3GPP TSG RAN WG1 #110-e								R1- 2206995
Toulouse, France, August 22nd – 26th, 2022

Agenda Item:	9.1.1.1
Source: 	MediaTek Inc.
Title:	Unified TCI framework extension for multi-TRP
Document for: 	Discussion and Decision
Introduction 
The detailed RAN1 objectives for Rel-18 MIMO WID [1] are listed as follows:
	RAN1:
1. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
2. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
3. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


According to above, we will share our views in this contribution on following issues for unified TCI extension:
· Issue 1: General framework for unified TCI extension
· Issue 2: TCI state update and activation
· Issue 3: Map the TCI set(s) to a target channel/signal
· Issue 4: UL power control for UL MTRP
· Issue 5: Beam reporting and beam failure recovery
Discussion
Review of MTRP schemes from Rel-15 to Rel-17, and potentially Rel-18
Although specification enhancements for MTRP operation were firstly introduced in Rel-16 including S-DCI and M-DCI based MTRP schemes, we see Rel-15 already can support dynamic point selection (DPS) between MTRP. For example, Rel-15 supports multiple CORESETs indicated with different TCI states, and UE can receive PDCCH and respective PDSCH per TRP (i.e., PDCCH+PDSCH DPS) by applying the indicated TCI state for the CORESET associated with each TRP. Also, one PDCCH can indicate different TCI states for different scheduled PDSCHs (PDSCH DPS), where each TCI state may be associated with a certain TRP. 
Observation 1: Rel-15 already can support dynamic point selection (DPS) based MTRP schemes by indication of different TCI states for CORESETs and/or scheduled PDSCHs
In Rel-16, M-DCI and S-DCI based schemes are introduced to improve DL throughput (i.e., NCJT) or DL reliability with MTRP operation. For M-DCI, CORESETs can be grouped into two CORESET pools, where each CORESET pool may correspond to a certain TRP, by association of respective CORESET pool indexes. Note that indication of different TCI states for two CORESET pools is already supported by Rel-15 per-CORESET TCI state indication. Meanwhile, individual TCI state activation and indication for PDSCH are provided to each CORESET pool, and the scheduled PDSCHs corresponding to different CORESET pools can be partially/fully overlapped in time/frequency. For S-DCI, scheduling DCI can indicate two TCI states simultaneously for two DMRS CDM groups transmitted from MTRP to achieve better DL throughput, or for PDSCH repetition transmitted from MTRP to improve DL reliability. 
Observation 2: Rel-16 M-DCI-based MTRP schemes support two CORESET pools, which may be associated with different TRPs, and each CORESET pool has individual TCI state activation/indication 
· Note: Indication of different TCI states for two CORESET pools is already supported by Rel-15 per-CORESET TCI state indication
Observation 3: Rel-16 S-DCI-based MTRP schemes support simultaneous indication of two TCI states by scheduling DCI for two DMRS CDM groups transmitted from MTRP, or for PDSCH repetition between MTRP
In Rel-17, PUSCH/PUCCH repetition transmitted to MTRP is introduced to improve UL reliability. For PUSCH repetition, two SRS resource sets for CB/NCB-based transmission can be configured for MTRP, and one DCI can indicate the scheduled PUSCH transmission to follow the two SRS resource sets, where the spatial settings are determined according to the associated SRS resource sets indicated by scheduling DCI. For PUCCH repetition, a dedicated PUCCH resource can be provided with two spatial settings simultaneously that may correspond to two TRPs, respectively.
Observation 4: Rel-17 PUSCH repetition between MTRP supports indication of two spatial settings implicitly through the two SRS resource sets indicated by scheduling DCI, respectively
Observation 5: Rel-17 PUCCH repetition between MTRPs support two spatial settings provided for a dedicated PUCCH resource simultaneously
In Rel-17, PDCCH repetition transmitted from MTRP is also introduced to improve DL reliability, where a same DCI payload can be duplicated on two linked search space sets with the same number of CCEs and coded bits. Each of the linked search space sets can be associated with different CORESETs, and different CORESETs can be indicated with different TCI states (this is already supported in Rel-15) that may be associated with different TRPs.
Observation 6: Rel-17 PDCCH repetition between MTRP supports two linked search space sets, where each of the linked search space sets can be associated with different CORESETs indicated with different TCI states, respectively. 
· Note: Different CORESETs indicated with different TCI states are already supported in Rel-15
Rel-17 also supports some MTRP schemes for HST-SFN deployments. For PDCCH-SFN, one CORESET can be indicated with two TCI states simultaneously. For PDSCH-SFN, the UE can be provided with two TCI states simultaneously, and the two TCI states either can be indicated by one scheduling DCI (like Rel-16 S-DCI based MTRP schemes) or can follow the two TCI states whichever are applied for the corresponding CORESET, if provided.
Observation 7: Rel-17 HST-SFN supports simultaneous indication of two TCI states to a same CORESET for PDCCH-SFN and PDSCH-SFN
Observation 8: Rel-17 HST-SFN supports simultaneous indication of two TCI states by scheduling DCI for PDSCH-SFN
In Rel-18, simultaneous multi-panel UL transmission to MTRP is considered, and PUCCH/PUSCH transmission schemes other than TDM schemes may be introduced. For Rel-18 UL S-DCI based schemes, we see the required beam indication functions are the same as the one for Rel-17 PUSCH/PUCCH repetition that NW needs to indicate two beams simultaneously for e.g., FDM/SDM-based PUSCH/PUCCH transmission schemes, where each indicated beam is associated with one of MTRP. For Rel-18 M-DCI based MTRP schemes, we see the beam indication functions supported by Rel-16 M-DCI also need to be supported. 
Observation 9: For Rel-18 simultaneous multi-panel UL transmission to MTRP, if specified, simultaneous indication of two beams need to be supported for S-DCI based MTRP schemes, e.g., FDM/SDM-based PUSCH/PUCCH transmission schemes.
Observation 10: For Rel-18 simultaneous multi-panel UL transmission to MTRP, if specified, the beam indication functions supported by Rel-16 M-DCI are also needed for M-DCI based MTRP schemes
Beam indication functions required for above MTRP schemes are summarised in Table 1, unified TCI framework extension needs to support at least these beam indication functions.
Table 1. Beam indication function to support MTRP schemes from Rel-15 to Rel-17, and potentially Rel-18
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Issue 1: General framework for unified TCI extension
On general framework for unified TCI extension, we see the following issues should be discussed first:
· Support of applying multiple TCI states simultaneously for CJT
· Maximum number of TCI sets that can be indicated and applied in a CC/BWP
· Exact number of TCI sets that UE needs to apply in a CC/BWP
· Whether joint DL/UL TCI update and separate DL/UL TCI update can be supported in a same CC/BWP

Support of applying multiple TCI states simultaneously for CJT
In RAN1#109 meeting, whether unified TCI extension should consider Rel-18 CJT as well has been discussed. If our view, before this discussion, whether to support and how to apply multiple TCI states simultaneously for CJT should be discussed and decided in RAN1 first since it is not supported in current specification. On the other hand, this issue may be out of scope of Rel-18 MIMO. If so, applying multiple TCI states simultaneously will not be supported for Rel-18 CJT.
Observation 11: On applying multiple TCI states simultaneously for CJT, whether and how to support it should be discussed and decided in RAN1 first since it is not supported in current specification. On the other hand, this issue may be out of scope of Rel-18 MIMO.
Proposal 1: Study whether to support applying multiple TCI states simultaneously for CJT
Maximum number of TCI sets that can be indicated and applied in a CC/BWP
In Rel-17 unified TCI, a single TCI set is indicated and applied to both control channels and data channels. For joint DL/UL TCI update, the single TCI set comprises a joint TCI state indicated/updated by MAC-CE/DCI with the necessary TCI state activation. For separate DL/UL TCI update, the single TCI set comprises a pair of DL TCI state and UL TCI state indicated/updated by MAC-CE/DCI with the necessary TCI state activation.
To support MTRP schemes agreed in RAN1#109 [2] as follows, it should be sufficient to support up to two TCI sets indicated by NW and applied by UE in a CC/BWP, where each TCI set may be associated with one of the TPRs.
	Agreement from RAN1#109
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17 
Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP


Note that if two TCI sets are indicated and applied in a BWP/CC, it doesn't mean MTRP is always enabled for both DL and UL. For example, if MTRP is enabled only for DL, only one UL TCI state will be indicated and applied in one of the TCI sets. Analogous to Rel-17, the joint/DL/UL TCI state(s) in each of the TCI sets can be indicated/updated by MAC-CE or DCI with the necessary TCI state activation.
Proposal 2: On unified TCI extension for target use cases agreed in RAN1#109, up to 2 TCI sets can be indicated and applied in a CC/BWP
· Each TCI set comprises one joint TCI state for joint DL/UL TCI update, or one DL TCI state and/or one UL TCI state for separate DL/UL TCI update, where the joint/DL/UL TCI state(s) is indicated/ updated by MAC-CE or DCI with the necessary MAC-CE based TCI state activation
· Note: Each TCI set may correspond to one TRP
On the maximum of number of TCI sets that can be indicate and applied in a CC/BWP for CJT, this can be discussed once RAN1 has any agreement on support of applying multiple TCI states simultaneously for CJT.
Proposal 3: Maximum number of TCI sets that can be indicated and applied in a CC/BWP for CJT can be discussed once RAN1 has any agreement on support of applying multiple TCI states simultaneously for CJT

Exact number of TCI sets that UE needs to apply in a CC/BWP
In Rel-16/17, different MTRP schemes can be configured/enabled based different mechanisms, e.g., RRC configuration, DCI indications, or combinations of them. For example, whether a PDSCH reception is transmitted by STRP or S-DCI based MTRP depends the number of DL TCI states associated with the indicated TCI codepoint in the scheduling DCI. For S-DCI based PDCCH repetition, UE performs soft combining based on the two search space sets that are linked by RRC configuration. For PDSCH-SFN, whether SFN is enabled for PDSCH reception depends on RRC configuration and the number of DL TCI states associated with the indicated TCI codepoint. In legacy, one or two DL TCI states or spatial relations can be provided individually for each of the channels depending on whether each of the MTRP schemes is enabled/disabled.
In Rel-17 unified TCI, the single TCI set is shared by multiple DL and UL channels, which at least include UE-dedicated PDCCH/PDSCH receptions and all PUCCH/PUSCH transmissions. Similarly, in unified TCI extension for MTRP, the multiple TCI sets may be shared by multiple DL and UL channels for different MTRP schemes. Thus, there should be a unified way to determine/configure the exact number of TCI sets that UE needs to be applied in a CC/BWP. Regarding the potential configuration/determination scheme, at least the following two options can be considered:
· Alt1: The number of TCI sets that UE needs to apply in a CC/BWP is configured/determined based on the indicated TCI codepoint
· Alt2: The number of TCI sets that UE needs to apply in a CC/BWP is configured/determined based on TCI state activation
· Alt3: The number of TCI sets that UE needs to apply in a CC/BWP is configured/determined based on RRC configuration
These three alternatives will cause different UE behaviours when UE receives an indicated TCI codepoint associated with different number of TCI sets, as the example shown in Figure 1. For Alt1, since the number of TCI sets that UE needs to apply in a CC/BWP is directly determined based on the indicated TCI codepoint, UE will switch from MTRP to SMTP if the indicated TCI codepoint is associated with only one TCI set. For Alt2 and Alt3, since the number of TCI sets that UE needs to apply in a CC/BWP is independent from the indicated TCI codepoint, UE will keep the current joint/DL/UL TCI state(s) for the TCI set that is not updated by the indicated TCI codepoint. In other words, the TCI field is no longer used for enabling/disabling MTRP scheme(s). Instead, the TCI field is used only for TCI state update.
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Figure 1. UE behaviours when UE receives a TCI codepoint associated with different number of TCI sets

On which alternatives is adopted, it may be different for M-DCI and S-DCI based MTRP.
For M-DCI based MTRP, it should be straightforward to configure/determine based on the corresponding RRC configuration, i.e., coresetPoolIndex. If two different coresetPoolIndex values are configured in a DL active BWP of a CC, UE needs to apply two TCI sets in both active DL and UL BWPs of the CC, where each TCI set is 1-to-1 associated with a coresetPoolIndex value.
Proposal 4: On unified TCI extension, if UE is configured with two different values of coresetPoolIndex in an active DL BWP of a CC, UE needs to apply 2 TCI sets in the active DL and UL BWPs of the CC, where each TCI set is 1-to-1 associated with a coresetPoolIndex value
For S-DCI based MTRP, as we mentioned above, the TCI sets may be shared by different S-DCI based MTRP schemes, where some of S-DCI based MTPR schemes can be enabled dynamically and some of S-DCI based MTPR schemes can be only configured semi-statically. If Alt1 is adopted, the problem is how to handle the MTRP schemes configured by RRC/MAC-CE, e.g., if CORESET(s) is associated with two TCI sets for PDCCH-SFN by MAC-CE, how to handle this case if one of the TCI sets is disabled by DCI. If Alt2 is adopted, additional DCI signaling may be needed to enable/disable MTRP scheme(s) if the MTRP scheme(s) is enabled/disabled MTRP scheme(s) based on the indicated TCI codepoint in legacy. In our view, for unified TCI extension, it is better to decouple TCI state update and enabling/disabling MTRP scheme(s).
Proposal 5: On unified TCI extension for S-DCI based MTRP, down-selection from one of the followings:
· Atl1: The number of TCI sets that UE needs apply in a CC/BWP is configured/determined based the indicated TCI codepoint
· Atl2: The number of TCI sets that UE needs apply in a CC/BWP is configured/determined based on RRC configuration
· Atl3: The number of TCI sets that UE needs apply in a CC/BWP is configured/determined based on TCI state activation

Whether joint DL/UL TCI update and separate DL/UL TCI update can be supported in a same CC/BWP
In Rel-17 unified TCI, one CC can be configured with either joint DL/UL TCI update or separate DL/UL TCI update by RRC. One use case of separate DL/UL TCI update 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. Note that even a CC is configured with separate DL/UL TCI update, NW still can indicate the same serving beam for both DL and UL.
In RAN1#109, 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 update is still MPE mitigation, there is no reason to configure separate DL/UL TCI update only for one of the TRPs since MPE may happen on any link to the TRPs and NW cannot predict it.
Proposal 6: The need of supporting joint DL/UL TCI update and separate DL/UL TCI update in a same CC/BWP for e.g., different TRPs, should be justified

Issue 2: TCI state update and activation
TCI state update and activation 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. For ideal case, we think each TRP can update the TCI state(s) not only for itself but also for another TRP. Therefore, both schemes can be supported for TCI state update for M-DCI based MTRP, and NW can configure either one of them according to its deployment. 
When ideal backhaul is deployed, NW can configure a BWP/CC to perform TCI state update like S-DCI based MTRP, where the TCI field in any DCI can update all TCI sets in a CC/BWP. In our view, both Alt1 and Alt3 can be adopted for this use case, and we don't see difference between them. 
When non-backhaul is deployed, NW can configure a BWP/CC to perform individual TCI state update for each TRP, i.e., Alt2, where the TCI field in one DCI transmitted by one CORESET pool can only update the TCI set associated with the CORESET pool.
The configuration between joint and separate update modes in a CC/BWP can be provided by RRC or MAC-CE.
Proposal 7: On unified TCI extension for M-DCI based MTRP, either one of the following modes can be configured to a CC/BWP or a set of CCs/BWPs in a CC list for TCI state update:
· Joint update mode: The existing TCI field in DCI format 1_1/1_2 can update both TCI sets in a CC/BWP or a set of CCs/BWPs in a CC list
· Separate update mode: The existing TCI field in DCI format 1_1/1_2 associated with one of coresetPoolIndex values can update the TCI set associated with the same coresetPoolIndex value in a CC/BWP or a set of CCs/BWPs in a CC list
FFS: How to configure the update mode in a CC/BWP, e.g., by RRC or MAC-CE?

TCI state update and activation for S-DCI based MTRP
In RAN1#109 [2], the following was agreed for TCI state update 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


On the next level detail of TCI state update for S-DCI based MTRP, including the combinations of joint/DL/UL TCI states that can be mapped to a codepoint of the TCI field in DCI format 1_1/1_2 and the UE behaviour if DCI format 1_1/1_2 indicates such a TCI codepoint, would depend on the following prerequisite issues:
· Maximum number of indicated TCI states that can be supported in a CC/BWP
· Exact number of TCI sets that UE needs to apply in a CC/BWP
· Whether joint DL/UL TCI update and separate DL/UL TCI update can be supported in a same CC/BWP
We prefer to discuss these details after RAN1 reaches some conclusions on above prerequisite issues. 
Observation 12: On detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint for TCI state update for S-DCI based MTRP, it will be impact by the following prerequisite issues:
· Maximum number of TCI sets that can be indicated and applied in a CC/BWP?
· Exact number of TCI sets that UE needs to apply in a CC/BWP?
· Whether joint and separate DL/UL TCI update can be supported in a same CC/BWP?

Issue 3: How to map the TCI set(s) to a target channel/signal
For PDCCH /PDSCH receptions, whether the TCI set(s) can apply only to PDCCH/PDSCH that share the unified TCI state as defined in Rel-17
In Rel-17 unified TCI, whether PDCCH and respective PDSCH sharing the single TCI set is semi-statically configured depending on type(s) of the associated search space set(s) and the corresponding RRC parameter (i.e., followUnifiedTCIstate), In unified TCI extension, whether the multiple TCI sets still apply only to the particular PDCCH/PDSCH defined in Rel-17 should be further discussed. Note that in Rel-17 unified TCI, only if UE supports the reusing of Rel-15/16 signaling, otherwise, all the PDCCH should apply the single TCI set. In other words, all PDCCH/PDSCH sharing the unified TCI is the baseline configuration of Rel-17 unified TCI. Therefore, we don't see the need to have such restriction in unified TCI extension.
Proposal 8: For PDCCH /PDSCH receptions, study whether the TCI set(s) can apply only to PDCCH/PDSCH receptions that share the unified TCI state as defined in Rel-17

PDCCH receptions in S-DCI based MTRP
In RAN1#109 [2], some alternatives are identified for map/associate joint/DL TCI state(s) to PDCCH reception(s):
	Agreement from RAN1#109
On unified TCI framework extension for S-DCI based MTRP, consider at least the following alternatives to map/associate a joint/DL TCI state to PDCCH reception(s)
· Atl1: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt2: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a search space set
· Alt3: Use MAC-CE to inform the mapping/association between an activated or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt4: Use DCI to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
Consider above alternatives for PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. It is not precluded to adopt one single alternative or multiple alternatives to support these cases.


In unified TCI extension, when two TCI sets are indicated and applied in a CC/BWP, how to map one or both TCI sets to PDCCH reception(s) need to be specified at least for the following three cases:
· Case 1: MTRP scheme requires one TCI set per CORESET, e.g., PDCCH repetition
· Case 2: MTRP scheme requires two TCI sets per CORESET, e.g., PDCCH-SFN
· Case 3: STRP scheme requires one TCI sets per CORESET
Our views are provided as follows:
1. One unified mapping/association scheme can be used for all three cases. One or two TCI sets can be signalled by the same scheme. We don't see the need to introduce separate mapping/association schemes for them.  
2. For S-DCI based MTRP, we don't see the need to introduce grouping for CORESETs.
3. DCI-based mapping/association scheme should be precluded since the flexibility from RRC or MAC-CE is sufficient to enable S-DCI MTRP schemes for PDCCH.
4. Fixed mapping/association rule should be also precluded since the flexibility to map/associate PDCCH reception(s) to different TRPs is still needed.
5. The mapping/association target should be CORESET, which follows the same principles in Rel-15/16 MTRP and Rel-17 unified TCI. Unnecessary spec effort may be needed if we change the target from CORESET to search space set. We prefer to preclude Alt2.
6. On dynamic switching between S-TRP and M-TRP for PDCCH, this has been supported in Rel-17 PDCCH-SFN, thus it should be considered as well when we choose the mapping/association scheme from alternatives.
Proposal 9: On unified TCI extension for S-DCI based MTRP, when two TCI sets are applied in a CC/BWP, down-selection from one of the following alternatives to map/associate the one or two TCI sets to a CORESET for PDCCH with repetition/SFN and PDCCH w/o repetition/SFN in the CC/BWP:
· Atl1: Use RRC configuration to inform the mapping/association between the TCI set(s) and a CORESET 
· Atl2: Use MAC-CE to inform the mapping/association between the TCI set(s) and a CORESET

PDSCH receptions (including SPS) in S-DCI based MTRP
In Rel-17 unified TCI, if PDCCH follows the single TCI set, respective PDSCH shall follow the single TCI set as well. In unified TCI extension for S-DCI based MTRP, if two TCI sets are applied in a CC/BWP, we should consider the scheduled/activated PDSCH with S-DCI base MTRP (including PDSCH TDM/FDM/SDM/SFN schemes) and without S-DCI base MTRP (i.e., STRP). Potential mapping/association schemes are listed as follows:
· Atl1: The TCI set applying to the scheduling/activating PDCCH applies to the scheduled/activated PDSCH
· Atl2: The two TCI sets apply to scheduled/activated PDSCH, i.e., MTRP scheme is enabled for the scheduled/activated PDSCH
· Alt3: An indicator in the scheduling/activating DCI indicates either Alt1 or Alt2 for the scheduled/activated PDSCH
In our view, if PDSCH is transmitted from STRP, it should follow the TCI set applying to the scheduling/activating PDCCH. If PDSCH is transmitted from MTRP, both TCI sets should be applied. However, even two TCI sets are applied in a CC/BWP, the two TCI sets may be applied simultaneously to other channels for MTRP operation rather than PDSCH. Considering that dynamic switching between STRP and MTRP for PDSCH is already supported in Rel-16/17, there should be an indicator in the scheduling/activating DCI to dynamically switch between Alt1 and Alt2, thus Alt3 should be adopted.
Like PDCCH, whether the multiple TCI sets still apply only to the particular PDSCH receptions defined in Rel-17 should be further discussed as well.
Proposal 10: On unified TCI extension for S-DCI based MTRP, if two TCI sets are applied in a CC/BWP, down-selection from one of the following alternatives for PDSCH with TDM/FDM/SDM/SFN schemes and PDSCH w/o TDM/FDM/SDM/SFN schemes in the CC/BWP:
· Atl1: The TCI set applying to the scheduling/activating PDCCH applies to the scheduled/activated PDSCH, i.e., STRP PDSCH
· Atl2: The two TCI sets apply to scheduled/activated PDSCH, i.e., MTRP scheme (TDM/FDM/SDM/ SFN) is enabled
· Alt3: An indicator in the scheduling/activating DCI indicates either Alt1 or Alt2 for the scheduled/activated PDSCH
PUCCH transmissions in S-DCI based MTRP
In Rel-17 UL MTRP, one PUCCH resource can be provided by MAC-CE with two spatial relations for PUCCH repetition. In unified TCI extension, how to map one or both TCI sets to PUCCH transmission(s) need to be specified at least for the following two cases:
· Case 1: STRP scheme requires one TCI set per PUCCH resource
· Case 2: MTRP scheme requires two TCI sets per PUCCH resource, e.g., PUCCH repetition
In our view, both RRC and MAC-CE based association/mapping schemes can be considered, and one unified solution should be sufficient to support the two cases. Meanwhile, dynamic switching between STRP and MTRP for PUCCH repetition should be considered as well, which is supported at least in Rel-17 though MAC-CE.
Proposal 11: On unified TCI extension for S-DCI based MTRP, when two TCI sets are applied in a CC/BWP, down-selection from one of the following alternatives to map/associate the one or two TCI sets to a PUCCH resource for PUCCH repetition in the CC/BWP:
· Atl1: Use RRC configuration to inform the mapping/association between the TCI set(s) and a PUCCH resource 
· Atl2: Use MAC-CE to inform the mapping/association between the TCI set(s) and a PUCCH resource

PUSCH transmissions in S-DCI based MTRP
In unified TCI extension for S-DCI based MTRP, if two TCI sets are applied in a CC/BWP, we should consider PUSCH transmission with S-DCI base MTRP (including at least PUSCH TDM scheme) and without S-DCI base MTRP (i.e., STRP). In Rel-17 PUSCH repetition, for DG-PUSCH and Type2 CG-PUSCH, an SRS resource set indicator field is introduced in DCI format 0_1/0_2 to implicitly indicate the switching between STRP/MTRP and which TRP(s) is used for the schedule/activated PUSCH transmission. We see the SRS resource set indicator field can be reused to associated/map one or two TCI sets to a PUCCH resource in the CC/BWP. For Type1 CG-PUSCH, the association/mapping scheme can be further discussed.
Proposal 12: On unified TCI extension for S-DCI based MTRP, when two TCI sets are applied in a CC/BWP, reuse the existing SRS resource set indicator field in DCI format 0_1/0_2 to inform the mapping/ association between the TCI set(s) and the scheduled/activated DG/CG-PUSCH transmission
· FFS: The association/mapping scheme for Type1 CG-PUSCH

PDCCH receptions in M-DCI based MTRP
In unified TCI extension for M-DCI based MTRP, in our view, there are two potential association/mapping schemes. One is using the same association/mapping scheme as S-DCI based MTRP, another is directly based on the 1-to-1 association between a TCI set and each coresetPoolIndex value. The association/mapping scheme for S-DCI based MTRP can provide more flexibility since how to maintain the association between the TCI set(s) and each CORESET. The association/mapping scheme based on the coresetPoolIndex value is simpler and more straightforward. Moreover, such association/mapping scheme can be used not only for PDCCH but also for other channels/signals that have explicit/implicit association with the coresetPoolIndex value.
Proposal 13: On unified TCI extension for M-DCI based MTRP, down-selection from one of the following alternatives to map/associate one TCI set to a CORESET in a CC/BWP:
· Alt1: Reuse the same association/mapping scheme for S-DCI based MTRP for PDCCH
· Atl2: For a CORESET associated with one of coresetPoolIndex values, the UE should apply the TCI set corresponding to the coresetPoolIndex value to PDCCH receptions on the CORESET

Other channels/signals in M-DCI based MTRP
For channels/signals other than PDCCH in M-DCI based MTRP, the association/mapping scheme(s) can be further discussed after there is any conclusion on PDCCH.
Proposal 14: On unified TCI extension for M-DCI based MTRP, further discuss how to map the TCI sets to channels/signals other than PDCCH after RAN1 has conclusion on the association/mapping scheme for PDCCH

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 15: 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 16: 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:
Review of MTRP schemes from Rel-15 to Rel-17, and potentially Rel-18
Observation 1: Rel-15 already can support dynamic point selection (DPS) based MTRP schemes by indication of different TCI states for CORESETs and/or scheduled PDSCHs
Observation 2: Rel-16 M-DCI-based MTRP schemes support two CORESET pools, which may be associated with different TRPs, and each CORESET pool has individual TCI state activation/indication 
· Note: Indication of different TCI states for two CORESET pools is already supported by Rel-15 per-CORESET TCI state indication
Observation 3: Rel-16 S-DCI-based MTRP schemes support simultaneous indication of two TCI states by scheduling DCI for two DMRS CDM groups transmitted from MTRP, or for PDSCH repetition between MTRP
Observation 4: Rel-17 PUSCH repetition between MTRP supports indication of two spatial settings implicitly through the two SRS resource sets indicated by scheduling DCI, respectively
Observation 5: Rel-17 PUCCH repetition between MTRPs support two spatial settings provided for a dedicated PUCCH resource simultaneously
Observation 6: Rel-17 PDCCH repetition between MTRP supports two linked search space sets, where each of the linked search space sets can be associated with different CORESETs indicated with different TCI states, respectively. 
· Note: Different CORESETs indicated with different TCI states are already supported in Rel-15
Observation 7: Rel-17 HST-SFN supports simultaneous indication of two TCI states to a same CORESET for PDCCH-SFN and PDSCH-SFN
Observation 8: Rel-17 HST-SFN supports simultaneous indication of two TCI states by scheduling DCI for PDSCH-SFN
Observation 9: For Rel-18 simultaneous multi-panel UL transmission to MTRP, if specified, simultaneous indication of two beams need to be supported for S-DCI based MTRP schemes, e.g., FDM/SDM-based PUSCH/PUCCH transmission schemes.
Observation 10: For Rel-18 simultaneous multi-panel UL transmission to MTRP, if specified, the beam indication functions supported by Rel-16 M-DCI are also needed for M-DCI based MTRP schemes
Issue 1: General framework for unified TCI extension
Observation 11: On applying multiple TCI states simultaneously for CJT, whether and how to support it should be discussed and decided in RAN1 first since it is not supported in current specification. On the other hand, this issue may be out of scope of Rel-18 MIMO.
Proposal 1: Study whether to support applying multiple TCI states simultaneously for CJT
Proposal 2: On unified TCI extension for target use cases agreed in RAN1#109, up to 2 TCI sets can be indicated and applied in a CC/BWP
· Each TCI set comprises one joint TCI state for joint DL/UL TCI update, or one DL TCI state and/or one UL TCI state for separate DL/UL TCI update, where the joint/DL/UL TCI state(s) is indicated/ updated by MAC-CE or DCI with the necessary MAC-CE based TCI state activation
· Note: Each TCI set may correspond to one TRP
Proposal 3: Maximum number of TCI sets that can be indicated and applied in a CC/BWP for CJT can be discussed once RAN1 has any agreement on support of applying multiple TCI states simultaneously for CJT
Proposal 4: On unified TCI extension, if UE is configured with two different values of coresetPoolIndex in an active DL BWP of a CC, UE needs to apply 2 TCI sets in the active DL and UL BWPs of the CC, where each TCI set is 1-to-1 associated with a coresetPoolIndex value
Proposal 5: On unified TCI extension for S-DCI based MTRP, down-selection from one of the followings:
· Atl1: The number of TCI sets that UE needs apply in a CC/BWP is configured/determined based the indicated TCI codepoint
· Atl2: The number of TCI sets that UE needs apply in a CC/BWP is configured/determined based on RRC configuration
· Atl3: The number of TCI sets that UE needs apply in a CC/BWP is configured/determined based on TCI state activation
Proposal 6: The need of supporting joint DL/UL TCI update and separate DL/UL TCI update in a same CC/BWP for e.g., different TRPs, should be justified
Issue 2: TCI state update and activation
Proposal 7: On unified TCI extension for M-DCI based MTRP, either one of the following modes can be configured to a CC/BWP or a set of CCs/BWPs in a CC list for TCI state update:
· Joint update mode: The existing TCI field in DCI format 1_1/1_2 can update both TCI sets in a CC/BWP or a set of CCs/BWPs in a CC list
· Separate update mode: The existing TCI field in DCI format 1_1/1_2 associated with one of coresetPoolIndex values can update the TCI set associated with the same coresetPoolIndex value in a CC/BWP or a set of CCs/BWPs in a CC list
FFS: How to configure the update mode in a CC/BWP, e.g., by RRC or MAC-CE?
Observation 12: On detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint for TCI state update for S-DCI based MTRP, it will be impact by the following prerequisite issues:
· Maximum number of TCI sets that can be indicated and applied in a CC/BWP?
· Exact number of TCI sets that UE needs to apply in a CC/BWP?
· Whether joint and separate DL/UL TCI update can be supported in a same CC/BWP?
Issue 3: How to map the TCI set(s) to a target channel/signal
Proposal 8: For PDCCH /PDSCH receptions, study whether the TCI set(s) can apply only to PDCCH/PDSCH receptions that share the unified TCI state as defined in Rel-17
Proposal 9: On unified TCI extension for S-DCI based MTRP, when two TCI sets are applied in a CC/BWP, down-selection from one of the following alternatives to map/associate the one or two TCI sets to a CORESET for PDCCH with repetition/SFN and PDCCH w/o repetition/SFN in the CC/BWP:
· Atl1: Use RRC configuration to inform the mapping/association between the TCI set(s) and a CORESET 
· Atl2: Use MAC-CE to inform the mapping/association between the TCI set(s) and a CORESET
Proposal 10: On unified TCI extension for S-DCI based MTRP, if two TCI sets are applied in a CC/BWP, down-selection from one of the following alternatives for PDSCH with TDM/FDM/SDM/SFN schemes and PDSCH w/o TDM/FDM/SDM/SFN schemes in the CC/BWP:
· Atl1: The TCI set applying to the scheduling/activating PDCCH applies to the scheduled/activated PDSCH, i.e., STRP PDSCH
· Atl2: The two TCI sets apply to scheduled/activated PDSCH, i.e., MTRP scheme (TDM/FDM/SDM/ SFN) is enabled
· Alt3: An indicator in the scheduling/activating DCI indicates either Alt1 or Alt2 for the scheduled/activated PDSCH
Proposal 11: On unified TCI extension for S-DCI based MTRP, when two TCI sets are applied in a CC/BWP, down-selection from one of the following alternatives to map/associate the one or two TCI sets to a PUCCH resource for PUCCH repetition in the CC/BWP:
· Atl1: Use RRC configuration to inform the mapping/association between the TCI set(s) and a PUCCH resource 
· Atl2: Use MAC-CE to inform the mapping/association between the TCI set(s) and a PUCCH resource
Proposal 12: On unified TCI extension for S-DCI based MTRP, when two TCI sets are applied in a CC/BWP, reuse the existing SRS resource set indicator field in DCI format 0_1/0_2 to inform the mapping/ association between the TCI set(s) and the scheduled/activated DG/CG-PUSCH transmission
· FFS: The association/mapping scheme for Type1 CG-PUSCH
Proposal 13: On unified TCI extension for M-DCI based MTRP, down-selection from one of the following alternatives to map/associate one TCI set to a CORESET in a CC/BWP:
· Alt1: Reuse the same association/mapping scheme for S-DCI based MTRP for PDCCH
· Atl2: For a CORESET associated with one of coresetPoolIndex values, the UE should apply the TCI set corresponding to the coresetPoolIndex value to PDCCH receptions on the CORESET
Proposal 14: On unified TCI extension for M-DCI based MTRP, further discuss how to map the TCI sets to channels/signals other than PDCCH after RAN1 has conclusion on the association/mapping scheme for PDCCH
Issue 4: UL Power control for UL MTRP schemes
Proposal 15: 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 16: 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
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