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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.
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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). 

In proposal 2-1, our preference is Alt.1, considering consistency with Rel.15 QCL chain and the minimum spec. impact.

2.2 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 2-2:
· 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

2.3 TPC parameters
For TPC parameters (except for PL-RS), following agreement was made in RAN1#104e.
	Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework: 
· The setting of (P0, alpha, closed loop index) is at least associated with UL channel or UL RS
·  Select or modify from one of the following alternatives by RAN1#104bis-e for PUCCH, PUSCH, and SRS separately:
· Alt1. The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state
· Alt2. The setting of (P0, alpha, closed loop index) is included with UL or (if applicable) joint TCI state
· Alt3. The setting of (P0, alpha, closed loop index) is neither associated with nor included in UL or (if applicable) joint TCI state
· Alt4. The setting of (P0, alpha, closed loop index) is determined as in Rel-16 without enhancement


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. 1 or Alt. 2 should be supported. Between Alt.1 and Alt. 2, we think the difference is only RRC 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 overhead of Alt.2 would be large. Hence, we support Alt.1. 
Proposal 2-3:
· For UL PC parameters except for PL-RS (P0, alpha, closed loop index) for unified TCI framework,
· Support 	Alt1: 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#104e.
	Agreement
On Rel.17 unified TCI framework:
· Select at least one of the following alternatives by RAN1#104bis-e for path-loss measurement (PL-RS): 
· Alt1. 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.  
· Alt2. 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
· Alt3. The periodic DL-RS used as a source RS for determining spatial TX filter can be used as PL-RS. In case the periodic DL-RS used as a source RS for determining spatial TX filter is not used as PL-RS, reuse Rel.16 procedure with the same signaling structure (MAC CE+SRI field in UL-related DCI) to indicate PL-RS for UL transmission with minimum enhancement (e.g. pertaining to the use for PUCCH, or using default PL-RS) 
· PL-RS is not additionally configured in or associated to UL TCI state or (if applicable) joint TCI state
· Alt4. UE calculates path-loss based on periodic DL RS configured as the source RS or a periodic QCL-Type-D/spatialRelationInfo source of the source RS in UL TCI state or (if applicable) joint TCI state 
· FFS: Whether UE can calculate path-loss based on DL periodic RS for path-loss calculation for UL RS in the UL TCI
· FFS: Application time of PL-RS
· NOTE: As in Rel-16, a UE does not expect to simultaneously maintain more than four path-loss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions 
· 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


We believe PL-RS should be associated with (or included in) a UL TCI or joint TCI state, to align PL-RS with RS used for UL spatial filter determination. If PL-RS is not explicitly configured, the DL-RS used as a source RS for UL spatial domain filter can be used, as similar as Rel.16 default PL-RS feature. As long as we define the default PL-RS (i.e. PL-RS assumption, if not configured) we don’t see much difference between Alt. 1 and Alt.2. Hence, we propose the following. 
Proposal 2-4:
· For PL-RS for unified TCI framework, support either Alt. 1 or Alt. 2 with the following modification
· Alt1: 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.  
· Alt2. 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

2.4 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 2-5:
· Support semi-static (i.e. RRC or MAC CE) switching between joint and separate TCI 

2.5 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 2-6:
· 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.

2.6 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 2-7:
· 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). 

2.7 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 2-8:
· Support SSB as direct QCL-Type D source RS in unified TCI framework.

2.8 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 2-9:
· 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 New DCI format without DL assignment for beam indication
We believe it is useful to introduce the beam indication DCI without DL assignment. The one use-case is to indicate the common TCI when there is no DL data. Another use-case is to indicate UL TCI in separate UL/DL TCI and/or multiple TCIs (e.g. M or N >1). Hence, we support the new DCI format without DL assignment for beam indication. However, we don’t prefer to increase the number of blind detection (BD) to detect the new DCI format without DL assignment. Hence, the new DCI format should be the same DCI size as one of existing DCI format(s). Since we already agree to use DCI format 1_1/1_2 with DL assignment to indicate the unified TCI, it is straightforward to use the DCI format 1_1/1_2 as the new DCI format without DL assignment. 
It is also important to have the common understanding of the current unified TCI assumption between gNB and UE, and hence, it is necessary to introduce ACK mechanism as the response to the new DCI format without DL assignment. We should support ACK mechanism for both type-1 and type-2 HARQ-ACK codebook. 
For the HARQ timing, we can use PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI.
Proposal 4-1:
· For beam indication in unified TCI, support DCI format 1_1/1_2 without DL assignment.
· Note: the DCI size is the same as existing DCI format 1_1/1_2.
· In case of a successful reception of the DCI, the UE reports an ACK.
· Support ACK/NACK with both type-1 and type-2 HARQ-ACK codebook:
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI

Since the DCI size of the new DCI format without DL assignment and the existing DCI format with DL assignment is the same, UE should be able to differentiate the DCI formats. 
Proposal 4-2:
· To differentiate the DCI format with DL assignment or without DL assignment, down-select from the following:
· Alt.1 introduce the new RNTI for CRC scrambling.
· Alt.2 introduce the new DCI field for DCI format indication.
· Alt.3 differentiate by the special combination of special DCI fields.

In the new DCI format 1_1/1_2 without DL assignment, some DCI fields for PDSCH scheduling are not used. The unused DCI field can be used to indicate other purposes, e.g. indication of the UL TCI in separate UL/DL TCI, or indication of M or N >1 TCIs for Multi-TRP or inter band CA. 
Proposal 4-3:
· For the new DCI format 1_1/1_2 without DL assignment, re-use the unused DCI field(s), i.e. DCI field which is used for PDSCH scheduling and not used for the beam indication and HARQ-ACK transmission, for other purposes, 
· E.g., as indication of the UL TCI in separate UL/DL TCI, or indication of M or N >1 TCIs for Multi-TRP or inter band CA.

For the beam application timing (BAT) of the new DCI format 1_1/1_2 without DL assignment, we believe it is quite reasonable to update the unified TCI after the HARQ-ACK to the beam indication DCI.
Proposal 4-4:
· For the new DCI format 1_1/1_2 without DL assignment, the DCI-indicated unified TCI state is applied after UE transmits ACK to the beam indication DCI.

4.2 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. Figure 4-2 illustrates the behavior of Alt.2B. 
Proposal 4-5:
· For the beam application timing, support either Alt. 2A or Alt.2B 
· 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).

[image: ]
Figure 4-2.  New beam is applied to PDSCH/HARQ before updating the unified TCI state in Alt.2B.

4.3 Other issues related to the previous agreements
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured


We believe it is important to discuss default TCI state in unified TCI framework. This is highly related to the discussion of application timing of unified TCI, we suggest discussing this right after application timing is agreed. 
Proposal 4-6:
· For unified TCI framework, after application timing is agreed, discuss default TCI state of the unified TCI framework.

4.4 Other issue: TRS/CSI-RS monitoring associated to the de-active common TCI
In TS38.133, scheduling restriction/availability is specified, and UE cannot receive PDSCH whose QCL-Type D is different from CSI-RS on the same symbol. Rel.15/16 gNB is mandatory required to transmit periodic CSI-RS/TRS as QCL source of TCI state. However, the resources and TCI states for periodic CSI-RS (P-CSI-RS) is configured by RRC only, and MAC CE/DCI cannot update it. Consequently, once P-CSI-RS and TCI-state are configured by RRC, many symbols are not available for PDSCH scheduling with a different TCI state, even if the DL resource is completely vacant (illustrated in Figure 4-3). This means peak UE throughput is reduced once P-CSI-RS resources and TCI state are configured by RRC.
Observation 4-2:
· Once P-CSI-RS resources and TCI-states are RRC configured in FR2, peak UE throughput is reduced due to the scheduling restriction/availability of PDSCH on the same symbol of P-CSI-RS with different QCL assumption.
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Figure 4-3. Issue of P-CSI-RS

Discussion point: 
Should we keep UE to monitor P-TRS/P-CSI-RS associated with the de-active common TCIs?
In common TCI framework, P-TRS/P-CSI-RS associated with the de-active common TCIs are not used, and the UE should not be required to monitor the P-TRS/P-CSI-RS associated with the de-active common TCIs. This means no scheduling restriction is required on the same symbol of P-CSI-RS/TRS associated with the de-active common TCIs. This enables to schedule PDSCH on many symbols associated to the de-active common TCIs, and increase the peak UE throughput, which is an important indicator from operator perspective. Figure 4-4 illustrated an example of the benefit of Proposal 4-7: if active common TCIs are TCI#3 and TCI#4, many symbols becomes available for PDSCH scheduling with TCI#3. The advantage of this proposal compared to the existing SP-CSI-RS framework is that no explicit MAC CE indication is required to activate/deactivate the CSI-RS resources. Once the common TCIs are deactivated by MAC CE, the CSI-RS/TRS resources associated with the de-active CSI-RS/TRS resources are not monitored by the UE.
Proposal 4-7:
· UE is only required to monitor P-CSI-RS/TRS associated with the active TCIs in common TCI pool.
· No scheduling restriction of PDSCH on the same symbol of P-CSI-RS/TRS associated with the de-active TCIs in common TCI pool.
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Figure 4-4 Benefit of Proposal 4-7.

[Issue 4] Fast UL panel selection
	Agreement
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
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.



In RAN1#104e meeting, it was agreed that, for the following RS resource, corresponding panel is controlled by UE. 
· For CSI/beam reporting, the RS resource is an RS associated with meas. and/or report 
· For beam indication, the RS resource is a source RS for UL Tx spatial filter 
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 panel and RS resource, 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, UE can report the panel used for RS measurement/reporting to gNB. New ID representing UE panel can be reported in CSI/beam reporting.
Proposal 5-1: 
· Support to report new ID representing UE panel in CSI/beam reporting.
In RAN1#104e meeting, 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 DL Rx/UL Tx, e.g., gNB may expect DL Rx/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 DL Rx/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. 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 for UL Tx while active for DL Rx, or active for DL Rx measurement RS, etc.
Proposal 5-2: 
· Support UE to report panel state (e.g., active/inactive) to gNB.

[Issue 5] MPE mitigation
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, decide in RAN1#104bis-e whether to support at least one the following (not necessarily, but can be, in one reporting instance):
· {Rel.16 P-MPR based (beam/panel-level)} + {A}, where A is either Opt1A, Opt1B, Opt1C, or Opt1D:
· Option 1A: Virtual PHR or a modified version associated with each activated UL TCI or, if applicable, joint TCI
· Option 1B: {SSBRI(s)/CRI(s) and/or panel indication}
· Option 1C: {SSBRI(s)/CRI(s) and/or panel indication} + virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 1D: No additional reporting quantity
· {SSBRI(s)/CRI(s) and/or panel indication} + {A}, where A is either Opt2A, Opt2B, Opt2A+ Opt2B, or Option 2C
· Option 2A: 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
· Option 2B: Virtual PHR or a modified version associated with each of the reported SSBRI(s)/CRI(s) and/or panel indication (if configured)
· Option 2C: No additional reporting quantity



For MPE mitigation, enhancement based on Rel-16 PMPR report and enhancement based on L1-beam reporting framework were discussed in RAN1#104e meeting. 
For Rel-16 PMPR based report, 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. To report beam-level virtual PHR, option1A is preferred. With option1A, the power control parameters associated with each UL TCI state can be used to compute the virtual PHR. On the other hand, with option1C, 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 report based on L1 beam reporting framework, with 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. Meanwhile, option2A is slightly preferred rather than option2B. It is more straightforward to report L1-RSRP like report quantities for each SSBRI/CRI with reusing existing L1 beam reporting framework.
From our perspective, both Rel-16 PMPR based report and L1 beam reporting based report can be supported. With L1 beam reporting framework, periodic/aperiodic report of best UL beams can be configured by gNB. And with Rel-16 PMPR based report, event triggered report when MPE issue occurs at UE can be supported, which is beneficial for fast panel switching when sudden MPE event happens. 
Proposal 6-1: 
· Support enhancements based on both Rel-16 PMPR mechanism and L1 beam reporting with following two options:
· Option 1A: panel level PMPR report + modified version of virtual PHR associated with each UL TCI, or if applicable, joint TCI
· Option 2A: SSBRI/CRI + modified version of L1-RSRP accounts for MPE effect associated with each SSBRI/CRI 

[Issue 6] Another category
	Agreement
On Rel.17 enhancements based on the unified TCI framework, perform study and, if needed, specify the following:
· Group1: Beam management with reduced DL signaling to reduce latency
· Group2: Reducing activation delay of TCI states and PL-RSs (including other WGs, e.g. RAN4)
· On RAN4-related matters, assessment/study phase can be done in RAN1. If RAN4-based enhancements are found necessary, a LS to RAN4 will be sent (to prepare RAN4 work)
Note: Given its dependence on the maturity compared to other issues (1 to 5), when to start the work and how much work is done on issue 6 should depend on the progress on the other issues.
Note: Aim for at most one solution for each of the group in Rel-17 to address issue 6 


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.
· 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.

7.2 Group1: Alignment of UL/DL default beams
In Rel.15/16, default UL/DL beam was supported, and it is useful for simple beam operation. Table 2-1 summarizes default beam and its applicable condition in Rel.15/16. As shown in the table, the default beam for UL and DL is very similar, but there is difference (i.e. in the latest slot). 

Table 7-1 Default beam and its applicable condition in Rel.15/16.
	Channel
	Default beam 
	Condition

	PDSCH
	If non cross-carrier scheduling, TCI-state/QCL of the lowest CORESET ID in the latest slot in the active DL BWP of the CC;
else, the lowest TCI-state ID of PDSCH in the active DL BWP of the scheduled CC
	If tci-PresentInDCI is not configured

	PUSCH (by DCI format 0_1)
	If CORESET is configured in the active DL BWP on the CC, TCI-state/QCL of the lowest CORESET ID;
else, lowest TCI-state ID of PDSCH in the active DL BWP on the CC
	If the SRS resource corresponding to SRI has no PL-RS/spatial-relation

	PUSCH (by DCI format 0_0)
	
	If no active PUCCH spatial-relation or no PUCCH resource on active 

	PUCCH
	
	If PUCCH resource has no PL-RS/spatial-relation

	SRS
	
	If SRS resource has no PL-RS/spatial-relation



For easily beam operation, it is beneficial to align the default UL/DL beam. In Rel.16, it was agreed not to assume “in the latest slot” for the default UL beam, due to the fact that the default beam should not be changed slot by slot. Hence, we propose to update the default TCI-state to remove “in the latest slot”).

Proposal 7-2:
· Update default TCI-state/QCL of PDSCH, to align with default spatial relation rule.
· If CORESET is configured in the active DL BWP on the scheduled CC, TCI-state/QCL of the lowest CORESET ID; else, lowest TCI-state ID of PDSCH in the active DL BWP on the scheduled CC.

7.3 Group1: Low latency/overhead beam management for periodic-SRS
In Rel.15, spatial relation update via MAC CE for semi-persistent SRS was supported. In Rel.16, for UL beam management latency reduction, MAC CE based spatial relation update for aperiodic SRS resource was supported. However, for periodic SRS, spatial relation can only be configured via RRC signaling. When spatial relation of periodic SRS need to be updated due to UE movement, RRC reconfiguration is needed, which will cause high latency. Thus, more efficient spatial relation update for periodic SRS need to be studied.
There are following options for more efficient spatial relation update for periodic SRS.
· Option1. Increase the number of SRS resources or SRS resource sets. In Rel.16, for codebook based UL transmission, one SRS resource set can be configured, and 2 SRS resources can be configured within the resource set. For non-codebook based UL transmission, one SRS resource set can be configured, and 4 SRS resources can be configured within the resource set. For beam management SRS, up to 16 SRS resources can be configured per resource set. The limited number in above cases restricts the flexibility to configure or indicate UL beams. Therefore, the number of SRS resources per resource set or number of SRS resource sets can be increased.
· Option2. Support MAC CE based spatial relation update for periodic SRS. Similar MAC CE as NR Rel.16 for semi-persistent/aperiodic SRS spatial relation update can be introduced for periodic SRS spatial relation update. If  option1 is supported, option2 is more necessary for efficient spatial relation update for periodic SRS. 
In case MAC CE level spatial relation update is supported for periodic SRS, simultaneous spatial relation update across multiple CCs/BWPs should be also supported for periodic SRS.
Based on above discussion, we have following proposals:
Proposal 7-3: 
· To support more efficient spatial relation update for periodic SRS, following options can be considered.
· Option1. Increase the number of SRS resources per resource set or the number of SRS resource sets.
· Option2. Support MAC CE based spatial relation update for periodic SRS.

7.4 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 7-4: 
· 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 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 2-3:
· For UL PC parameters except for PL-RS (P0, alpha, closed loop index) for unified TCI framework,
· Support 	Alt1: The setting of (P0, alpha, closed loop index) is also associated with UL or (if applicable) joint TCI state.
Proposal 2-4:
· For PL-RS for unified TCI framework, support either Alt. 1 or Alt. 2 with the following modification
· Alt1: 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.  
· Alt2. 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
Proposal 2-5:
· Support semi-static (i.e. RRC or MAC CE) switching between joint and separate TCI 
Proposal 2-6:
· 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 2-7:
· 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 2-8:
· 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 2-9:
· 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.
Proposal 4-1:
· For beam indication in unified TCI, support DCI format 1_1/1_2 without DL assignment.
· Note: the DCI size is the same as existing DCI format 1_1/1_2.
· In case of a successful reception of the DCI, the UE reports an ACK.
· Support ACK/NACK with both type-1 and type-2 HARQ-ACK codebook:
· The ACK is reported in a PUCCH k slots after the end of the PDCCH reception where k is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, or provided dl-DataToUL-ACK or dl-DataToUL-ACK-ForDCI-Format1-2-r16 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI
Proposal 4-2:
· To differentiate the DCI format with DL assignment or without DL assignment, down-select from the following:
· Alt.1 introduce the new RNTI for CRC scrambling.
· Alt.2 introduce the new DCI field for DCI format indication.
· Alt.3 differentiate by the special combination of special DCI fields.
Proposal 4-3:
· For the new DCI format 1_1/1_2 without DL assignment, re-use the unused DCI field(s), i.e. DCI field which is used for PDSCH scheduling and not used for the beam indication and HARQ-ACK transmission, for other purposes, 
· E.g., as indication of the UL TCI in separate UL/DL TCI, or indication of M or N >1 TCIs for Multi-TRP or inter band CA.
Proposal 4-4:
· For the new DCI format 1_1/1_2 without DL assignment, the DCI-indicated unified TCI state is applied after UE transmits ACK to the beam indication DCI.
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 4-5:
· For the beam application timing, support either Alt. 2A or Alt.2B 
· 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).
Proposal 4-6:
· For unified TCI framework, after application timing is agreed, discuss default TCI state of the unified TCI framework.
Observation 4-2:
· Once P-CSI-RS resources and TCI-states are RRC configured in FR2, peak UE throughput is reduced due to the scheduling restriction/availability of PDSCH on the same symbol of P-CSI-RS with different QCL assumption.
Proposal 4-7:
· UE is only required to monitor P-CSI-RS/TRS associated with the active TCIs in common TCI pool.
· No scheduling restriction of PDSCH on the same symbol of P-CSI-RS/TRS associated with the de-active TCIs in common TCI pool.
Proposal 5-1: 
· Support to report new ID representing UE panel in CSI/beam reporting.
Proposal 5-2: 
· Support UE to report panel state (e.g., active/inactive) to gNB.
Proposal 6-1: 
· Support enhancements based on both Rel-16 PMPR mechanism and L1 beam reporting with following two options:
· Option 1A: panel level PMPR report + modified version of virtual PHR associated with each UL TCI, or if applicable, joint TCI
· Option 2A: SSBRI/CRI + modified version of L1-RSRP accounts for MPE effect associated with each SSBRI/CRI 
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.
· 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:
· Update default TCI-state/QCL of PDSCH, to align with default spatial relation rule.
· If CORESET is configured in the active DL BWP on the scheduled CC, TCI-state/QCL of the lowest CORESET ID; else, lowest TCI-state ID of PDSCH in the active DL BWP on the scheduled CC.
Proposal 7-3: 
· To support more efficient spatial relation update for periodic SRS, following options can be considered.
· Option1. Increase the number of SRS resources per resource set or the number of SRS resource sets.
· Option2. Support MAC CE based spatial relation update for periodic SRS.
Proposal 7-4: 
· 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.
References
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