the beam update latency, NW can provide the TCI activation command as soon as possible once gNB receives the beam report from UE. However, if the target TCI state is not currently activated, UE has to wait for the reception of the SSB corresponding to the target TCI state before the beam pair link can be used for DL reception. The one SSB measurement is used for deriving QCL properties for the target TCI state since UE only tracks a limit number of TCI states that was currently activated. Since the time between SSBs is typically 20ms, the SSB periodicity will mostly dominate the overall latency. Note that even unified TCI framework cannot avoid this issue.
Observation 9: SSB periodicity mostly dominates the beam management latency

In general, for a DL RS used for beam measurement, UE must have derived QCL properties of the DL RS during the measurement. If UE can remember the QCL properties of the DL RS and NW can guarantee the duration between UE reporting of the DL RS and NW activation a TCI state associated with the DL RS is not too long (otherwise the QCL properties will be out-of-date), the SSB measurement is not needed. Since UE cannot remember the QCL properties for all DL RSs, how to make sure UE can remember the QCL properties for DL RS(s) “selected” by NW? It is possible that UE can remember the QCL properties for a subset of DL RSs configured by NW. However, prediction of beam pair link(s) that will be used for DL reception (or UL transmission in unified TCI framework) is difficult, which requires more intelligent NW to configure the subset of DL RSs. 
UE-initiated beam selection/activation could be one alternative to reduce the beam activation latency. Based on beam measurement, UE can select one (i.e., beam selection) or more (i.e., beam activation) TCI states as active and reports it/them to NW. Since the TCI state(s) is selected/activated by UE, UE is responsible to remember the QCL properties of the selected/activated TCI state(s). Therefore, the one SSB measurement is not needed anymore, and the overall latency can be greatly reduced, as shown in Figure 13. RAN4 can define a new requirement for this behavior.
To achieve UE-initiated beam selection/activation, NW can associate a TCI state with each RS resource for beam measurement and reporting, and TCI state(s) associate with the reported beam(s) would be activated without explicit TCI activation command from NW. The association between a TCI state and a RS resource for beam measurement and reporting should be restricted based on a rule to cover the following cases:
· The RS resource is a CSI-RS for BM, which is the QCL-TypeD source RS of the associated TCI state
· The RS resource is an SSB, which is the QCL-TypeD source RS of a TRS, and the TRS is the QCL-TypeA and D source RS of the associated TCI state
The beam selection or activation automatically based on legacy beam measurement & reporting (NW-initialized) shall be more straightforward because:
· No additional measurement overhead is needed 
· Legacy CSI framework can be reused without additional spec support
In addition, we think NW confirmation on UE-initiated beam selection/activation is needed to guarantee the alignment between NW and UE, where the gNB confirmation could be directly based on the beam indication DCI. Once NW response on the report is received by UE, the selected/activated TCI state(s) can be immediately used for DL reception (or UL transmission in unified TCI framework). Moreover, NW confirmation may provide flexibility to allow NW to “reject” the UE-initiated beam selection/activation.
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Figure 13. UE-initiated beam selection/activation
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Proposal 34: On Group 1, support UE-initiated TCI selection/activation based on NW-initiated beam measurement and reporting (Opt 1-A)
· NW can associate a measurement RS with a TCI state, where the measurement RS should be at least the direct/indirect QCL-TypeD source RS of the associated TCI state
· The TCI state(s) associated with the reported beam(s) is activated after the NW confirmation, where the NW confirmation can be a beam indication DCI
· Send LS to RAN4 to check whether SSB measurement during the TCI activation can be skipped if the TCI activation is initiated by UE

Conclusion
In this contribution, enhancement on multi-beam operation for FeMIMO was discussed. Based on the discussion in the previous sections, we made the following proposals and observations:

Issue 1: Unified TCI framework
Observation 1: Rel-15/16 QLC rule is directly supported for Rel-17 DL TCI at least for CSI-RS reception
Proposal 1: Support SSB as QCL-TypeD source RS in a Rel-17 DL TCI state indicated for UE-dedicated reception on PDSCH and all/subset of CORESETs
· QCL-TypeA source RS in the Rel-17 DL TCI state is should be QCLed with the same SSB
Proposal 2: Not support CSI-RS for CSI and SRS for BM as QCL-TypeD source RS in a Rel-17 DL TCI state indicated for UE-dedicated reception on PDSCH and all/subset of CORESETs
Observation 2: CSI-RS for CSI can apply the joint/separate TCI by NW implementation without additional spec support
Proposal 3: Not support any type of CSI-RS to apply the joint/separate TCI
Proposal 4: Not support SRS for RS of BM to apply the joint/separate TCI
Observation 3: According to current agreements on Rel-17 unified TCI framework, only the PDCCH reception associated with USS set can apply the joint/separate TCI.
Observation 4: According to current agreements on Rel-17 unified TCI framework, the QCL assumption for a PDCCH reception is determined according to the associated search space set instead of the associated CORESET, which may cause additional implementation complexity and specification impact.
Proposal 5: UE applies the joint/separate TCI to any CORESET associated with at least one USS set
Proposal 6: UE applies the joint/separate TCI to any PDSCH reception that is scheduled by a PDCCH reception on a CORESET associated with at least one USS set 
Proposal 7: Rel-15/16 TCI state update signaling/configuration mechanism(s) are reused to update/configure the Rel-17 TCI state for DL RS that does not apply the same indicated Rel-17 TCI state(s) as UE-dedicated reception on PDSCH and all or subset of CORESETs
Proposal 8: For single-TRP operation, Rel-17 unified TCI framework only supports M = 1 and N = 1 in a CC or a set of configured CCs.
Proposal 9: If single-DCI MTRP operation is configured only for either DL or UL, separate DL/UL TCI mode shall be configured.
Proposal 10: On Rel-17 unified TCI for single-DCI MTRP operation in a CC or a set of configured CCs:
· If joint DL/UL TCI mode is configured and single-DCI MTRP operation is configured for both DL and UL, one TCI field codepoint can indicate one or two TCI states for joint DL/UL TCI update
· If separate DL/UL TCI mode is configured and single-DCI MTRP operation is configured for DL, one TCI field codepoint can indicate up to two TCI states for DL TCI update
· If separate DL/UL TCI mode is configured and single-DCI MTRP operation is configured for UL, one TCI field codepoint can indicate up to two TCI states for UL TCI update
Proposal 11: For multi-DCI MTRP operation, if UE detects a DL DCI (with or without DL assignment) from PDCCH reception associated with a CORESET pool (index), the DL DCI can indicate one TCI state to provide common QCL information for UE-dedicated PDCCH/PDSCH reception associated with the CORESET pool (index) in a CC or a set of configured CCs.
Proposal 12: MAC-CE can activate TCI state(s) for UE-dedicated PDCCH/PDSCH reception associated with a certain CORESET pool (index) in a CC or a set of configured CCs.  
· MAC-CE indicates the activated TCI state(s) should apply to which CORESET pool (index)
· The total number of activated TCI states for UE-dedicated PDCCH/PDSCH receptions associated with both CORESET pools (indexes) is a UE-capability
Proposal 13: For multi-DCI MTRP operation, separate DL/UL TCI mode shall be configured 
Proposal 14: On Rel.17 unified TCI framework, for common TCI state ID update and activation to provide common QCL information across a set of configured CCs/BWPs, if one source RS per CC is determined from the indicated common TCI state ID to provide QCL Type-D indication and to determine UL TX spatial filter for the set of configured CCs, the CC-specific source RSs should be CSI-RS for tracking. 
Proposal 15: On Rel.17 unified TCI framework, support the WA for CA operation with the following changes:

	Working Assumption
On Rel.17 unified TCI framework, for 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 in the set of configured CCs 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
· Except the reference BWP in one of the configured CCs, RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC in the set of configured CCs, and replaced with a reference to RRC-configured TCI state pool(s) in athe 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 in one of the configured CCs where RRC-configured TCI state pool(s) is not present in the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in athe reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC or CC ID (cell) for QCL-Type A/D a source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D the source RS is located in the BWP/CC or 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



Proposal 16: On Rel-17 unified TCI framework, in case of separate DL/UL TCI, support UL TCI shares the same TCI state pool as joint DL/UL TCI.
· Note: By previous agreements, DL TCI shares the same TCI state pool for joint DL/UL TCI
Proposal 17: As in Rel-15/16, SSB and any type of periodic CSI-RS can be configured as PL-RS
Proposal 18: For a UE doesn't support beam misalignment between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS associated with or included in in the UL or (if applicable) joint TCI state:
· If the PL-RS is not provided with a QCL-TypeD source RS, the UE expects the DL source RS and the PL-RS shall be the same
· If the PL-RS is provided with a QCL-TypeD source RS, the UE expects the DL source RS and the QCL-TypeD source RS shall be the same
Proposal 19: On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, support the WA with the following additional item:
· Signaling to associate the setting for each of the PUSCH and PUCCH with a TCI state is up to RAN2
Proposal 20:  Two sets of PC settings for PUCCH and PUSCH are configured respectively:
· The set for PUCCH PC settings, each setting includes P0 and CL index
· The set for PUSCH PC settings, each setting includes P0, alpha, and CL index


Issue 2: Inter-cell beam management
Proposal 21: Only NSC SSB is supported as the measurement RS for Rel-17 inter-cell BM
Proposal 22: Only L1-RSRP is supported as the reporting quantity for Rel-17 inter-cell BM
Proposal 23: Not support more than 4 beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
Proposal 24:  Not support L1-based event-driven reporting for Rel-17 inter-cell BM
Proposal 25:  Support MAC-CE based activation/deactivation of a subset of higher-layer-configured measurement for non-serving cell SSBs analogous to Rel-15/16 SP resource set activation/deactivation
Proposal 26:  No special handling for the case if the Tx power among the non-serving cell and with serving-cell is not the same
Proposal 27:  For inter-cell beam measurement, UE may assume the timing difference between the serving cell and the non-serving cell is confined within a CP in both FR1 and FR2
Proposal 28: Support the WA the following changes according to the revised WID for Rel-17 FeMIMO:
	Working Assumption from RAN#105
On Rel.17 beam indication enhancements for L1/L2-centric  inter-cell mobility beam management based on Rel-17 unified TCI framework, 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 state(s) for more than one single 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/PDSC


Proposal 29:  On inter-cell beam indication based on Rel-17 MAC-CE-based and/or DCI-based beam indication, support at least UE-dedicated reception on both PDSCH and PDCCH from non-serving cell.
Proposal 30:  On inter-cell beam indication based on Rel-17 MAC-CE-based and/or DCI-based beam indication, separate DL/UL TCI should be supported as baseline for DL TCI associated with the non-serving cell and UL TCI associated with the serving cell.
Issue 3: Signaling medium for unified TCI update/activation
Proposal 19: UE can be configured with either joint DL/UL TCI or separate DL/UL TCI via MAC-CE signaling:
· If only one TCI state (ID) list is mapped to the codepoint(s), each codepoint is associated with one TCI state ID to indicate a TCI state for joint DL and UL beam update. 
· If the second TCI state (ID) list for UL-only beam update is mapped to the codepoint(s):
· If a codepoint is associated with one TCI state ID, it could be used for DL-only beam update or UL-only beam update, depending on the TCI state ID comes from which list.
· If a codepoint is associated with two TCI state IDs from both lists, one TCI state is used for DL-only beam update and another is used for UL-only beam update.
· Detail design of MAC-CE signaling is left to RAN2
Proposal 20: Support DCI format 0_1/0_2 with UL grant for UL-only TCI update (of separate DL /UL TCI)
· One TCI field can be configured in DCI format 0_1/0_2
· The PUSCH transmission scheduled by a DCI format 0_1/0_2 that indicates TCI update can be considered as the acknowledgment in response to decoding of the DCI format 0_1/0_2
Proposal 21: For MAC-CE-based TCI update, support MAC-CE activates more than one TCI codepoints, and the activated TCI state(s) for the lowest codepoint is/are always applied
· Support of this feature is UE optional and this feature can be configured on or off 
· UE can be configured either DCI-based TCI update or MAC-CE-based TCI update with this feature 
Proposal 22: Beam application time for DCI-based TCI update doesn't have to consider panel activation latency since UE is able to complete panel activation for the activated TCI states after corresponding activation command is applied. 
Proposal 23: Whether beam application time for DCI-based TCI update and corresponding UE capability have to consider beam switching within different cells can be discussed after there are concrete agreements to support beam indication using TCI state associated with non-serving cell RS
Proposal 24: For common TCI state ID update across a set of configured CCs, UE should determines the first slot that UE can apply the newly indicated beam to the set of configured CCs based on a reference CC with the smallest SCS in the set of configured CC
Proposal 25: Study possible impact on beam application time if cross-carrier joint or separate DL/UL TCI update is supported in Rel-17 unified TCI framework
Proposal 26: After UE receives an activation command activating more than one TCI states and the activation command is applied, and before UE detects a DCI indicates one of the active TCI states:
· If the currently applied TCI state is not one of the active TCI states, UE shall apply a default TCI state of the active TCI states.
· Otherwise, UE doesn't change the currently applied TCI state.   

Issue 4: Fast UL panel selection 
Observation 5: To support UE-initiated UL panel activation and selection, at least the following panel-related information of activated UE panel(s) has to be known by NW:
· Different configurations across panels or UE power saving: panel-specific configuration/capability on each activated panel, e.g., the supported maximum number of ports/layers per panel
· Multiple activated panels: panel active state either for both DL and UL or for DL only
Observation 6: Opt1-1 and Opt1-2 can be used as an implicit way to report panel-related information of the activated panel(s) to NW but without disclosing UE antenna (group) implementation. 
Observation 7: Opt1-2 restricts UE to initiate only one panel for CSI/beam reporting
Proposal 38: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, Opt1-1 should be supported.
Proposal 39: On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support NW to configure a set of Antenna Group Configuration (AGC) states
· Each AGC is provided with at least following parameters:
· Maximum number of UL MIMO layers
· Panel active state either for both DL and UL, or for DL only
· In a beam reporting instance, UE determines an AGC state for a panel entity corresponding to each SSBRI/CRI in the beam reporting instance and reports the index of the AGC state along with the SSBRI/CRI.

Issue 5: MPE mitigation 
Proposal 31: Support Opt 2A by enhancing existing beam reporting format, i.e., mixture between the SSBRI(s)/CRI(s) intended for MPE mitigation and for DL beam reporting in one reporting instance is allowed
· In a reporting instance, UE determines a panel active state either “both DL and UL” or “DL only” corresponding to each SSBRI/CRI and reports the panel active state along with the SSBRI/CRI
Proposal 32: Support reporting of {virtual PHR+ L1-RSRP} for the SSBRI(s)/CRI(s) in a reporting instance
· The Pcmax to calculate virtual PHR takes into account the P-MPR for each SSBRI /CRI 
· The pathloss to calculate virtual PHR is based on L1-RSRP of the corresponding SSB/CSI-RS
· Virtual PHR is not reported for the SSBRI/CRI with the panel active state “DL only”

Issue 6: Latency reduction of beam management and update
Observation 8: Only Opt 1-A in Group 1 is proposed for beam activation latency reduction
Observation 9: SSB periodicity mostly dominates the beam management latency
Proposal 34: On Group 1, support UE-initiated TCI selection/activation based on NW-initiated beam measurement and reporting (Opt 1-A)
· NW can associate a measurement RS with a TCI state, where the measurement RS should be at least the direct/indirect QCL-TypeD source RS of the associated TCI state
· The TCI state(s) associated with the reported beam(s) is activated after the NW confirmation, where the NW confirmation can be a beam indication DCI
· Send LS to RAN4 to check whether SSB measurement during the TCI activation can be skipped if the TCI activation is initiated by UE
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