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Introduction
In this paper, we present a discussion on extension of Rel-17 unified TCI framework to multi-TRP transmission/reception based on the MIMO WI objectives [1].
	2. 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
6. 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 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.


[bookmark: _Hlk47732020]Unified TCI Framework for Multi-TRP
In Rel-17 NR, unified TCI framework was introduced to unify beam indication for downlink and uplink using joint DL/UL TCI states for cases when downlink and uplink use the same beam and with separate DL/UL TCI for the case when beam correspondence is not assumed with different beams for downlink and uplink. The unified TCI framework assumes a common beam operation in DL and UL where the same beam is used across all DL/UL signals and channels unless specific RS and channels are configured not to apply the indicated TCI state. In Rel-17, the framework was specified only for single TRP case with M=1 downlink QCL and N=1 uplink spatial filter being indicated by each TCI codepoint i.e., MAC-CE maps a single joint TCI state or a single DL and/or a single UL TCI state to a TCI codepoint. 
In Rel-18 unified TCI framework should be extended to multi-TRP transmission schemes. To this end, the following agreements were made in RAN1#110 meeting [2].
	Agreement
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 at least 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
· FFS: 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
· 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
· FFS: 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 CORESET group(s)
· FFS: How to associate the indicated joint/DL TCI state(s) with each CORESET group
· FFS: The UE applies the indicated joint/DL TCI state(s) to a CORESET according to the CORESET group(s) the CORESET belongs to, or the UE applies the indicated joint/DL TCI state(s) associated with the CORESET group(s) in which the beam indication DCI is received to all PDCCH receptions
· 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
· FFS: 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
· 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
· FFS: 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
Switching between multi-TRP and single TRP operation is not precluded

Agreement
On unified TCI framework extension, at least for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, up to 4 TCI states can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list to DL receptions and/or UL transmissions, where these TCI states are indicated/updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation
· FFS: The possible combination(s) of joint/DL/UL TCI states that can be indicated to DL receptions and/or UL transmissions in a BWP/CC/TRP
· Note: This agreement does not imply that there will be more than 2 DL or UL or joint TCI states indicated in a CC/BWP for the target use cases agreed in RAN1#109-e in AI 9.1.1.1
· Note: The maximum number of TCI states that can be indicated to each of the target use cases agreed in RAN1#109-e in AI 9.1.1.1 is remained the same as in Rel-16/17
Note: The maximum number of TCI states that can be indicated simultaneously to CJT-based PDSCH reception and the required type(s) of TCI states (i.e., DL /UL/joint) are independently discussed in this AI

Agreement
On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, down-selection one alternative from the followings:
· 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
· FFS: Details of CORESET group(s)
FFS: PUSCH transmission scheduled/activated by a DCI format 0_0 and Type-1 CG-PUSCH

Agreement
On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission, down-selection at least one alternative from the followings:
· 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



Next, we discuss initial views on extension of unified TCI framework to Rel-16 and Rel-17
Issue 1 - General Framework for Unified TCI Extension
Unified TCI for mTRP Schemes Up to Rel-17 
TCI State Combinations
It has been agreed that up to 4 Unified TCI states can be indicated for mTRP schemes up to Rel-17. However, it was also clarified that the 4 TCI states may not include 4 joint TCI states. Based on the Rel-17 restriction on TCI state configuration to either joint DL/UL TCI or separate DL/UL TCI, the combinations to be supported across TRPs need to be based on which TCI mode is configured in each TRP. In this regard, TRPs configured with different TCI modes should be supported
Proposal 1: Support TCI indication for TRPs where the unified TCI mode (joint or separate DL/UL TCI) configured to each TRP can be different.
Then the following combination of TCI states can be supported
Table 1: TCI State Combinations for mTRP
	TCI Configuration at TRPs
	TCI TRP 1
	TCI TRP 2

	Joint at TRP 1/2
	1 Joint TCI
	1 Joint TCI

	Joint at TRP 1 + Separate at TRP 2
	1 Joint TCI
	1 DL TCI

	
	
	1 UL TCI

	
	
	1 DL TCI + 1 UL TCI

	Separate at TRP 1/2
	1 DL TCI + 1 UL TCI
	1 DL TCI + 1 UL TCI

	
	1 DL TCI + 1 UL TCI
	1 DL TCI

	
	
	1 UL TCI



Proposal 2: Support all TCI state combinations in Table 1

In Rel-17 NR, the choice of joint or separate DL/UL TCI is controlled by RRC configuration using a parameter unifiedtci-StateType.  This design means that there is no way to dynamically (MAC-CE or DCI) switch between joint and separate DL/UL TCI state. This is an artificial restriction which needs to be removed in Rel-18 since there may be use-cases where UE may want to switch between joint DL/UL and separate DL/UL TCI states. One dominant use case could be a micro-cell deployment where the micro-cell is UL only as shown in Figure 1. In this case efficient load balancing may be achieved without the need for RRC reconfiguration if joint and separate DL/UL TCI can be configured within the same CC and different MAC-CE codepoints have the option of being configured to separate or joint DL/UL TCI states.


[bookmark: _Ref111204633]Figure 1: Deployment with Rx only micro-cell where UE receives from macro-BS and transmits to micro-BS. Switching between separate and joint DL/UL TCI can help the network load balance and enable such mTRP deployments.
The need for a TCI codepoint with mapping to both joint and separate DL/UL TCI states is applicable for mTRP deployments where one TRP uses joint TCI state and the other TRP uses separate DL/UL TCI state. Such use-cases can be further discussed but as a first step the restriction on configuration of both TCI types within a CC can be removed. 
Proposal 3: Both joint and separate DL/UL should be supported to be configured to MAC-CE codepoints within the same CC without the need for RRC based switching.

Unified TCI for Coherent JT 
For Unified TCI state extension to Coherent JT, since CJT cluster size can be up to 4 TRPs as per WID, application of up to 4 TCI states can be supported since the QCL assumptions from the 4 TRPs which can be non-co-located can be different. 
Proposal 4: Support up to 4 TCI states to be simultaneously applied for CJT PDSCH reception.
We prefer to support per-TRP TRS transmissions and for 2 TCI States, Rel-17 PDSCH-SFN scheme A can be used. For 4 TCI states, specification impact and extension of Scheme A is needed. Furthermore, when more than 1 unified TCI is applied to CJT schemes, further discussion is needed in RAN1 on assumptions for channels other than PDSCH, since unified TCI states are applicable to multiple channels in DL and/or UL.
Proposal 1: For CJT operation with 4 joint DL/UL or separate DL TCI states, further discussion is need on TCI assumptions for other physical channels than PDSCH for the indicated TCI states. 
Issue 2 – TCI State Update and Activation
Single-DCI Multi-TRP
When unified TCI framework is used for beam indication for single DCI multi-TRP, for the case when the UE is configured with joint DL/UL beam indication with the value of unifiedtci-StateType set to “JointULDL”, the UE expects to be indicated with a TCI codepoint which is mapped to two joint DL/UL TCI states, one for each TRP. The legacy Rel-16/17 MAC-CE can be used to map the joint DL/UL TCI states to the TCI codepoints. When configured for separate DL/UL beam indication with the value of unifiedtci-StateType set to “SeparateULDL”, the UE expects to be indicated with a TCI codepoint which is mapped to two (M=2) DL TCI states or two (N=2) UL TCI states or two DL + two UL TCI states. In case Proposal 1 is supported, then the configuration of TCI codepoints will be irrespective of any RRC configuration and the same rules can be applied without dependence on unifiedtci-StateType. 
Proposal 5: Single-DCI multi-TRP can be supported by mapping TCI codepoints to 2 joint TCI states for joint DL/UL beam indication or by mapping a TCI codepoint to M=2 DL TCI and/or N=2 UL TCI states for separate TCI states.
Proposal 6: The beam application time for single-DCI multi-TRP can be configured per CC for all TRPs and is determined based on the smallest SCS among the CCs from the TRPs which apply the indicated beams.
For single DCI multi-TRP, since TCI states for two TRPs are indicated using a single DCI, there may the need to increase the capacity of the number of TCI states that can be indicated by DCI. One option is to increase the number of TCI codepoints in MAC-CE from 8 to 16 which will increase DCI overhead by a single bit but increase flexibility of TCI state mapping. Another option is to include an additional TCI in DCI field. While increasing of TCI filed in DCI may be possible for beam indication DCI 1_1/1_2 without DL assignment by using some of the reserve fields, it may not be possible for DL DCI 1_1/1_2 with DL assignment without introduction of new DCI fields which is a non-backwards compatible change. Additionally, it may also lead to different beam indication solutions for different DCI formats which further complicates the design.
Proposal 7: For single DCI multi-TRP, do not support adding new TCI in DCI field in addition to already existing fields for indication of second TCI state.

Multi-DCI Multi-TRP
For multi-DCI multi-TRP operation for scheduling PDSCH, in the case of joint DL/UL beam indication with the value of unifiedtci-StateType set to “JointULDL”, using a TCI state from a pool of joint DL/UL TCI (DLorJointTCIState), TCI codepoint mapped to M=1 joint DL/UL TCI state is indicated by the scheduling DCI in the case of more than single active or by MAC-CE in the case of single active TCI state. In case of separate DL/UL TCI operation, each DCI should indicate a TCI codepoint mapped to either a single (M=1) DL TCI state, a single (N=1) UL TCI state or alternatively a codepoint mapped to one DL and one UL TCI state. The beam indication using a DCI format should be for the same CORESETPoolIndex value i.e., within a CORESETPoolIndex, the beam indication can follow Rel-17 single TRP design. There needs to be further discussion on the use case for DCI with one CORESETPoolIndex indicating/updating the TCI state for TRP associated with the other CORESETPoolIndex. Therefore, such indication should not be supported at this stage. BFR may be one applicable use-case for cross-TRP beam indication but in this case, assuming one TRP has a non-failed beam, Rel-16 MAC-CE based BFR approach can also be reused instead of dynamic beam indication. 
Proposal 8: Multi-DCI Multi-TRP can be supported by unified TCI framework with M=N=1 where the DCI associated with a CORESETPoolIndex indicated the TCI for the same CORESETPoolIndex value.
For options to indicate/update the TCI states, the following has been proposed based on offline discussion:
	Proposal 2.A: On unified TCI framework extension for M-DCI based MTRP, down-select one of the following alternatives:
· Alt1: Use the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values to indicate the joint/DL/UL TCI state(s) associated with the same coresetPoolIndex value
· The UE shall apply the joint/DL/UL TCI state(s) associated with a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the coresetPoolIndex value
· Alt2: Use the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values to indicate the joint/DL/UL TCI state(s) associated with the same or different coresetPoolIndex value
· The UE shall apply the joint/DL/UL TCI state(s) associated with a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the coresetPoolIndex value
· FFS: Detail of signaling


For the above proposal, Alt-1 should be supported since Alt-2 seems to be directed more towards BFR applications, which in our viewpoint should be a separate discussion.
Proposal 9: For M-DCI mTRP, support using the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values to indicate the joint/DL/UL TCI state(s) associated with the same coresetPoolIndex value.
A default beam for each CORESETPoolIndex is applicable after initial access and before the first slot boundary after beam application time after the UE receives a first beam indication DCI for the corresponding CORESETPoolIndex. Once the UE receives a beam application DCI corresponding to a CORESETPoolIndex, the indicated beam, once applied is assumed to be active until a different TCI state is indicated either by DCI or MAC-CE.
Proposal 10: Default beam for multi-DCI multi-TRP is applicable after initial access and before a first beam indication. After BAT of first beam indication, the indicated TCI per CORESETPoolIndex remains active until a different TCI is indicated per CORESETPoolIndex.

Issue 3 – TCI State Association With Target Channels/Signals
PDSCH Reception for Single-DCI Multi-TRP
For PDSCH reception, the existing field in TCI may indicate the TCI states that the UE should apply to the PDSCH reception. Legacy field should be reused and mapping of TCI states to TRPs should be implicit based on MAC-CE configuration of TCI states. The beam application time for such indication should be further discussed i.e., it is based on the TRP sending DCI or considering both TRPs transmitting PDSCH. Furthermore, beam indication using DL DCI without data assignment also needs to be further discussed especially considering the BAT and how it limits ability of PDSCH reception from the 2 TRPs.
Proposal 11: For single-DCI mTRP PDSCH reception, use DCI 1_1/1_2 with DL assignment to inform which indicated TCI states the UE applies to PDSCH reception. Beam Application time should be further studied.
PDCCH Reception for Single-DCI Multi-TRP
For PDCCH reception for S-DCI based mTRP, of the options agreed in RAN1#110, Alt1-1 and Atl1-2 propose to use RRC based configuration to activate CORESETs with TCI states. These two options are in line with Rel-17 unified TCI design. However, Alt1-2 proposes to use CORESET groups which would add an additional layer of signalling i.e., association of CORESETs to CORESET groups without obvious benefits. Therefore, Alt1-1 is sufficient to support PDCCH reception for S-DCI mTRP. 
Proposal 12: For single-DCI mTRP PDCCH reception, support Alt1-1 from the agreement in RAN1#110.
PUSCH Transmission for Single-DCI Multi-TRP
For PUSCH transmission, firstly DCI formats 0_1/0_2 should be enabled for beam indication which was a missing functionality in Rel-17 unified TCI design. Then the beam indication field in this DCI can be used similar to the PDSCH case to indicate and implicitly map TCI states to PUSCHs
Proposal 13: For single-DCI mTRP PUSCH transmission, use DCI format 0_1/0_2 for beam indication and for informing association of TCI with PUSCHs. 
PUCCH Transmission for Single-DCI Multi-TRP
For PUCCH transmission, we do not see the need to introduce any dynamic indication. Similar to PDCCH case, using an RRC configuration to inform the association of TCI states to PUCCH resources/groups should be sufficient. 
Proposal 14:  For single-DCI based mTRP PUCCH transmission, use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group.

Multi-TRP Repetition Schemes
PDSCH Repetition Scheme 3 (TDMSchemeA) & Scheme 4 (TDMSchemeB)
When the time offset between the DCI and the 1st PDSCH transmission occasion is below the BAT when the scheduling DCI indicates the beams, and before the UE has received the first beam indication DCI with a TCI codepoint which is mapped to two joint DL/UL TCI states, or 2 DL + 2 UL TCI states, two default beams are applied where the default beams for each TRP are determined based on the activated TCI codepoints in the slot with the first PDSCH transmission and the lowest indexed TCI codepoint which is mapped to 2 joint DL/UL or 2 DL + 2 UL TCI states is considered to be the default beam.
Proposal 15: For PDSCH Repetition Schemes 3 and 4, default beam is based on the activated TCI codepoints in the slot with the first PDSCH transmission and is the lowest indexed TCI codepoint which is mapped to 2 joint DL/UL TCI states (joint DL/UL beam indication) or 2 DL and 2 UL TCI states (separate DL/UL beam indication).

PDCCH Repetition for Multi-TRP
[image: ]
[bookmark: _Ref102179232]Figure 2: PDCCH Repetition for Rel-17 Multi-TRP Operation with SS set linking
Rel-17 PDCCH repetition for multi-TRP operation is illustrated in Figure 1. For PDCCH repetition in Rel-17 multi-TRP, a DCI is repeated from two TRPs wherein each repetition is from a SS set linked to CORESET which associated with a TCI state. In Figure 1, PDCCH-1 and PDCCH-2 are repetitions of the same DCI. Candidate m of SS set-1 is linked with candidate m of SS-set-2 for a given AL, using RRC signaling.
For support of PDCCH repetition using unified TCI framework, CORESET-1 and CORESET-2 can be configured to apply the indicated joint or DL TCI state(s) only for the case when the indicated TCI codepoint maps to 2 joint or DL TCI states. The first TCI state in the codepoint applies to CORESET-1 and second TCI state in the codepoint maps to CORESET-2.
Proposal 16: For PDCCH repetition, the two CORESETs apply indicated TCI state(s) only when the TCI codepoint is mapped to two joint or DL TCI states. The first TCI state applies to CORESET 1 and the second TCI state applies to CORESET-2.

PUSCH Repetition for Multi-TRP
[image: ]
Figure 3: PUSCH Repetition for Rel-17 Multi-TRP Operation
For Rel-17 PUSCH repetition scheme for multi-TRP operation, only single DCI multi-TRP is supported. For Rel-18 unified TCI framework, to support PUSCH repetition for multi-TRP, an uplink DCI format 0_1 or 0_2 used for scheduling the PUSCH repetitions can be used to indicate a TCI codepoint mapped to two joint DL/UL TCI states or two UL TCI states.
Proposal 17: For PUSCH repetition, support UL DCI formats 0_1 or 0_2 indicating a TCI codepoint mapped to two joint DL/UL TCI states or two UL TCI states.

PUCCH Repetition for Multi-TRP
                                                             [image: ]Intra-Slot Repetition
Inter-Slot Repetition

Figure 4: PUCCH Repetition Schemes for Rel-17 Multi-TRP operation

[bookmark: _Hlk102180339]In Rel-17 multi-TRP, PUCCH repetition schemes were specified with both intra and inter slot repetition. When unified TCI framework is used to support PUCCH repetitions, PUCCH resources or resource sets can be configured to follow the indicated Rel-17 joint or UL TCI state and a beam indication DCI with format 1_1/1_2 (with or without data assignment) or 0_1/0_2 with UL data assignment can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition and this pattern repeats for every subsequent repetition
Proposal 18: For PUCCH repetition, DCI 0_1/0_2 can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition.
Unified TCI Framework for STxMP
Panel-ID reporting:


[bookmark: _Ref110958281]Figure 5. UL STxMP Transmission
As listed above, different STxMP schemes and transmission scenarios have been identified to study. In order to schedule STxMP UL transmission, the gNB should be informed about the association between the UE panels and the gNB transmission beams that are reported by the UE in L1 reports. This can be done by the following steps.
· Step-0: gNB transmits SSBs/CSI-RSs in different CSI-RS resource sets through different TRPs.
· Step-1: The UE measures the received the RSRP of SSB/CSI-RS that is received from a panel. Then, the UE performs panel selection and reports RSRPs in CSI report, where each SSB/CSI-RSRP is associated with a panel-ID indicating through which panel the SSB/CSI-RSRP is measured.
· Step-2: According to the RSRP values with panel ID, the gNB can determine whether to schedule a STxMP transmission or a single-panel UL transmission.
For example, as shown in Figure 5, the UE reports the RSRP of CSI-RS resource 1 with the ID of panel-1 being associated and the RSRP of CSI-RS resource 2 with the ID of panel-2 being associated. 
Furthermore, as agreed in Rel-17 unified TCI framework discussion, a list of UE capability value sets can be reported by the UE to facilitate UE-initiated panel activation and selection, where each UE capability value set comprises the max supported number of SRS ports and any two capability values sets are different. To be specific, for L1-RSRP reporting, when the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRPCapability[Set]Index' or 'ssb-Index-RSRP-Capability[Set]Index' an index of UE capability value set, indicating the maximum supported number of SRS antenna ports, is reported along with the pair of SSBRI/CRI and L1-RSRP. And L1-SINR reporting follows the same mechanism. 
This mechanism can be enhanced to support the UE panel indication for STxMP transmission. For example, different UE capability indices can be mapped to different SRS port groups which may have the same or different maximum supported number of SRS antenna ports. And the UE capability index is reported along with the pair of SSBRI/CRI and L1-RSRP/L1-SINR.
Proposal 19: To support STxMP operation with panel-id reporting, the Rel-17 UE capability value sets can be extended to the case of same maximum supported number of SRS ports (per panel). 
Note that a UE may have multiple physical panels, as shown in Figure 6. The panel-ID is a logical index for a physical panel which is determined and reported by the UE. This panel-ID could be a natural extension of the UE capability value set index that was introduced in Rel-17 for MP-UE fast panel switching as part of the unified TCI framework. A UE device may change its orientation and position from time to time, leading to the change of the optimal panel towards a TRP.


[bookmark: _Ref114665038]Figure 6. Different UE baseband capabilities
The information from panel-ID is used by the NW to select compatible TCI states for the uplink for a UE capable of STxMP operation. The indication of TCI states to the UE can follow Unified TCI framework extension to mTRP operation. The association of TCI states to UE panels can be fixed - the first and second TCI states could correspond to the first and second UE panels respectively.
Proposal 20: For STxMP operation, the first and second TCI states correspond to the first and second UE panels respectively.
Conclusion
In this paper, unified TCI extension to multi-TRP operation and simultaneous multi-panel UL transmission was discussed. The main proposals from this paper are outlined here:
Proposal 1: Support TCI indication for TRPs where the unified TCI mode (joint or separate DL/UL TCI) configured to each TRP can be different.
Proposal 2: Support all TCI state combinations in Table 1.

Proposal 3: Both joint and separate DL/UL should be supported to be configured to MAC-CE codepoints within the same CC without the need for RRC based switching.

Proposal 4: Support up to 4 TCI states to be simultaneously applied for CJT PDSCH reception.

Proposal 5: For CJT operation with 4 joint DL/UL or separate DL TCI states, further discussion is need on TCI assumptions for other physical channels than PDSCH for the indicated TCI states. 
Proposal 6: Single-DCI multi-TRP can be supported by mapping TCI codepoints to 2 joint TCI states for joint DL/UL beam indication or by mapping a TCI codepoint to M=2 DL TCI and/or N=2 UL TCI states for separate TCI states.
Proposal 7: The beam application time for single-DCI multi-TRP can be configured per CC for all TRPs and is determined based on the smallest SCS among the CCs from the TRPs which apply the indicated beams.
Proposal 8: For single DCI multi-TRP, do not support adding new TCI in DCI field in addition to already existing fields for indication of second TCI state.

Proposal 9: Multi-DCI Multi-TRP can be supported by unified TCI framework with M=N=1 where the DCI associated with a CORESETPoolIndex indicated the TCI for the same CORESETPoolIndex value.
Proposal 10: For M-DCI mTRP, support using the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one of coresetPoolIndex values to indicate the joint/DL/UL TCI state(s) associated with the same coresetPoolIndex value.
Proposal 11: Default beam for multi-DCI multi-TRP is applicable after initial access and before a first beam indication. After BAT of first beam indication, the indicated TCI per CORESETPoolIndex remains active until a different TCI is indicated per CORESETPoolIndex.

Proposal 12: For single-DCI mTRP PDSCH reception, use DCI 1_1/1_2 with DL assignment to inform which indicated TCI states the UE applies to PDSCH reception. Beam Application time should be further studied.

Proposal 13: For single-DCI mTRP PDCCH reception, support Alt1-1 from the agreement in RAN1#110.

Proposal 14: For single-DCI mTRP PUSCH transmission, use DCI format 0_1/0_2 for beam indication and for informing association of TCI with PUSCHs. 

Proposal 15: For single-DCI based mTRP PUCCH transmission, use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group.
Proposal 16: For PDSCH Repetition Schemes 3 and 4, default beam is based on the activated TCI codepoints in the slot with the first PDSCH transmission and is the lowest indexed TCI codepoint which is mapped to 2 joint DL/UL TCI states (joint DL/UL beam indication) or 2 DL and 2 UL TCI states (separate DL/UL beam indication).
Proposal 17: For PDCCH repetition, the two CORESETs apply indicated TCI state(s) only when the TCI codepoint is mapped to two joint or DL TCI states. The first TCI state applies to CORESET 1 and the second TCI state applies to CORESET-2.
Proposal 18: For PUSCH repetition, support UL DCI formats 0_1 or 0_2 indicating a TCI codepoint mapped to two joint DL/UL TCI states or two UL TCI states.
Proposal 19: For PUCCH repetition, DCI 0_1/0_2 can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition.
Proposal 20: To support STxMP operation with panel-id reporting, the Rel-17 UE capability value sets can be extended to the case of same maximum supported number of SRS ports (per panel). 
Proposal 21: For STxMP operation, the first and second TCI states correspond to the first and second UE panels respectively.
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