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Introduction
In RAN#94-e meeting, the detailed objectives identified for Rel-18 MIMO have been agreed, the objectives corresponding to the extension of Rel-17 Unified TCI framework for multi-TRP DL and UL operation are shown as follows [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.
· …
· 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.
In this contribution, we provide our views on applying the Rel-17 unified TCI framework for multi-TRP downlink and uplink transmission.
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Unified TCI Framework Extension
In Rel-17, it was agreed that a unified TCI state indication could be introduced to facilitate more efficient beam management for a larger number of configured TCI states. Generally, the unified TCI state indication can apply to all DL channels/signals (i.e., DL TCI state), all UL channels/signals (i.e., UL TCI state), and both DL and UL channels/signals (i.e., joint TCI state) through a unified TCI states activation/deactivation MAC CE. However, the unified TCI framework was based on single TRP assumption in Rel-17, and thus the possible impact on unified TCI framework extension for multiple TRP should be discussed. 
Firstly, which multiple TRP scheme could be applied to the unified TCI framework needs to be clarified in this meeting. For example, TDM based multi-TRP scheme, FDM based multi-TRP scheme, multi-DCI based multi-TRP scheme, and SFN based multi-TRP scheme. 
Which multiple TRP scheme could be applied to the unified TCI framework needs to be clarified.
Secondly, whether to apply different unified TCI state indications (e.g., MAC CE, DCI, or RRC configuration) or a common unified TCI state indication for different multi-TRP schemes should be further discussed since different multi-TRP schemes apply different methods to indicate two activated TCI states For instance, an enhanced TCI states activation/deactivation for UE-specific PDSCH MAC CE is used to activate multiple TCI states and a TCI codepoint contained in a single DCI is used to indicate two TCI states for TDM based multi-TRP PDSCH repetition, whereas the CORESETPoolIndex is used to distinguish PDSCH receptions from different TRPs for multi-DCI based multi-TRP scheme.
Whether to apply different unified TCI state indications or a common unified TCI state indication for different multi-TRP schemes should be discussed.
Lastly, in Rel-16 and Rel-17, how multiple TRP scheme operates on different channels was fully discussed, and thus every channels regardless of DL and UL might be received/transmitted from/to multiple TRPs or single TRP. In terms of unified TCI framework extension for multi-TRP, there might be multiple cases of combinations of single TRP based transmission and multi-TRP transmission either for DL channels or UL channels. Some potential combinations are listed as below. 
One of DL channels or both DL channels is received from single TRP and UL channels are transmitted to multiple TRPs
· Scenario 1: single TRP based PDCCH + multi-TRP based PDSCH + multi-TRP based PUCCH+ multi-TRP based PUSCH
· Scenario 2: multi-TRP based PDCCH + single TRP based PDSCH + multi-TRP based PUCCH+ multi-TRP based PUSCH
· Scenario 3: single TRP based PDCCH + single TRP based PDSCH + multi-TRP based PUCCH+ multi-TRP based PUSCH
One of UL channels or both UL channels are transmitted to single TRP and DL channels are received from multiple TRPs
· Scenario 4: multi-TRP based PDCCH + multi-TRP based PDSCH + single TRP based PUCCH+ multi-TRP based PUSCH 
· Scenario 5: multi-TRP based PDCCH + multi-TRP based PDSCH + multi-TRP based PUCCH+ single TRP based PUSCH
· Scenario 6: multi-TRP based PDCCH + multi-TRP based PDSCH + single TRP based PUCCH+ single TRP based PUSCH 
One of UL channels is transmitted to multiple TRPs and One of DL channels is received from multiple TRPs
· Scenario 6: multi-TRP based PDCCH + single TRP based PDSCH + multi-TRP based PUCCH+ single TRP based PUSCH 
· Scenario 7: single TRP based PDCCH + multi-TRP based PDSCH + single TRP based PUCCH+ multi-TRP based PUSCH
· Scenario 8: multi-TRP based PDCCH + single TRP based PDSCH + single TRP based PUCCH+ multi-TRP based PUSCH
· Scenario 9: single TRP based PDCCH + multi-TRP based PDSCH + multi-TRP based PUCCH+ single TRP based PUSCH 
Both UL and DL channels are transmitted/received to/from multiple TRPs
· Scenario 10: multi-TRP based PDCCH + multi-TRP based PDSCH + multi-TRP based PUCCH+ multi-TRP based PUSCH 
To provide a broader scope for unified TCI framework extension, different scenarios listed above for unified TCI framework extension and discussion on how to apply the unified TCI state indication for such different combinations can be considered.
Different combinations of single TRP based transmission and multi-TRP based transmission for unified TCI framework extension can be considered.
Default Beam for mTRP in a Unified TCI Framework
In NR, several default UE behaviors have been defined. For example, for single TRP PDSCH reception, when the scheduling offset is less than a threshold (i.e., timeDurationForQCL), the QCL assumption used to receive PDSCH will be identical to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a mentored search with the lowest controlResoureceSetId in the latest slot. 
Similarly, the default beams used for PDSCH reception by the UE are also defined in Rel-16. When the scheduling offset is less than a threshold (i.e., timeDurationForQCL), a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the QCL assumptions for multi-TRP PDSCH reception are identical to the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
 It's worth knowing that the default beam used for multi-TRP PDSCH reception will follow the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. However, in a unified TCI framework, it is possible that two different TCI states may be one DL TCI state and one UL TCI state instead of two DL TCI states, causing  ambiguity when the UE applies default beams for receiving multi-TRP based PDSCH.
Study the impact on multi-TRP default beam in a unified TCI framework in RAN1.
Conclusions
In this contribution, we discussed the issues regarding  applying the Rel-17 unified TCI framework extension for multi-TRP downlink and uplink transmission and default beam operation in a unified TCI framework. Based on the discussion in section 2, we have proposals as follows.
Proposal 1	Which multiple TRP scheme could be applied to unified TCI framework needs to be clarified.
Proposal 2	Whether to apply different unified TCI state indications or a common unified TCI state indication for different multi-TRP schemes should be discussed.
Proposal 3	Different combinations of single TRP based transmission and multi-TRP based transmission for unified TCI framework extension can be considered.
Proposal 4	Study the impact on multi-TRP default beam in a unified TCI framework in RAN1.
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