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Introduction
In this contribution, we discuss the beam-management-related enhancements.
 [Issue1] Unified TCI framework 
2.1 QCL-Type D RS configuration in unified TCI state in CA
In Rel.15 TCI state configuration, the common QCL-Type D RS across multiple CCs is allowed only when QCL-Type D RS is CSI-RS with repetition, as showed below. 
	5.1.5   Antenna ports quasi co-location
[…]
For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-Type A' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-Type D' with the same CSI-RS resource, or
-	'QCL-Type A' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-Type D' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-Type A' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'QCL-Type D' with the same CSI-RS resource.


Observation 2-1:
· In Rel.15 TCI state configuration, the common QCL-Type D RS across multiple CCs is allowed only when QCL-Type D RS is CSI-RS with repetition. 

Here, CSI-RS with repetition is optional for gNB to help UE to determine Rx beams faster. From operator perspective, the benefit to configure the CSI-RS with repetition is not clear enough, because some UE may be able to determine Rx beam faster, on the other hand, the other UEs may be not. gNB does not need to transmit CSI-RS with repetition in Rel.15. On the other hand, TRS transmission on each CC is mandatory for gNB, because it is used for QCL-Type A RS. We believe the most typical commercial TCI state configuration is (QCL-Type A TRS + QCL-Type D TRS).
In unified TCI framework, we need to finalize the issue whether QCL-Type D RS is common across CCs, or can be different for each CC. The most important thing is to avoid making CSI-RS with repetition mandatory for gNB. Two alternatives can be considered, as shown in Figure 2-1, 2-2. Alt.1 is separate QCL-Type D RS configuration for each CC, and all three QCL chain in Rel.15 are supported. We can further restrict that the QCL-Type D RSs in each CC is further associated with a same QCL-Type D RS in a CC, to assume single common QCL-Type D RS. Alt.2 is the common QCL-Type D RS, and introduce enhanced QCL chain, e.g. (QCL-Type A TRS + QCL-Type D TRS, in different resource/CC) or (QCL-Type A TRS + QCL-Type D SSB).
Proposal 2-1:
· For QCL-Type D configuration in common TCI state(s) across a set of CCs (that is associated with the same gNB beam):
· Alt1: Separate QCL-Type D RS can be determined from the common TCI state(s) for each of the CCs. The determined QCL-Type D RSs for the set of CCs are further associated with a same QCL-Type D RS.
· Alt2: Single QCL-Type D RS is determined from the common TCI state(s) for set of the CCs , and support enhanced QCL chain:
· Alt.2-1: Support Opt. A only.
· Alt.2-2: Support Opt. B only.
· Alt.2-3: Support both Opt. A and Opt. B.
· Options of the enhanced QCL chain:
· Opt. A: The QCL-Type A TRS and, if any, QCL-Type D TRS, in the same/different CSI-RS resources.
· Opt. B: The QCL-Type A TRS and, if any, QCL-Type D SSB.

[image: ]
Figure 2-1: Example of QCL chain of Alt. 1 (same QCL chain as Rel.15). 
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a) Opt. A                                     b) Opt. B
Figure 2-2: QCL chain of Alt. 2 (Red part is new QCL chain from Rel.15). 

Down-selection between Alt.1 and Alt.2
Alt. 2 has an issue especially in FR1- FR2 CA. Usually, QCL-Type D RS is not configured in FR1. However, Alt.2 forces gNB to configure QCL-Type D RS on PCell/PSCell in FR1, to enable a single QCL-Type D RS across CCs. This has no technical benefit, but unnecessary restriction. Another issue of Alt.2 is in BFD/RLM. Usually, RLM/BFD RS are not RRC configured, and implicitly derived as “QCL-Type D RS of CORESET”, otherwise it is not possible to update RLM/BFD RS by MAC CE). 
· RLM RS: as long as “Single QCL-TypeD RS” is configured on PCell/PSCell, we can derive PCell/PSCell RS as RLM RS. (i.e. no problem)
· BFD RS: if we assume “Single QCL-TypeD RS” is configured on PCell/PSCell, all SCell BFD RSs are implicitly derived as the same PCell/PSCell RS. So, it seems SCell BFR does not work in Alt. 2. (Note: in the QCL chain of Opt.A in Fig.2-2, BFD RSs of all SCells are implicitly derived as TRS on CC#0 (PCell/PSCell).)
The main use-case of SCell BFR is for FR1-FR2 CA. In FR2-FR2 inter-band CA, usually the same QCL-Type D RS is used for PCell/PSCell/SCells, and there is no need to use SCell BFR because PCell/PSCell BF is equivalent to SCell BF. On the other hand, in FR1-FR2 CA, PCell/PSCell BF does not mean SCell BF, and SCell BFR is needed in this case. However, in Alt.2, SCell BFD RS is derived from PCell/PSCell TRS, and gNB cannot recognize SCell BF.
On the other hand, Alt.1 enables to reuse the same QCL chain in Rel.15. The issue above does not exist in Alt.1. Hence, we support Alt.1.
In the previous RAN1 meeting, some companies mentioned that Alt.2 can save UE complexity. However, we don’t understand the reason clearly. Alt.1 also assumes the common “root” SSB as QCL type D source of TRS on each CCs. UE can determine Rx beam based on the “root” SSB reception, based on the UE implementation. TCI state activation timeline in TS38.133 also allows this UE implementation. Based on TS38.133, when UE is indicated new TCI state by MAC CE, UE shall wait next SSB reception to apply the new TCI state, and UE is allowed to wait next root SSB reception to determine Rx beams.

Proposal 2-2:
· For QCL-Type D configuration in common TCI state(s) across a set of CCs, support Alt.1 of proposal 2-1.

2.1 TCI state pool configuration in unified TCI state in CA
Another important discussion point is whether common TCI state pool can be common across CCs or can be separately configured per each CC. There was a good discussion in RAN1#104e meeting, and we believe the common TCI state pool can significantly reduce RRC signaling overhead. As we proposed in Sect. 2.1, separate QCL-Type D RS can be determined from the common TCI state(s) for each CC, and the same TCI state configuration mechanism can be applied to both QCL-Type A RS and QCL-Type D RS.

Proposal 2-3:
· For TCI state pool configuration in common TCI state(s) across a set of CCs, support the following (i.e. Alt.1):
· For joint or separate DL/UL TCI, an RRC TCI state pool is shared among the set of configured CCs 
· For QCL Type-A, the BWP/CC ID for QCL-Type A source RS can be absent in a TCI state. 
· When the BWP/CC ID for QCL-Type A source RS is absent in the TCI state, the BWP/CC ID for QCL-Type A source RS is determined according to a target CC of the TCI state and the corresponding active BWP
· For each applied active BWP per CC, UE uses the corresponding BWP ID + CC ID + QCL TypeA RS source ID to locate the corresponding QCL Type-A source RS
· For QCL Type-D, the BWP/CC ID for QCL-Type D source RS can be absent in a TCI state. 
· When the BWP/CC ID for QCL-Type D source RS is absent in the TCI state, the BWP/CC ID for QCL-Type D source RS is determined according to a target CC of the TCI state and the corresponding active BWP
· For each applied active BWP per CC, UE uses the corresponding BWP ID + CC ID + QCL TypeD RS source ID to locate the corresponding QCL Type-D source RS
· For UL TX spatial reference, a single RS determined according to the UL TCI state (in the shared UL TCI state pool) indicated by a common TCI state ID is used to determine UL TX spatial filter across the set of configured CCs
· Note: UL TCI state pool design is not yet decided
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs

2.2 TPC parameters
For TPC parameters (except for PL-RS), following agreement was made in RAN1#104bis-e.
	Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework, for each of PUSCH, PUCCH, and SRS, in RAN1#105-e, further discuss to down-select or combine from the following alternatives:
1. AltA. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
1. AltB. The setting of (P0, alpha, closed loop index) is also included with UL or (if applicable) joint TCI state
1. AltC. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
Note: It has been agreed that the setting of (P0, alpha, closed loop index) is associated with UL channel or UL RS (therefore the setting is channel- and signal-specific).


We believe the TPC parameters (except for PL-RS) should be associated with (or included in) a UL TCI or joint TCI state. Hence, either Alt. A or Alt. B should be supported. Between Alt. A and Alt. B, we think the difference is only RRC signaling overhead. Since the TPC parameters (except for PL-RS) are also associated with PUCCH/PUSCH/SRS separately, the following information should be associated with or included in a UL TCI state or a joint TCI state:
· TPC parameters (other than PL-RS) for PUCCH
· TPC parameters (other than PL-RS) for PUSCH
· TPC parameters (other than PL-RS) for SRS
If the number of RRC configured UL TCI state or joint TCI state is large, e.g. 64 or 128, RRC signaling overhead of Alt. B would be large. Hence, we support Alt. A as 1st preference. 
Proposal 2-4:
· For UL PC parameters except for PL-RS (P0, alpha, closed loop index) for unified TCI framework,
· Support 	Alt. A (1st preference): The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state.
· Support 	Alt. B (2nd preference): The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state.

For PL-RS, following agreement was made in RAN1#104bis-e.
	Agreement
On Rel.17 unified TCI framework, in RAN1#105-e, further discuss to down select or combine from the following three alternatives for PL-RS (note: the text below is based on the agreed description in RAN1#104-e):
· AltA. PL-RS can be included in UL TCI state (or, if applicable, joint TCI state).
· FFS: Whether it is always included or not. If not included, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state. 
· AltB. PL-RS can be associated with (but not included in) UL TCI state (or, if applicable, joint TCI state)
· FFS: Exact association mechanism
· FFS: Whether it is always associated or not. If not associated, PL-RS is the periodic DL-RS used as a source RS for determining spatial TX filter or the PL RS used for the UL RS in UL or (if applicable) joint TCI state
· AltC. UE calculates path-loss based on periodic DL RS configured as the source RS for determining spatial TX filter in UL or (if applicable) joint TCI state 
· FFS: If a PL RS is not included in or associated with the UL TCI state (or, if applicable, joint TCI state), whether the UE can estimate path-loss based on the PL-RS of an UL RS provided in an UL TCI state (or, if applicable, joint TCI state) as a source RS for determining the spatial TX filter.
In addition:
· FFS (to be decided in RAN1#105-e) whether a fallback scheme is needed and, if so, the details 
· FFS: Support additional UE capability to report whether above PLRS determination mechanism is supported
· Note: As agreed in RAN1#104-e, the total number of maintained PL-RSs per CC is no more than 4
· FFS: investigate the condition(s) agreed in Rel-17 and, if needed, study whether a UE can simultaneously maintain more than four path-loss estimates based on UE capability
· FFS: UE capability for maximum number of active PL-RS across CCs per band
· 


We support Alt. C as the 1st preference. In Alt. C, gNB is not required to configure PL-RS, and UE will automatically derive PL-RS from the spatial Tx filter in UL TCI or joint TCI. However, we admit the benefit of Alt. C compared to Alt. A or Alt. B would be small, e.g. smaller RRC signaling overhead, and some companies has concern to mandate UE to derive PL-RS from configured spatial Tx filter in UL TCI or joint TCI. From our perspective, the most important thing is to select one solution of PL-RS determination, which all UE shall support, to avoid market fragmentation. In that sense, we can support one alternative of any of Alt. A, B, C. 
Proposal 2-5:
· For PL-RS for unified TCI framework, support one solution from any of Alt. A, Alt. B, and Alt. C.
· Strive to select one solution to avoid market fragmentation. 

2.3 TCI state pool switching between joint and separate TCI
We believe there is not much use-case to switch between joint and separate TCI. Hence, semi-static switching between joint and separate TCI is enough.
Proposal 2-6:
· Support semi-static (i.e. RRC or MAC CE) switching between joint and separate TCI 

2.4 The number of indicated TCIs (M, N)
We believe the most typical operation scenario is Single-TRP scenario, and hence, we prefer to prioritize on Single-TRP scenario (i.e. M=N=1). However, we are also fine to discuss for other cases, e.g. Multi-TRP or inter band CA (e.g. M or N>1).
Proposal 2-7:
· Prioritize discussion on Single-TRP scenario (i.e. M=N=1). 
· As second priority, discuss on other scenario, e.g. M or N >1 for Multi-TRP or inter band CA.

2.5 Inter band CA
We think inter band CA should be taken into account for unified TCI framework. In inter band CA, the same TCI may or may not be used across CCs, depending on the band combination or the network deployment. We support the both cases in unified TCI framework in CA, to have flexibility.
Proposal 2-8:
· For unified TCI framework in inter-band CA, support both of the following options.
· Opt.1: Allow to apply the same TCI states for all CCs in inter-band, from signaling perspective
· Opt.2: If max M or N>1, allow different TCI states for different subsets of CCs (e.g. inter-band CC). 

2.6 QCL source RS for unified TCI
We believe allowing SSB as direct QCL-Type D source RS would be useful. On the other hand, we have no clear use-case to allowing SRS as DL QCL source RS, because our assumption is the beam correspondence at UE (i.e. gNB configured DL RS as QCL source RS of UL spatial domain filter). However, we understand other gNB operation might think it as useful, and we have no concern to allow SRS as DL QCL source RS.
Proposal 2-9:
· Support SSB as direct QCL-Type D source RS in unified TCI framework.

2.7 RLM/BFD RS in unified TCI
We need to discuss whether BFD RS/RLM RS can be implicitly updated by DCI in unified TCI framework. In Rel.15/16, usually the BFD/RLM RS was not explicitly configured by RRC, so that UE can derive BFD/RLM RS implicitly by TCI state of a certain CORESET, otherwise it was not possible for gNB to update RLM/BFD RS by MAC CE. 
In unified TCI framework, the common/unified TCI, which is applied to all or subset of CORESETs, can be updated by DCI. Hence, based on the current spec., it means BFD/RLM RS can be updated by the beam indication DCI.
Observation 2-2:
· In Rel.15/16, if RLM/BFD RS is not configured by RRC, RLM/BFD RS is implicitly derived from TCI state of a certain CORESET.
· In unified TCI framework, TCI state of all or subset of CORESETs can be updated by DCI.
· This means BFD/RLM RS can be updated by DCI, based on the current spec.

However, we believe the monitoring RS for BFD/RLM should be selected from L2 or L3 level signaling, rather than L1 dynamic signaling. Hence, the discussion would be needed.

Proposal 2-10:
· For RLM/BFD RS in unified TCI framework, discuss from the following options:
· Opt.1: if RLM/BFD RS is not configured, RLM/BFD RS can be implicitly derived from TCI state of a certain CORESET (same as R15/16).
· Opt. 1-1: RLM/BFD RS can be updated by DCI, if the unified TCI, which applies to the CORESET, is updated by DCI.
· Opt. 1-2: RLM/BFD RS can NOT be updated by DCI, i.e. modify the implicit determination rule of RLM/BFD RS and make an exception of CORESETs whose QCL is updated by DCI.
· Opt.2: introduce new MAC CE to update RLM/BFD RS explicitly.

[Issue2] L1/L2-centric inter-cell mobility 
3.1 QCL relation for non-serving cell
The purpose of the L1/L2-centric inter-cell mobility is to allow inter PCI dynamic point selection in DCI or MAC CE by using beam management framework, as illustrated in Figure 3-1. In this case, the UE would only receive from one TRP at a time. We assume the specification impact to specify this is small, i.e. just by defining non-serving cell SSB as QCL source RS of TRS/CSI-RS. The allowed QCL relations in section 5.1.5 in TS38.214 would stay intact, and we don’t need to change existing QCL relation of DMRS for PDSCH/PDCCH, e.g., SSB is QCL-Type D source of CSI-RS/TRS, and the CSI-RS/TRS is QCL-Type D source of PDCCH/PDSCH DMRS. Additionally, since we support SSB as direct QCL-Type D source of unified TCI state, we also support non-serving SSB as direct QCL-Type D source of unified TCI state. 
Proposal 3-1:
· To allow that non-serving cell RSs are used as QCL source for non-serving cell PDCCH/PDSCH DMRS. Support both of the following:
· Non-serving cell SSB is QCL-Type D source of non-serving cell CSI-RS/TRS, and the non-serving cell CSI-RS/TRS is QCL-Type D source of non-serving cell PDCCH/PDSCH DMRS.
· Non-serving cell SSBs can be direct QCL-Type D source of unified TCI state.
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Figure 3-1 Purpose of the L1/L2-centric inter-cell mobility (dynamic inter PCI point selection).

3.2 The number of configurable non-serving cells in a CC
To support TCI state configuration associated with non-serving cell, one simple option is to configure PCI directly in QCL/TCI state. However, configuring PCI directly in QCL/TCI state has large RRC overhead. One PCI has 10-bit in RRC signaling. If we have 64 TCI states configurations from non-serving cell, it costs 640-bit. In addition, when we configure non-serving SSB in L1 beam measurement/reporting, each CMR of non-serving SSB will cause 10-bits. The total overhead will be quite large. On the other hand, we can re-index PCI to a new ID, and we can configure the new ID in the QCL/TCI state/CMR instead. With the new ID, if there is only one non-serving cell, new ID of 1-bit is sufficient to indicate the non-serving cell, and new ID of 2-bit is sufficient to indicate up to 3 non-serving cells. Re-indexing the PCI to the new ID saves large signaling overhead. 
Proposal 3-2:
· For L1/L2-centric inter cell mobility, introduce a new indicator (e.g., re-index the non-serving cell IDs) to indicate the non-serving cell information that a TCI state/QCL information is associated with. 
· The higher layer signaling configures the linkage between PCI and the new indicator.
· The bit size of the new indicator can be determined by how many number of non-serving cells is supported in a CC.

Considering the purpose of the L1/L2-centric inter-cell mobility, it is more desirable to support more than 1 non-serving cells, otherwise the use-case will be quite limited.
Proposal 3-3:
· For L1/L2-centric inter cell mobility, support to configure at least 3 non-serving cells in a CC. 
· Note: the 2-bit new indicator can be used to indicate one out of 3 non-serving cell + 1 serving cell.

3.3 Beam measurement/reporting for non-serving cell
To ensure inter-cell mobility, beam management should be performed on the non-serving cell. So, that gNB can configure appropriate QCL from non-serving cell for PDCCH/PDSCH transmission. L3 measurement/reporting is not sufficient in that case, hence, non-serving cell SSB should be also configured for L1 beam measurement/reporting. Since UE should be able to identify the measured beam is associated with which non-serving cell ID, the information of non-serving cell IDs can be included in CMR. As we proposed in above, the new indicator (e.g., re-index the non-serving cell IDs) can be included in CMR, instead of direct PCI.
Proposal 3-4:
· Support configuration of non-serving cell SSB for L1 beam measurement/reporting.
· Configure a new indicator (e.g., re-index the non-serving cell IDs), instead of direct PCI, in CMR to indicate the non-serving cell information that the CMR is associated with. 

3.4 Configuration of non-serving cell in UL TCI or spatial relation
It is also reasonable to configure the non-serving SSB as QCL source RS with existing QCL relation for UL SRS, PUCCH, and PUSCH transmission. As we propose in sect. 2, we also support to configure SSB as direct QCL source RS of unified TCI state.
Proposal 3-5:
· Support configuration of non-serving cell SSB as QCL source RS of spatial relation for UL SRS, PUCCH, and PUSCH transmission.
· Support configuration of non-serving cell SSB as direct QCL source RS of unified TCI state.

3.5 Rate matching around non-serving cell SSB
In M-TRP inter-cell in RAN1#104-e meeting, it has been agreed that PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around non-serving cell SSB with the same PCI. But the rate matching between serving cell and non-serving cell is still FFS. In our understanding, rate matching of PDSCH/PDCCH around SSB is only needed within the same cell, and there is no need to consider rate matching across cells, which would decrease resource efficiency.
Proposal 3-6:
· Do not support PDSCH /PDCCH from serving cell (or non-serving cell) rate matched around non-serving cell (or serving cell) SSB with different PCIs.

[Issue3] Signaling of unified TCI framework

4.1 Beam application timing (BAT) for DCI formats with DL assignment
In RAN1#104e meeting, following agreement was made. We assume the following agreement is for DCI format with DL assignment. 
	Agreement
On Rel.17 DCI-based beam indication, regarding application time of the beam indication: if beam indication is successfully received and the newly indicated beam in the beam indication is different from the previously indicated beam, down-select (no later than RAN1#105-e) one from the following. No other alternatives will be considered:
· Alt1: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the DCI with the joint or separate DL/UL beam indication
· Alt2A: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication 
· Alt 2B: the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication, except that the (new) TCI state update can be applied to the PDSCH, if it exists, (scheduled by the beam indication DCI) and corresponding ACK transmission (provided that the time offset between the DCI and the scheduled PDSCH exceed the threshold, analogous to Rel.15/16) 
· Alt2C: Support both Alt1 and Alt2A, and introduce a UE capability that indicates the support of Alt1 or Alt2A
· Alt3: the first slot that is at least X1 ms or Y1 symbols after the [first/last] symbol of the DCI with beam indication and X2 ms or Y2 symbols after the [first/last] symbol of the acknowledgment of the beam indication
· FFS: whether any existing timing defined for DCI based TCI/spatial relation update can be used for X/Y


Alt. 1 enables faster beam application, however, Alt. 1 has an issue of potential misalignment of the beam assumption between gNB and UE. As illustrated in Figure 4-1, if the beam indication DCI is missed, gNB updates the assumption of the unified TCI state, but UE does not know even the beam indication DCI comes or not, and hence, UE monitors DCI on previous beam. In this case, the misalignment of the bam assumption happens. Since the error requirement of PDCCH detection is 1%, this issue happens in 1% probability, which we cannot ignore from system perspective. 
Observation 4-1:
· For the beam application timing, Alt.1 (beam application after beam indication DCI) has an issue of misalignment of the beam assumption of upcoming DCI between gNB and UE.
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Figure 4-1.  Issue of Alt. 1 (beam application after beam indication DCI).

On the other hand, Alt. 2A and Alt. 2B are more reliable. In Alt.2A/2B, the unified TCI assumption is updated after the acknowledgement, the misalignment issue does not happen. One disadvantage of Alt. 2A compared to Alt.1 is the latency of the beam application to the scheduled PDSCH and corresponding HARQ transmission. In Alt.2A, the beam indication DCI indicates the new TCI, but it is not applied to the scheduled PDSCH and corresponding HARQ transmission. This is latency degradation from Rel.15/16 DCI level beam indication. In Alt.2B, this issue is solved, i.e. the indicated TCI is applied to the scheduled PDSCH and corresponding HARQ transmission in advance, before updating the unified TCI. In this case, if the beam indication DCI is missed, UE does not receive PDSCH and transmits HARQ, hence the issue of observation 4-1 does not exist. Alt 2B is more preferable than Alt 2A, because the beam indication DCI can update the TCI of the scheduled PDSCH and corresponding HARQ transmission. Figure 4-2 illustrates the behavior of Alt.2B. 
Proposal 4-1:
· For the beam application timing, support either Alt. 2A or Alt.2B 
· Alt2A (2nd priority): the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication 
· Alt 2B (1st priority): the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication, except that the (new) TCI state update can be applied to the PDSCH, if it exists, (scheduled by the beam indication DCI) and corresponding ACK transmission (provided that the time offset between the DCI and the scheduled PDSCH exceed the threshold, analogous to Rel.15/16).
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Figure 4-2.  New beam is applied to PDSCH/HARQ before updating the unified TCI state in Alt.2B.

[Issue 4] Fast UL panel selection
	Agreement
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, for CSI/beam measurement/reporting, down select and/or modify from the following candidates:
1. Opt1-1: A panel entity corresponds to a reported CSI-RS and/or SSB resource index in a beam reporting instance
0. The correspondence between a panel entity and a reported CSI-RS and/or SSB resource index is informed to NW
0. FFS: How to inform through CSI/beam reporting framework
0. FFS: Detailed design of the correspondence including the conveyed information 
0. 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)
1. Opt1-2: A panel entity is referring to a new panel ID within CSI/beam reports
1. FFS: Detailed design of the new panel ID including the information conveyed by the new panel ID
1. Note: The association between the new panel ID and the panel entity is determined by the UE
1. Opt1-3: No additional specification support
1. 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
On Rel.17 enhancements for MPUE, investigate and, if needed, specify the following:
1. UE reporting of panel-specific information as a UE capability, for example:
0. Information related to the total number of DL/UL panel entities
0. Information related to the number of (max) antenna ports/layers per panel entity
0. Information related to the maximum number of resources per panel entity for SRS BM
0. Information related to panel selection delay
0. Information related to panel activation delay 
1. UE reporting information related to minimal activation/selection delay for a panel based on L1 or L2 signaling
1. 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
2. FFS: details of this information (e.g. minimal activation/selection delay for a panel) and signaling (e.g. L1 or L2 signaling)
1. UE-reported information in MPE report (if supported) is used to indicate the minimal activation/selection delay and panel activation/selection status 
1. Note: above ‘panel entity’ is a logical entity and how to map physical panels to the logical entities is up to UE implementation
1. Note: This will depend on the final outcome of whether specification support for UE-initiated panel activation/selection is agreed 

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



It was agreed that correspondence between a CSI-RS/SSB and a panel entity is determined by UE. It is beneficial to maintain common understanding between gNB and UE on the correspondence between panels and RS resources. It was agreed in RAN1#102e meeting that UE panels can constitute different number of antenna ports, number of beams, and EIRP. With the information of correspondence between panels and RS resources, gNB can make proper configuration for UL Tx. For example, if a panel with 2 antenna ports is used by UE for measurement/reporting of a RS resource, gNB can configure UL Tx with max number of antenna ports equal to 2 if this RS is used as source RS for UL Tx spatial relation. While if a panel with 4 antenna ports is used, gNB can configure UL Tx with max number of antenna ports equal to 4. To maintain common understanding between gNB and UE, for each RS, UE can report the panel used for RS measurement/reporting to gNB. A new ID representing UE panel can be reported in CSI/beam reporting for each CRI/SSBRI. Whether multiple L1-RSRP/L1-SINR measured by multiple panels can be reported for each RS needs to be further studied.
Proposal 5-1: 
1. Support Option1-2. New ID representing UE panel is reported in CSI/beam reporting for each CRI/SSBRI.
1. Further study whether multiple L1-RSRP/L1-SINR measured by multiple panels can be reported for each RS.
It was agreed to further study whether to support UE reporting of panel state. From our perspective, it is beneficial to align the information of UE panel states between UE and gNB. As analyzed above, since UE panels can constitute different number of antenna ports, number of beams, and EIRP, with the information of UE panel state, gNB can make proper configuration of antenna ports, beams, power control for UL Tx. Furthermore, without the information aligned, if a panel is inactive and not aware of by gNB, gNB may configure improper beam for UL Tx, e.g., gNB may expect UL Tx with beams from an inactive panel. And if a panel is activated by UE and not aware of by gNB, gNB may not configure optimum beam for UL Tx if the optimum beam is from an active panel unaware by gNB. Thus, UE shall report panel state, e.g., active/inactive, to gNB. The report of panel states can be transmitted via MAC CE and triggered by UE, e.g., a report is triggered when a panel is activated/deactivated by UE. Furthermore, UE behaviour on an active/inactive panel needs to be studied. For an inactive UE panel, it needs to be further studied whether the panel is inactive for both UL Tx and DL Rx, or the panel is inactive only for UL Tx while can be active for DL Rx. 
Proposal 5-2: 
1. Support UE to report panel state (e.g., active/inactive) to gNB. 
1. The report of panel state can be triggered by UE and reported via MAC CE.
It was agreed to further study whether to support CB based SRS resources with different number of ports. Since different panels may constitute of different number of ports, to support dynamic switching between different panels, CB SRS resources with different number of ports should be supported. And following alternatives can be considered.
1. Alt.1. Different SRS resources in an SRS resource set can be configured with different number of ports. 
1. Alt.2. Multiple SRS resources are configured for multiple panels. SRS resources in the same resource set are configured with the same number of ports. SRS resources in different resource sets can be configured with different number of ports.
With Alt.1, different SRS resources in the same SRS resource set may correspond to different panels. In Rel-16, power control parameters of SRS are configured per SRS resource set. Thus, if different panels may need different power control parameters, with Alt.1, configuring power control parameters per SRS resource needs to be further studied. With Alt.2, enhancement on SRI field in DCI needs to be further studied.
Proposal 5-3: 
1. Support CB SRS resources configured with different number of ports. Following alternative can be considered.
30. Alt.1. Different SRS resources in an SRS resource set can be configured with different number of ports. 
30. Alt.2. Multiple SRS resources are configured for multiple panels. SRS resources in the same resource set are configured with the same number of ports. SRS resources in different resource sets can be configured with different number of ports.

[Issue 5] MPE mitigation
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, in RAN1#105-e, further discuss to down-select at least one or combine from the following options:
1. Opt 1A. {Rel.16 P-MPR based (beam/panel-level)} + Virtual PHR or a modified version 
0. 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.
0. The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
0. FFS: how to determine the virtual PHR or the modified version.
1. Opt 1D. {Rel.16 P-MPR based (beam/panel-level)}
1. The reporting reuses the event-driven mechanisms from the Rel-16 P-MPR reporting
1. 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)
2. FFS: How panel-level L1-RSRP [L1-SINR] is reported if L1-RSRP [L1-SINR] is associated with panel
2. FFS: Whether/how to account for MPE effect in L1-RSRP [L1-SINR] report, e.g. by using scaled L1-RSRP [L1-SINR]
2. FFS: Whether/how to enhance existing beam reporting format to support Option 2A
2. 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 
2. FFS: Whether the reporting is UE-initiated (event-driven) and/or NW-initiated
2. 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


For MPE mitigation, it was agreed to down-select from option1A/option1D/option2A.
For option1A/1D, compared to beam-level PMPR, panel-level PMPR is preferred since it is sufficient and requires less overhead. Regarding report quantity in additional to panel-level PMPR, considering that the information of pathloss of each UL beam is also important for UL beam selection, beam-level virtual PHR can be reported and pathloss of each beam can be counted in the virtual PHR. Thus, option1A is preferred. With option1A, reporting virtual PHR per UL TCI is preferred so that the power control parameters associated with each UL TCI state can be used to compute the virtual PHR. On the other hand, if virtual PHR per SSBRI/CRI is reported, how to select the reported SSBRI/CRI and how to assume power control parameter in virtual PHR computing for each SSBRI/CRI need to be further studied, which is more complicated.
For option2A, a modified version of L1-RSRP for MPE associated with each SSBRI/CRI can be reported so that MPE effect can be taken into account in UL beam selection. L1 beam reporting framework can be reused for option2A and the report can be configured/triggered by NW. Furthermore, both separate UL beam reporting, and joint UL and DL beam reporting in the same report can be supported and used in different cases. Separate UL beam reporting can be used when only UL beam reporting is needed, e.g., UL beam reporting is triggered when MPE happens, or when different reporting configurations or resource configurations are needed for UL and DL beam reporting. While joint UL and DL beam reporting in the same report can be used when reporting configurations and resource configurations can be shared for UL and DL beam reporting. Whether UL beam reporting is separate or in the same report with DL beam reporting can be configured by NW.
From our perspective, both option1A and option2A can be supported. With option1A, event triggered report when MPE issue occurs at UE can be supported, which is beneficial for fast panel switching when sudden MPE event happens. With option2A, periodic/semi-persistent/aperiodic report of best UL beams can be configured by NW.
Proposal 6-1: 
1. To facilitate MPE mitigation, support both optoin1A and option2A:
31. Option 1A: panel level PMPR report + modified version of virtual PHR associated with each UL TCI, or if applicable, joint TCI
31. Option 2A: SSBRI/CRI + modified version of L1-RSRP accounts for MPE effect associated with each SSBRI/CRI. The report can be configured/triggered by NW reusing L1 beam reporting framework.

[Issue 6] Another category
Following agreement was made in RAN1#104bis-e. 
	Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, perform study (for the purpose of down-selection and/or combining) and, if needed, specify the following candidate schemes from Group 1:
· Opt 1-1A: Beam measurement/reporting/refinement/selection triggered by beam indication (without CSI request)
· Opt 1-1B: UE-initiated beam selection/activation based on beam measurement (without beam indication or activation from NW)
· Opt 1-2: Semi-static NW-configured beam selection (without beam indication and measurement/reporting)
· Opt 1-3: SSB grouping to reduce beam training 
· Opt 1-4: Aperiodic beam measurement/reporting based on multiple resource sets for reducing beam measurement latency
· Note: Aim for at most one solution for Group 1 in Rel-17 to address issue 6

Agreement
On Rel.17 enhancements to facilitate advanced beam refinement/tracking, perform study (for the purpose of down-selection and/or combining) and, if needed, specify the following candidate schemes from Group 2:
· Opt 2-1A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-1B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-1C: Latency reduction for MAC CE based PUCCH resource/resource group activation
· Opt 2-2: Direct SCell TCI state activation
· Opt 2-3: Replacing RRC-based with MAC CE (or DCI) based for DL QCL or UL information update
· Opt 2-4: One-shot timing update for TCI state update
· Note: Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Note: At least for Opt 2-1A/B, 2-2, and 2-4, RAN2 and RAN4 will at least have to be involved (some may be exclusively RAN2 and/or RAN4 work) 



7.1 Group1: Low latency/overhead beam management for high-speed UEs
In high-speed UEs, e.g. in High Speed Train (HST) scenario, the appropriate beam is changed quickly, due to UE’s movement. In such a scenario, to update the QCL assumption, the current spec. requires beam measurement, beam reporting, and beam indication. However, since the UE speed is high, the above procedure should be done frequently, and it has large overhead of CSI reporting and signaling.
If we consider the HST scenario or high way scenario, the beam transition is predictable at gNB based on the deployment, as illustrated in Figure 7-1. 
Observation 7-1:
· The beam transition is predictable at gNB in HST scenario, based on the deployment.

[image: ]
Figure 7-1 the beam transition is predictable in e.g. HST scenario.

In such a scenario, we can omit current beam management procedure of beam reporting and beam indication. For example, the beam transition information is higher layer configured (illustrated in figure 7-2), then UE can blindly update the QCL assumption based on the beam measurement (illustrated in figure 7-3). 
Proposal 7-1:
· To reduce overhead of beam reporting and beam indication in HST scenario, consider the following mechanism (i.e. Opt 1-2 of RAN1#104bis-e agreement).
· Beam transition information is high layer configured.
· UE blindly updates QCL assumption based on the beam measurement.
· Note: beam reporting and beam indication can be omitted.  
[image: ]
Figure 7-2 example of configuration of beam transition.

[image: ]
Figure 7-3 UE blindly detects the beam change by the beam measurement in HST.

7.3 Group2: TCI state activation delay
In TS38.133, TCI state activation delay is specified. Based on TS38.133, UE needs to wait for the reception of the SSB corresponding to the activated TCI state, even the TCI state is “known”. Here, the SSB periodicity is typically 20ms, this activation delay will be dominant in most of cases in the beam management delay. We believe it is also important to inform the issue and solution to RAN4.
Proposal 7-2: 
· Support Opt 2-1A of group 2 in RAN1#104bis-e agreement.
· UE can be configured to store the QCL properties of the root SSB (i.e. QCL-Type D SSB of QCL-Type D RS of the TCI state for PDCCH), so that UE does not need to wait for the reception of the next SSB corresponding to the activated TCI state.
· If the QCL properties of the root SSB associated with the newly activated TCI state is already stored, UE updates TCI state assumption without waiting the next SSB reception.
· Send LS to RAN4 to inform the issue and the solution.

Conclusion
In this contribution, we discussed the enhancements on beam management. Based on the discussion, we made the following proposals.
Observation 2-1:
· In Rel.15 TCI state configuration, the common QCL-Type D RS across multiple CCs is allowed only when QCL-Type D RS is CSI-RS with repetition. 
Proposal 2-1:
· For QCL-Type D configuration in common TCI state(s) across a set of CCs (that is associated with the same gNB beam):
· Alt1: Separate QCL-Type D RS can be determined from the common TCI state(s) for each of the CCs. The determined QCL-Type D RSs for the set of CCs are further associated with a same QCL-Type D RS.
· Alt2: Single QCL-Type D RS is determined from the common TCI state(s) for set of the CCs , and support enhanced QCL chain:
· Alt.2-1: Support Opt. A only.
· Alt.2-2: Support Opt. B only.
· Alt.2-3: Support both Opt. A and Opt. B.
· Options of the enhanced QCL chain:
· Opt. A: The QCL-Type A TRS and, if any, QCL-Type D TRS, in the same/different CSI-RS resources.
· Opt. B: The QCL-Type A TRS and, if any, QCL-Type D SSB.

Proposal 2-2:
· For QCL-Type D configuration in common TCI state(s) across a set of CCs, support Alt.1 of proposal 2-1.
Proposal 2-3:
· For TCI state pool configuration in common TCI state(s) across a set of CCs, support the following (i.e. Alt.1):
· For joint or separate DL/UL TCI, an RRC TCI state pool is shared among the set of configured CCs 
· For QCL Type-A, the BWP/CC ID for QCL-Type A source RS can be absent in a TCI state. 
· When the BWP/CC ID for QCL-Type A source RS is absent in the TCI state, the BWP/CC ID for QCL-Type A source RS is determined according to a target CC of the TCI state and the corresponding active BWP
· For each applied active BWP per CC, UE uses the corresponding BWP ID + CC ID + QCL TypeA RS source ID to locate the corresponding QCL Type-A source RS
· For QCL Type-D, the BWP/CC ID for QCL-Type D source RS can be absent in a TCI state. 
· When the BWP/CC ID for QCL-Type D source RS is absent in the TCI state, the BWP/CC ID for QCL-Type D source RS is determined according to a target CC of the TCI state and the corresponding active BWP
· For each applied active BWP per CC, UE uses the corresponding BWP ID + CC ID + QCL TypeD RS source ID to locate the corresponding QCL Type-D source RS
· For UL TX spatial reference, a single RS determined according to the UL TCI state (in the shared UL TCI state pool) indicated by a common TCI state ID is used to determine UL TX spatial filter across the set of configured CCs
· Note: UL TCI state pool design is not yet decided
· FFS: Whether it is possible that a single TCI state in the pool includes all source RSs from different CCs
Proposal 2-4:
· For UL PC parameters except for PL-RS (P0, alpha, closed loop index) for unified TCI framework,
· Support 	Alt. A (1st preference): The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state.
· Support 	Alt. B (2nd preference): The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state.
Proposal 2-5:
· For PL-RS for unified TCI framework, support one solution from any of Alt. A, Alt. B, and Alt. C.
· Strive to select one solution to avoid market fragmentation. 
Proposal 2-6:
· Support semi-static (i.e. RRC or MAC CE) switching between joint and separate TCI 
Proposal 2-7:
· Prioritize discussion on Single-TRP scenario (i.e. M=N=1). 
· As second priority, discuss on other scenario, e.g. M or N >1 for Multi-TRP or inter band CA.
Proposal 2-8:
· For unified TCI framework in inter-band CA, support both of the following options.
· Opt.1: Allow to apply the same TCI states for all CCs in inter-band, from signaling perspective
· Opt.2: If max M or N>1, allow different TCI states for different subsets of CCs (e.g. inter-band CC). 
Proposal 2-9:
· Support SSB as direct QCL-Type D source RS in unified TCI framework.
Observation 2-2:
· In Rel.15/16, if RLM/BFD RS is not configured by RRC, RLM/BFD RS is implicitly derived from TCI state of a certain CORESET.
· In unified TCI framework, TCI state of all or subset of CORESETs can be updated by DCI.
· This means BFD/RLM RS can be updated by DCI, based on the current spec.
Proposal 2-10:
· For RLM/BFD RS in unified TCI framework, discuss from the following options:
· Opt.1: if RLM/BFD RS is not configured, RLM/BFD RS can be implicitly derived from TCI state of a certain CORESET (same as R15/16).
· Opt. 1-1: RLM/BFD RS can be updated by DCI, if the unified TCI, which applies to the CORESET, is updated by DCI.
· Opt. 1-2: RLM/BFD RS can NOT be updated by DCI, i.e. modify the implicit determination rule of RLM/BFD RS and make an exception of CORESETs whose QCL is updated by DCI.
· Opt.2: introduce new MAC CE to update RLM/BFD RS explicitly.
Proposal 3-1:
· To allow that non-serving cell RSs are used as QCL source for non-serving cell PDCCH/PDSCH DMRS. Support both of the following:
· Non-serving cell SSB is QCL-Type D source of non-serving cell CSI-RS/TRS, and the non-serving cell CSI-RS/TRS is QCL-Type D source of non-serving cell PDCCH/PDSCH DMRS.
· Non-serving cell SSBs can be direct QCL-Type D source of unified TCI state.
Proposal 3-2:
· For L1/L2-centric inter cell mobility, introduce a new indicator (e.g., re-index the non-serving cell IDs) to indicate the non-serving cell information that a TCI state/QCL information is associated with. 
· The higher layer signaling configures the linkage between PCI and the new indicator.
· The bit size of the new indicator can be determined by how many number of non-serving cells is supported in a CC.
Proposal 3-3:
· For L1/L2-centric inter cell mobility, support to configure at least 3 non-serving cells in a CC. 
· Note: the 2-bit new indicator can be used to indicate one out of 3 non-serving cell + 1 serving cell.
Proposal 3-4:
· Support configuration of non-serving cell SSB for L1 beam measurement/reporting.
· Configure a new indicator (e.g., re-index the non-serving cell IDs), instead of direct PCI, in CMR to indicate the non-serving cell information that the CMR is associated with. 
Proposal 3-5:
· Support configuration of non-serving cell SSB as QCL source RS of spatial relation for UL SRS, PUCCH, and PUSCH transmission.
· Support configuration of non-serving cell SSB as direct QCL source RS of unified TCI state.
Proposal 3-6:
· Do not support PDSCH /PDCCH from serving cell (or non-serving cell) rate matched around non-serving cell (or serving cell) SSB with different PCIs.
Observation 4-1:
· For the beam application timing, Alt.1 (beam application after beam indication DCI) has an issue of misalignment of the beam assumption of upcoming DCI between gNB and UE.
Proposal 4-1:
· For the beam application timing, support either Alt. 2A or Alt.2B 
· Alt2A (2nd priority): the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication 
· Alt 2B (1st priority): the first slot that is at least X ms or Y symbols after the [first/last] symbol of the acknowledgment of the joint or separate DL/UL beam indication, except that the (new) TCI state update can be applied to the PDSCH, if it exists, (scheduled by the beam indication DCI) and corresponding ACK transmission (provided that the time offset between the DCI and the scheduled PDSCH exceed the threshold, analogous to Rel.15/16).
Proposal 5-1: 
1. Support Option1-2. New ID representing UE panel is reported in CSI/beam reporting for each CRI/SSBRI.
1. Further study whether multiple L1-RSRP/L1-SINR measured by multiple panels can be reported for each RS.
Proposal 5-2: 
1. Support UE to report panel state (e.g., active/inactive) to gNB. 
1. The report of panel state can be triggered by UE and reported via MAC CE.
Proposal 5-3: 
1. Support CB SRS resources configured with different number of ports. Following alternative can be considered.
65. Alt.1. Different SRS resources in an SRS resource set can be configured with different number of ports. 
65. Alt.2. Multiple SRS resources are configured for multiple panels. SRS resources in the same resource set are configured with the same number of ports. SRS resources in different resource sets can be configured with different number of ports.
Proposal 6-1: 
1. To facilitate MPE mitigation, support both optoin1A and option2A:
66. Option 1A: panel level PMPR report + modified version of virtual PHR associated with each UL TCI, or if applicable, joint TCI
66. Option 2A: SSBRI/CRI + modified version of L1-RSRP accounts for MPE effect associated with each SSBRI/CRI. The report can be configured/triggered by NW reusing L1 beam reporting framework.
Observation 7-1:
· The beam transition is predictable at gNB in HST scenario, based on the deployment.
Proposal 7-1:
· To reduce overhead of beam reporting and beam indication in HST scenario, consider the following mechanism (i.e. Opt 1-2 of RAN1#104bis-e agreement).
· Beam transition information is high layer configured.
· UE blindly updates QCL assumption based on the beam measurement.
· Note: beam reporting and beam indication can be omitted.  
Proposal 7-2: 
· Support Opt 2-1A of group 2 in RAN1#104bis-e agreement.
· UE can be configured to store the QCL properties of the root SSB (i.e. QCL-Type D SSB of QCL-Type D RS of the TCI state for PDCCH), so that UE does not need to wait for the reception of the next SSB corresponding to the activated TCI state.
· If the QCL properties of the root SSB associated with the newly activated TCI state is already stored, UE updates TCI state assumption without waiting the next SSB reception.
· Send LS to RAN4 to inform the issue and the solution.
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