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Introduction 
In this contribution, we will share our views on following issues for unified TCI extension:
· Issue 1: General framework for unified TCI extension
· Issue 2: TCI state update and activation
· Issue 3: How to associate the indicated TCI state(s) with each target channel/signal
· Issue 4: UL power control for UL MTRP
· Issue 5: Beam reporting and beam failure recovery
Discussion
Issue 1: General framework for unified TCI extension
The following issues are discussed in this contribution for Issue 1:
· Combinations of joint/DL/UL TCI states that can be indicated in one CC/BWP/TRP 
· Whether and how to apply multiple joint/DL TCI states to CJT-based PDSCH reception(s)
Combinations of joint/DL/UL TCI states that can be indicated in one CC/BWP/TRP
In RAN1#1 [1], it was agreed that up to 4 TCI states can be indicated by MAC-CE/DCI in a CC/BWP to DL receptions and/or UL transmissions for the target use cases agreed in RAN1#109-e in AI 9.1.1.1. Depending on whether a CC is configured in joint or separate DL/UL TCI mode thought unifiedtci-StateType, the following two basic combinations can be supported:
· 1 joint TCI state indicated for both DL Rx and UL Rx from/to a first TRP in a CC/BWP, and 1 joint TCI state indicated for both DL Rx and UL Tx from/to a second TRP in the same CC/BWP
· 1 pair of DL and UL TCI states indicated respectively DL Rx and UL Rx from/to a first TRP in a CC/BWP, and 1 pair of DL and UL TCI states indicated respectively for DL Rx and UL Rx from/to a second TRP in the same CC/BWP
Based on the two basic combinations, the indicated joint/DL/UL TCI states can be used for DL MTRP operation and/or UL MTRP operation, including the case if MTRP operation is configured only for DL or UL. Note that UE doesn’t have to apply an indicated TCI state for DL reception or UL transmission if the indicated TCI state is not associated with any DL or UL channel/signal. Therefore, we don’t see the need to introduce additional combinations for DL-only or UL-only MTRP operation.
Proposal 1: On unified TCI framework extension, support the following combinations for the target used cases agreed in RAN1#109e in AI 9.1.1.1:
· 1 joint TCI state indicated for both DL Rx and UL Rx from/to a first TRP in a CC/BWP, and 1 joint TCI state indicated for both DL Rx and UL Tx from/to a second TRP in the same CC/BWP
· 1 pair of DL and UL TCI states indicated respectively DL Rx and UL Rx from/to a first TRP in a CC/BWP, and 1 pair of DL and UL TCI states indicated respectively for DL Rx and UL Rx from/to a second TRP in the same CC/BWP
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this in specification is FFS
Note: UE doesn’t apply an indicated TCI state for DL reception or UL transmission if the indicated TCI state is not associated with any DL or UL channel/signal
In Rel-17 unified TCI, the main use case of separate DL/UL TCI mode is MPE mitigation, where the UL serving beam may be different from the DL serving beam to avoid UL power back-off due to MPE. In RAN1#110, there was a discussion on whether to support joint DL/UL TCI update and separate DL/UL TCI update in a same CC/BWP for e.g., different TRPs, respectively. In our view, if the use case of separate DL/UL TCI mode is still MPE mitigation, there is no reason to configure separate DL/UL TCI mode only for one of the TRPs since MPE may happen on any link to the TRPs and NW cannot predict it. Moreover, even a CC is configured with separate DL/UL TCI mode, NW still can indicate the same serving beam (i.e., the same QCL sources) for both DL and UL.
Proposal 2: The need of enabling joint and separate DL/UL TCI modes in a same CC/BWP for different TRPs should be justified

Whether and how to apply multiple joint/DL TCI states to PDSCH-CJT
To our understanding, specification/UE behaviour of PDSCH-CJT is the same as the one of PDSCH-SFN with 'sfnSchemeA' supported in Rel-17, thus PDSCH-CJT can be enabled by PDSCH-SFN w/o specification change. However, up to two joint/DL TCI states can be indicated for PDSCH-SFN. To support up to 4 TRPs for PDSCH-CJT, we see up to 4 joint/DL TCI states indicated by MAC-CE/DCI can be considered and specified as part of unified TCI extension. One simple way to support it is by extending PDSCH-SFN with 'sfnSchemeA', which has less specification effort. If a new MTRP scheme is introduced for PDSCH-CJT, a lot of details need to be further specified in RAN1, e.g., the switching between PDSCH-CJT and other MTRP schemes, the dynamic switching between MTRP and STRP for PDSCH-CJT, etc.
Observation 1: PDSCH-CJT can be enabled by PDSCH-SFN with 'sfnSchemeA' without specification change, where up to 2 joint/DL TCI states can be indicated
Observation 2: Compared with introduction of a new MTRP scheme for PDSCH-CJT, support up to 4 indicated joint/DL TCI states is by extending PDSCH-SFN with 'sfnSchemeA' to support PDSCH-CJT has less specification effort
Proposal 3: On unified TCI framework extension, when a UE is configured with sfnSchemePdsch set to either 'sfnSchemeA', up to 4 joint TCI states can be indicated by DCI/MAC-CE in a CC/BWP
· If more than 2 joint TCI states are indicated in a CC/BWP, QCL-TypeD source RSs should be absent in these joint TCI states
 
Issue 2: TCI state update and activation
The following issues are discussed in this contribution for Issue 2:
· TCI state update for M-DCI based MTRP
· TCI state update for S-DCI based MTRP
TCI state update for M-DCI based MTRP
In RAN1#109 [2], the following alternatives were considered for TCI state update for M-DCI based MTRP, 
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· [bookmark: _Hlk108618069]Atl2: Use the existing TCI field in the DCI format 1_1/1_2 associated with one of coresetPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same coresetPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 to indicate all joint/DL/UL TCI states corresponding to both coresetPoolIndex values
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 associated with one of coresetPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different coresetPoolIndex value.
Before down-selection from these alternatives, one fundamental question is whether a DCI transmitted by a TRP can update the TCI state(s) for another TRP.  In our view, this could depend on whether TRPs are well coordinated or not, i.e., ideal or non-deal backhaul. For non-ideal case, it is more reasonable that each TRP can update the TCI state(s) only for itself, thus the existing TCI field in a DCI format 1_1/1_2 associated with one of coresetPoolIndex values can only indicate the joint/DL/UL TCI state(s) associated with the same coresetPoolIndex value. For ideal case, we think each TRP can update the TCI state(s) not only for itself but also for another TRP, thus the existing TCI field in a DCI format 1_1/1_2 associated with one of coresetPoolIndex values can indicate the joint/DL/UL TCI states associated with both same and different coresetPoolIndex values, respectively.
Proposal 4: On unified TCI framework extension for M-DCI based MTRP, NW can configure by RRC either one of the following modes for TCI state update:
· Mode 1: The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values indicates the joint/DL/UL TCI state(s) associated with the same coresetPoolIndex value
· Mode 2: The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values indicates the joint/DL/UL TCI states associated with both same and different coresetPoolIndex values, respectively.

TCI state update for S-DCI based MTRP
In RAN1#109 [2], the following was agreed for S-DCI based MTRP:
	Agreement from RAN1#109
On unified TCI framework extension at least for single-DCI based MTRP, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint, e.g., possible combinations of joint, DL, and/or UL TCI state IDs that can be mapped to a TCI codepoint
· FFS: Whether to increase the max number of MAC CE activated TCI codepoints, i.e., more than 8 codepoints
· FFS: Whether to increase the max number of TCI field bits, i.e., more than 3 bits
· Note: This doesn't imply that support of one additional TCI field or a field associating the TCI field to the TRP(s) is precluded
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS


For a CC/BWP configured in joint DL/UL TCI mode, we see the following combination of joint TCI states can be mapped to a TCI codepoint for S-DCI based MTRP:
· {1st joint TCI state ID, 2nd joint TCI state ID} are mapped to a TCI codepoint
If the TCI codepoint mapped with above combination is indicated to a CC/BWP, the UE shall apply the corresponding 1st joint TCI state and the 2nd joint TCI state, if applicable, to DL reception and UL transmission in the CC/BWP.
For a CC/BWP configured in separate DL/UL TCI mode, we see a TCI codepoint can be mapped with one of the following combinations of DL and/or UL TCI states for S-DCI based MTRP:
· {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 1st UL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state}
· {1st DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 2nd DL TCI state}
· {1st UL TCI state, 2nd DL TCI state}
· {1st UL TCI state, 2nd UL TCI state}
If a TCI codepoint mapped with one of above combination is indicated to a CC/BWP, the UE shall apply the DL TCI state(s) and/or UL TCI state(s) that is/are mapped to the TCI codepoint and keep the current DL TCI state(s) and/or UL TCI state(s) that is/are not mapped to the he TCI codepoint, if applicable, to DL reception and UL transmission in the CC/BWP, respectively
Proposal 5: On unified TCI extension for S-DCI based MTRP schemes agreed in RAN1#109e in AI 9.1.1.1:
· The following combination of joint TCI states can be mapped to a codepoint of the existing TCI field in DCI format 1_1/1_2 (with or without DLA) for a CC/BWP configured with joint DL/UL TCI mode:
· {1st joint TCI state ID, 2nd joint TCI state ID}
· If a TCI codepoint mapped with above combination is indicated to a CC/BWP, the UE shall apply the corresponding 1st joint TCI state and the 2nd joint TCI state, if applicable, to DL reception and UL transmission in the CC/BWP.
Proposal 6: On unified TCI extension for S-DCI based MTRP schemes agreed in RAN1#109e in AI 9.1.1.1
· The following combination of joint TCI states can be mapped to a codepoint of the existing TCI field in DCI format 1_1/1_2 (with or without DLA) for a CC/BWP configured with separate DL/UL TCI mode:
· {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 1st UL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state}
· {1st DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 2nd DL TCI state}
· {1st UL TCI state, 2nd DL TCI state}
· {1st UL TCI state, 2nd UL TCI state}
· If a TCI codepoint mapped with one of above combinations is indicated to a CC/BWP, the UE shall apply the DL TCI state(s) and/or UL TCI state(s) that is/are mapped to the TCI codepoint and keep the current DL TCI state(s) and/or UL TCI state(s) that is/are not mapped to the TCI codepoint, if applicable, to DL reception and UL transmission in the CC/BWP, respectively

Issue 3: How to associate the indicated TCI state(s) with each target channel/signal
The following issues are discussed in this contribution for Issue 3:
· PDSCH reception for S-DCI based MTRP
· PDCCH reception for S-DCI based MTRP
· PUSCH reception for S-DCI based MTRP
· PUCCH reception for S-DCI based MTRP
PDSCH reception for S-DCI based MTRP
Based on the discussion in RAN1#110, we see the alternatives to inform the association between joint/DL TCI state(s) indicated by DCI/MAC-CE and PDSCH reception can be listed as follows:
Alt1-1: Use the existing TCI field in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception
For Alt1-1, switching between STRP and MTRP is determined by one or two joint/DL TCI states that are indicated to UE through the existing TCI field, and UE shall apply the one or two indicated joint/DL TCI states to PDSCH reception after the beam application time as defined in Rel-17, as the example shown in Figure 1. We see there are two potential issues in Alt1-1. First, switching between different TRPs or between STRP and MTRP based on the existing TCI field in DCI format 1_1/1_2 will not only apply to PDSCH reception, but also apply to other channels/signals associated with the indicated TCI state(s), which impacts the flexibility when multiple MTRP schemes are operated at the same time. Second, the application time for switching between different TRPs or between STRP and MTRP will follow the one defined in Rel-17 (i.e., the first slot that is at least BeamAppTime_r17 symbols after the last symbol of HARQ-ACK transmission for the beam indication DCI), and such application time may be too long just for applying the TCI association indicated by NW.
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Figure 1. Example of using the existing TCI field in a DCI format 1_1/1_2 to inform the association between joint/DL TCI state(s) indicated by DCI/MAC-CE and PDSCH reception
Observation 3: Switching between different TRPs or between STRP and MTRP based on the existing TCI field in DCI format 1_1/1_2 applies to not only PDSCH reception, but also other channels/signals associated with the indicated TCI state(s)
Observation 4: Switching between different TRPs or between STRP and MTRP based on the existing TCI field in DCI format 1_1/1_2 follows the beam application time defined in Rel-17 for TCI state update, which may be unnecessary long

Alt1-2: Use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception
For Alt1-2, NW can indicate switching between different TRPs or between STRP and MTRP independently from the TCI state update, thus the above issues due to using of the existing TCI field can be avoided. The indicated TCI association can be applied, after an application time that is different from the one for TCI state update, to PDSCH reception scheduled/activated by the same DCI format 1_1/1_2 or all PDSCH receptions after the DCI format 1_1/1_2. In our view, the application time for applying TCI association can be defined after the DCI instead of HARQ-ACK transmission for the DCI, and it can be shorter than the one for TCI state update. 
For Alt1-2 if the indicated TCI association applies only to PDSCH reception scheduled/ activated by the same DCI format 1_1/1_2 (Alt1-2a), as the example shown in Figure 2, NW can switch between different TRPs or between STRP and MTRP with less latency and more flexibility. One further issue is which indicated joint/DL TCI state(s) that UE shall apply to buffer PDSCH in the duration between DCI and application time of the indicated TCI association. 
For Alt1-2 if the indicated TCI association applies all PDSCH reception after the DCI format 1_1/1_2 (Alt1-2b), as the example shown in Figure 3, the default beam issue in Alt1-2a can be naturally resolved. Another advantage of Alt1-2b compared with Alt1-2a is NW can switch between different TRPs or between STRP and MTRP for SPS PDSCH receptions after the SPS activation. For Alt1-2a, SPS PDSCH receptions always follow the TCI association indicated by the activation DCI.
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Figure 2. Example of using an indicator field other than the existing TCI field in a DCI format 1_1/1_2 to inform the association between joint/DL TCI state(s) indicated by DCI/MAC-CE and the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
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Figure 3. Example of using an indicator field other than the existing TCI field in a DCI format 1_1/1_2 to inform the association between joint/DL TCI state(s) indicated by DCI/MAC-CE and PDSCH receptions after the DCI format 1_1/1_2
Observation 5: Switching between different TRPs or between STRP and MTRP based on an indicator field other than the existing TCI field in DCI format 1_1/1_2 has less latency and more flexibility compared to the switching based on the existing TCI field
Observation 6: Need to define a default association for PDSCH buffering before an application time if UE applies the TCI association indicated by a DCI format 1_1/1_2 only to the scheduled/activated PDSCH reception
Observation 7: No need to define a default association for PDSCH buffering before an application time if UE applies the TCI association indicated by a DCI format 1_1/1_2 to all PDSCH receptions after the DCI format 1_1/1_2

Alt2-1: Use RRC parameter(s) in PDSCH-Config to inform which indicated joint/DL TCI state(s) that the UE shall apply to all PDSCH receptions in the corresponding DL BWP
[bookmark: _Hlk114152126]Since the TCI association is provided by RRC in PDSCH-Config, all PDSCH receptions in the corresponding DL BWP shall follow the same TCI association before RRC reconfiguration. Fortunately, the dynamic switching between different TRPs or between STRP and MTRP for PDSCH reception still can be based on the MAC-CE/DCI based TCI state update, similar to Alt1-1. For example, to enable MTRP operation for PDSCH reception, NW can provide RRC parameter(s) in PDSCH-Config to configure UE to apply an indicated 1st TCI and an indicated 2nd TCI, where the 1st TCI and the 2nd TCI are indicated with different joint/DL TCI states, respectively. Then, if NW would like to switch to STRP operation for PDSCH reception, NW can indicate a same TCI state to both 1st TCI and 2nd TCI, as the example shown in Figure 4. However, since the switching is based on the the existing TCI field, Alt2-1 will face the same issues as Alt1-1. Moreover, for some MTRP schemes like FDM scheme B and TDM scheme A, UE will always assume there are two PDSCH Tx occasions if two TCI states are indicated to UE regardless they are the same or different. Specification change for legacy MTRP schemes will be needed if STRP operation has to be enabled even there are two indicated TCI states.
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Figure 4. Example of using the existing TCI field in a DCI format 1_1/1_2 to switch from MTRP to STRP operation if PDSCH reception in a DL BWP is associated with two TCIs by RRC configuration

Observation 8: If using RRC parameter(s) in PDSCH-Config to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception, dynamic switching between different TRPs or between STRP and MTRP for PDSCH reception still can be achieved based on the MAC-CE/DCI based TCI state update
Observation 9: Specification change for legacy MTRP schemes will be needed if STRP operation has to be enabled even there are two indicated TCI states.

Alt2-2: Use RRC parameter(s) in a CORESET (or CORESET group) configuration to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception scheduled/activated by PDCCH on the CORESET (or CORESET group)
In this alternative, different CORESETs can be provided with different TCI associations, e.g., association with a 1st/2nd TCI for STRP operation or association with both 1st TCI and 2nd TCI for MTRP operation. Then, as the example shown in Figure 5, according to the scheduling/activation DCI is received on which CORESET (or CORESET group), UE shall apply the associated TCI(s) to the scheduled/activated PDSCH reception. Therefore, dynamic switching between different TRPs or between STRP and MTRP can be achieved by transmitting scheduling/activation DCI on different CORESETs (or CORESET group). One further issue is if UE attempts to decode DCI on multiple CORESETs in the same slot and the TCI associations provided to these CORESETs are different, which TCI association that UE shall apply to buffer PDSCH before UE decodes the DCI? In one example, UE shall apply the TCI association provided for the CORESET with the lowest CORESET ID.
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Figure 5. Example of using different RRC-based TCI associations to different CORESETs (or CORESET groups) to enable dynamic switching between different TRPs or between STRP and MTRP
Observation 10: If the association between the indicated joint/DL TCI state(s) and PDSCH reception is provided per CORESET (or CORESET group), dynamic switching between different TRPs or between STRP and MTRP for PDSCH reception can be achieved by transmitting scheduling/activation DCI on different CORESETs (or CORESET group)
In summary, either Alt1-2 or Alt2-2 should be adopted due to less disadvantages compared with other alternatives.
Proposal 7: On unified TCI framework extension, for PDSCH reception in S-DCI based MTRP, down-selection one alternative from the followings:
· Alt1-1: Use the existing TCI field in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception
· Alt1-2a: Use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· Alt1-2a: Use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to all PDSCH receptions after the DCI format 1_1/1_2
· Alt2-1: Use RRC parameter(s) in PDSCH-Config to inform which indicated joint/DL TCI state(s) that the UE shall apply to all PDSCH receptions in the corresponding DL BWP
· Alt2-2: Use RRC parameter(s) in a CORESET (or CORESET group) configuration to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception scheduled/activated by the CORESET (or CORESET group)
PDCCH receptions in S-DCI based MTRP
In RAN1#110 [1], the following alternatives were selected as the candidates for informing the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN:
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET
· Alt1-2: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/DL TCI state(s) is associated with each CORESET group
· Alt2: The association between a CORESET and the indicated joint/DL TCI state(s) is determined based on a fixed rule, and the UE shall apply the indicated joint/DL TCI state(s) to the corresponding PDCCH receptions on the CORESET
· Alt3: Use MAC-CE to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on a CORESET
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Figure 6. Example of using different RRC-based TCI associations to different CORESETs (or CORESET groups) to enable dynamic switching between different TRPs or between STRP and MTRP
Our views are provided as follows:
1. We prefer one unified association scheme used for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN. For PDCCH repetition and PDCCH w/o MTRP operation, one indicated joint/DL TCI state can be associated per CORESET (or CORESET group). For PDCCH-SFN, two indicated joint/DL TCI states can be associated per CORESET (or CORESET group). The TCI associations can be signalled by the same scheme at least based on Alt1-1, Alt1-2, and Alt3. We don't see the need to introduce different association schemes for different use cases.
2. Alt1-2 introduces one additional stage to provide the TCI association as shown in Figure 6, however, we don’t see any benefit to introduce such additional stage. Moreover, RAN1 will need to further discuss how to associate the indicated TCI state(s) with each CORESET group.
3. We don’t prefer fixed association scheme since the flexibility to associate CORESETs with different TRPs is still needed, and we are open to use either RRC or MAC-CE to provide the association per CORESET. However, note that even the TCI association is based on RRC, NW still can use MAC-CE/DCI to update the TCI state ID(s) of the associated joint/DL TCI state(s), i.e., the TRP(s) associated with each CORESET still can be changed dynamically by MAC-CE/DCI-based TCI state update.
Proposal 8: On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, down-selection one alternative from the followings:
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET
· Alt3: Use MAC-CE to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on a CORESET
Regarding whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE? In Rel-17 unified TCI framework, any CORESET (including CORESET#0) can share the unified TCI state. Thus, in Rel-18 unified TCI extension, we see any CORESET can be associated with the indicated joint/DL TCI state(s) w/o restriction.
Proposal 9: On unified TCI framework extension for S-DCI based MTRP, any CORESET can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE

PUSCH transmissions in S-DCI based MTRP
In RAN1#110 [1], the following alternatives were agreed for informing the association with the joint/UL TCI state(s) indicated by DCI/MAC-CE for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· Alt2: PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
· Alt3: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/UL TCI state(s) is associated with each CORESET group. When a scheduling/activation DCI format 0_1/0_2 is received in a CORESET group, the indicated joint/UL TCI state(s) associated with the CORESET group is applied to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
In Rel-17 PUSCH repetition, an SRS resource set indicator field is introduced in DCI format 0_1/0_2 to implicitly indicate the switching between STRP/MTRP and the switching between different TRPs for the schedule/activated PUSCH transmission. The existing SRS resource set indicator field can be reused to associated/map one or two joint/UL TCI to the schedule/activated PUSCH transmission. For PUSCH transmission not scheduled/activated by a DCI format 0_1/0_2 (e.g., Type1 CG-PUSCH), the association scheme can be further discussed.
Proposal 10: On unified TCI extension for S-DCI based MTRP, use the existing SRS resource set indicator field in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· FFS: PUSCH transmission scheduled/activated by a DCI format 0_0 and Type-1 CG-PUSCH
In RAN1#109 [2], the following was agreed for UL PC for UL MTRP schemes:
	Agreement from RAN1#109
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH/PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH, and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH


According to the agreement, UE has to determine the UL PC parameter setting and the PL-RS for each of the PUSCH transmission occasions based on the applied joint or UL TCI state(s), at least for S-DCI based PUSCH repetition with TDM. However, Alt2 doesn’t provide any information on which joint/UL TCI state(s) that UE shall apply to PUSCH transmission, thus it should be precluded.
Observation 11: Alt2 (PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2) doesn’t provide any information on which joint/UL TCI state(s) that UE shall apply to PUSCH transmission, thus UE cannot determine the UL PC parameter setting the PL-RS for PUSCH transmission based on the applied joint/UL TCI state(s), as agreed in RAN1#109

PUCCH transmissions in S-DCI based MTRP
In RAN1#110 [1], the following alternatives were agreed for informing the association with the joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Alt4: Use DCI to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
Our views are provided as follows:
1. We prefer one unified association scheme used for PUCCH transmission. For PUCCH transmission w/o MTRP operation, one indicated joint/UL TCI state can be associated per PUCCH resource. For PUCCH transmission w/ MTRP operation, two indicated joint/UL TCI states can be associated per PUCCH resource. The TCI associations can be signalled by the same scheme. We don't see the need to introduce different association schemes for different use cases. We also don’t see a particular scheme is necessary for PUCCH transmission carrying HARQ-ACK feedback (e.g., Alt4) since PUCCH resources associated with different joint/UL TCI state(s) still can be selected by PUCCH resource indicator in the DCI.
2. Alt2 introduces one additional stage to provide the TCI association, however, we don’t see any benefit to introduce such additional stage. Moreover, RAN1 will need to further discuss how to associate the indicated TCI state(s) with each CORESET group.
3. We are open to RRC based and MAC-CE based association schemes (Alt1 and Alt3). However, note that even the association scheme is based on RRC, NW still can use MAC-CE/DCI to update the TCI state ID(s) of the associated joint/UL TCI state(s), i.e., the TRP(s) associated with each PUCCH resource still can be changed dynamically by MAC-CE/DCI-based TCI state update.
Proposal 11: On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission, down-selection one alternative from the followings:
· Alt1: Use RRC parameter(s) in a PUCCH resource to inform the UE which indicated joint/UL TCI state(s) shall be applied to the PUCCH resource
· Alt2: Use MAC-CE to inform the UE which indicated joint/UL TCI state(s) shall be applied to a PUCCH resource

Issue 4: UL Power control for UL MTRP schemes
In RAN1#109 [2], the following was agreed for UL PC for UL MTRP schemes:
	Agreement from RAN1#109
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH/PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH, and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH


In Rel-17 unified TCI framework, if the UL PC parameter setting (including P0, alpha, and closed loop index) for PUSCH/PUCCH/SRS is not configured (thought Uplink-PowerControl) to an indicated joint/UL TCI state, UE determines the UL PC parameter setting from Uplink-PowerControl configured in the corresponding UL BWP. 
In unified TCI extension for UL MTRP, the same mechanism used in Rel-17 can be extended. In one example, two UC PC parameter settings can be configured in an UL BWP, where each UC PC parameter setting in the UL BWP is 1-to-1 associated with a TCI set. If one or both TCI sets is not associated with the UL PC parameter setting(s) for PUCCH/PUSCH, UE can determine the UL PC parameter setting(s) from one of or both UC PC parameter settings configured in the corresponding UL BWP.
Proposal 12: On unified TCI extension, support two UC PC parameter settings configured in an UL BWP, where each UC PC parameter setting in the UL BWP is 1-to-1 associated with a TCI set
· If any TCI set is not associated with an UL PC parameter setting for PUCCH/PUSCH, the UE applies the associated UL PC parameter setting configured in the active UL BWP

Issue 5: Beam reporting and beam failure recovery
The following potential issues/enhancements can be further studied and discussed in low priority:
· Potential enhancement to group-based reporting (including Rel-17 enhanced group-based reporting) to support STxMP
· Potential enhancement to Rel-17 UE capability index reporting to support STxMP
· Potential enhancement to TRP-specific BFR under unified TCI framework
Proposal 13: Study the following in Rel-18 with lower priority:
· Potential enhancement to group-based reporting (including Rel-17 enhanced group-based reporting) to support STxMP
· Potential enhancement to Rel-17 UE capability index reporting to support STxMP
· Potential enhancement to TRP-specific BFR under unified TCI framework

Conclusion
In this contribution, extension of unified TCI framework for MTRP operation was discussed. Based on the discussion in the previous sections, we made the following proposals and observations:
Issue 1: General framework for unified TCI extension
Proposal 1: On unified TCI framework extension, support the following combinations for the target used cases agreed in RAN1#109e in AI 9.1.1.1:
· 1 joint TCI state indicated for both DL Rx and UL Rx from/to a first TRP in a CC/BWP, and 1 joint TCI state indicated for both DL Rx and UL Tx from/to a second TRP in the same CC/BWP
· 1 pair of DL and UL TCI states indicated respectively DL Rx and UL Rx from/to a first TRP in a CC/BWP, and 1 pair of DL and UL TCI states indicated respectively for DL Rx and UL Rx from/to a second TRP in the same CC/BWP
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this in specification is FFS
Note: UE doesn’t apply an indicated TCI state for DL reception or UL transmission if the indicated TCI state is not associated with any DL or UL channel/signal
Proposal 2: The need of enabling joint and separate DL/UL TCI modes in a same CC/BWP for different TRPs should be justified
Observation 1: PDSCH-CJT can be enabled by PDSCH-SFN with 'sfnSchemeA' without specification change, where up to 2 joint/DL TCI states can be indicated
Observation 2: Compared with introduction of a new MTRP scheme for PDSCH-CJT, support up to 4 indicated joint/DL TCI states is by extending PDSCH-SFN with 'sfnSchemeA' to support PDSCH-CJT has less specification effort
Proposal 3: On unified TCI framework extension, when a UE is configured with sfnSchemePdsch set to either 'sfnSchemeA', up to 4 joint TCI states can be indicated by DCI/MAC-CE in a CC/BWP
· If more than 2 joint TCI states are indicated in a CC/BWP, QCL-TypeD source RSs should be absent in these joint TCI states

Issue 2: TCI state update and activation
Proposal 4: On unified TCI framework extension for M-DCI based MTRP, NW can configure by RRC either one of the following modes for TCI state update:
· Mode 1: The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values indicates the joint/DL/UL TCI state(s) associated with the same coresetPoolIndex value
· Mode 2: The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values indicates the joint/DL/UL TCI states associated with both same and different coresetPoolIndex values, respectively
Proposal 5: On unified TCI extension for S-DCI based MTRP schemes agreed in RAN1#109e in AI 9.1.1.1:
· The following combination of joint TCI states can be mapped to a codepoint of the existing TCI field in DCI format 1_1/1_2 (with or without DLA) for a CC/BWP configured with joint DL/UL TCI mode:
· {1st joint TCI state ID, 2nd joint TCI state ID}
· If a TCI codepoint mapped with above combination is indicated to a CC/BWP, the UE shall apply the corresponding 1st joint TCI state and the 2nd joint TCI state, if applicable, to DL reception and UL transmission in the CC/BWP.
Proposal 6: On unified TCI extension for S-DCI based MTRP schemes agreed in RAN1#109e in AI 9.1.1.1
· The following combination of joint TCI states can be mapped to a codepoint of the existing TCI field in DCI format 1_1/1_2 (with or without DLA) for a CC/BWP configured with separate DL/UL TCI mode:
· {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 1st UL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state}
· {1st DL TCI state, 2nd UL TCI state}
· {1st DL TCI state, 2nd DL TCI state}
· {1st UL TCI state, 2nd DL TCI state}
· {1st UL TCI state, 2nd UL TCI state}
· If a TCI codepoint mapped with one of above combinations is indicated to a CC/BWP, the UE shall apply the DL TCI state(s) and/or UL TCI state(s) that is/are mapped to the TCI codepoint and keep the current DL TCI state(s) and/or UL TCI state(s) that is/are not mapped to the TCI codepoint, if applicable, to DL reception and UL transmission in the CC/BWP, respectively

Issue 3: How to associate the indicated TCI state(s) with each target channel/signal
Observation 3: Switching between different TRPs or between STRP and MTRP based on the existing TCI field in DCI format 1_1/1_2 applies to not only PDSCH reception, but also other channels/signals associated with the indicated TCI state(s)
Observation 4: Switching between different TRPs or between STRP and MTRP based on the existing TCI field in DCI format 1_1/1_2 follows the beam application time defined in Rel-17 for TCI state update, which may be unnecessary long
Observation 5: Switching between different TRPs or between STRP and MTRP based on an indicator field other than the existing TCI field in DCI format 1_1/1_2 has less latency and more flexibility compared to the switching based on the existing TCI field
Observation 6: Need to define a default association for PDSCH buffering before an application time if UE applies the TCI association indicated by a DCI format 1_1/1_2 only to the scheduled/activated PDSCH reception
Observation 7: No need to define a default association for PDSCH buffering before an application time if UE applies the TCI association indicated by a DCI format 1_1/1_2 to all PDSCH receptions after the DCI format 1_1/1_2
Observation 8: If using RRC parameter(s) in PDSCH-Config to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception, dynamic switching between different TRPs or between STRP and MTRP for PDSCH reception still can be achieved based on the MAC-CE/DCI based TCI state update
Observation 9: Specification change for legacy MTRP schemes will be needed if STRP operation has to be enabled even there are two indicated TCI states.
Observation 10: If the association between the indicated joint/DL TCI state(s) and PDSCH reception is provided per CORESET (or CORESET group), dynamic switching between different TRPs or between STRP and MTRP for PDSCH reception can be achieved by transmitting scheduling/activation DCI on different CORESETs (or CORESET group)
Proposal 7: On unified TCI framework extension, for PDSCH reception in S-DCI based MTRP, down-selection one alternative from the followings:
· Alt1-1: Use the existing TCI field in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception
· Alt1-2a: Use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· Alt1-2a: Use an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 1_1/1_2 with DL assignment to inform which indicated joint/DL TCI state(s) that the UE shall apply to all PDSCH receptions after the DCI format 1_1/1_2
· Alt2-1: Use RRC parameter(s) in PDSCH-Config to inform which indicated joint/DL TCI state(s) that the UE shall apply to all PDSCH receptions in the corresponding DL BWP
· Alt2-2: Use RRC parameter(s) in a CORESET (or CORESET group) configuration to inform which indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception scheduled/activated by the CORESET (or CORESET group)
Proposal 8: On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, down-selection one alternative from the followings:
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET
· Alt3: Use MAC-CE to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on a CORESET
Proposal 9: On unified TCI framework extension for S-DCI based MTRP, any CORESET can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
Proposal 10: On unified TCI extension for S-DCI based MTRP, use the existing SRS resource set indicator field in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· FFS: PUSCH transmission scheduled/activated by a DCI format 0_0 and Type-1 CG-PUSCH
Observation 11: Alt2 (PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2) doesn’t provide any information on which joint/UL TCI state(s) that UE shall apply to PUSCH transmission, thus UE cannot determine the UL PC parameter setting the PL-RS for PUSCH transmission based on the applied joint/UL TCI state(s), as agreed in RAN1#109
Proposal 11: On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission, down-selection one alternative from the followings:
· Alt1: Use RRC parameter(s) in a PUCCH resource to inform the UE which indicated joint/UL TCI state(s) shall be applied to the PUCCH resource
· Alt2: Use MAC-CE to inform the UE which indicated joint/UL TCI state(s) shall be applied to a PUCCH resource
Issue 4: UL Power control for UL MTRP schemes
Proposal 12: On unified TCI extension, support two UC PC parameter settings configured in an UL BWP, where each UC PC parameter setting in the UL BWP is 1-to-1 associated with a TCI set
· If any TCI set is not associated with an UL PC parameter setting for PUCCH/PUSCH, the UE applies the associated UL PC parameter setting configured in the active UL BWP
Issue 5: Beam reporting and beam failure recovery
Proposal 13: Study the following in Rel-18 with lower priority:
· Potential enhancement to group-based reporting (including Rel-17 enhanced group-based reporting) to support STxMP
· Potential enhancement to Rel-17 UE capability index reporting to support STxMP
· Potential enhancement to TRP-specific BFR under unified TCI framework
Reference
1. 3GPP RAN1 #110, “Chairman’s Notes RAN1 #110”, August 2022
2. 3GPP RAN1 #109e, “Chairman’s Notes RAN1 #109-e”, May 2022


image1.png
DCI with DLA DCI with DLA indicating

DCI with DLA
(no TCI update) TCl state #a for the 15t TCI HARQ-ACK for the

R (no TCI update)
beam indication DCI Beam

1 1 T Application Time 1

Slotn Slot n+1 ‘Slot n+2 Slot n+3 \\Slot n+4 Slot n+5 Slot n+6 Slot n+7 Slot n+8 Slot n+9 Slot n+10 Slot n+11
‘\\ \\ r"““““““": _______________________________________________
The 2n¢ TCI TCI State #b i X
\ K e JI. _____________________________________________
\ \ All channels/signals are switched to STRP operation

PDSCH reception

TCI State #b X





image2.png
The 15t TCI

The 2M TCI

TCI(s) applied to
PDSCH reception

DCI with DLA indicating
PDSCH to follow the 15t TCI
(no TCI update)

DCI with DLA indicating
Joint TCI state #c for the 15t TCI &
Joint TCI state #d for the 2" TCI
+ PDSCH to follow both 1st and 2" TCI

!

HARQ-ACK for the
beam indication DCI

Application Time

(no TCI update)

|

DCI with DLA indicating
PDSCH to follow the 2" TCl

\
\
\

A 4

Slot n Slot n+1 Slot n+3 \\Slot n+4 Slot n+5 Slot n+6 Slot n+7 Slot n+8 Slot n+9 Slot n+10 Slot n+11
\\
TCI State #a‘\\ TCI State #c
\\
k TCI State #d

TCl State #b
\

\
Application time of the
indicatéd association

T
\

Applic\ation time of the
indicated association
\ .

Application time of the
indicated association

TCI State #a ? TCI State #a
X ? TCI State #b
STRP MTRP

A 4

m
?
o





image3.png
DCI with DLA indicating
PDSCH to follow both 1st
and 2" TCI (no TCI update)

|

DCI with DLA indicating
PDSCH to follow the 15t TCI
(no TCI update)

!

DCI with DLA indicating
Joint TCI state #c for the 15t TCI &
Joint TCI state #d for the 2" TCI
+ PDSCH to follow both 1st and 2" TCI Beam

1 T Application Time
|

HARQ-ACK for the
beam indication DCI

(no TCI updat

l

DCI with DLA indicating
PDSCH to follow the 2" TCl

e)

The 15t TCI

The 2M TCI

TCI(s) applied to
PDSCH reception

\
\
\

\ I
\ I
\ [}

\ 4

Slot n Slot n+1 \\\Slot n+2 Slot n+3 \\Slot n+4 Slot n+5 Slot n+6 Slot n+7 Slot n+8 Slot n+9 Slot n+10 Slot n+11
\\ \\ :
T A) 1
N TCI State #a'\ ! TCI State #c
\\ - :
Ay 1y T
\ TCI State #b  \ E TCI State #d
\
\ \ ;
\ L. . !
Application time of the Application time of the ! Application time of the
indicatéd association indicated association I indicated association
i \ : i
v \ : | \ :
1
TCI State #a TCI State #c X
TCI State #b X TCI State #b TCI State #d
MTRP STRP MTRP MTRP STRP




image4.png
The 18t TCI

The 2 TCI

TCI(s) applied to
PDSCH reception

DCI with DLA
(no TCl update)

DCI with DLA indicating
TCI state #a for both 1stand 2 TClI

HARQ-ACK for the

beam indication DCI

DCI with DLA
(no TCl update)

Beam
1 1 T Application Time 1
Slotn Slot n+1 \\Slot n+2 Slot n+3 \\Slot n+4 Slot n+5 Slot n+6 Slot n+7 Slot n+8 Slot n+9 Slot n+10 Slot n+11
N \ S — === ==
Ay T T T 1
% N\ TCI State #a i : i
\ \\ 1 1 1
T T 1
A) \\ : : 1
\ TCI State #b s E ! TCI State #a |
v \ 1 I 1
\ e e e e e I
% All channels/signals are switched to STRP operation
\ 1
TCI State #a

TCI State #b

TCI State #a





image5.png
———————————————————————————————

Scheduling/Activation DCI

Scheduling/Activation DCI PDSCH reception applying

both 15t and 2" TCl states

CORESET #2

i i { PDSCH reception applying
15t TCl |
Scheduling/Activation DCI : .
CORESET #1 ™ L > PDSCH reciptlon applying
| : the 2"° TCI state
2 TCl |

Enable dynamic switching between STRP and MTRP by transmitting
scheduling/activation DCI on different CORESETs




image6.png
Alt1-1:

RRC / Alt2: Fixed / Alt3: MAC-CE

_______________________________________

CORESET#x

1st TCI

CORESET#y

2" TCI

CORESET#z

1st TCI

2" TCI

Alt1-2: RRC

15t CORESET Group

2" CORESET Group

34 CORESET Group





