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1 Introduction
Rel-18 MIMO evolution for downlink and uplink [1] will specify extension of the unified TCI framework to MTRP case, UL beam indication enhancements for PUCCH/PUSCH with simultaneous multi-panel UL transmission and power control enhancements. In this paper, we discuss current spec support and possible enhancements on these scopes in more details.
	Objective of WI [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 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.
7. 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.
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2.1 Extension to multiple TCI states
In Rel-17, unified TCI framework is introduced to enable a fast beam switch and to reduce the signalling overhead and latency of beam indication. It is based on the concept of the common beam applied for PDCCH/PDSCH/PUCCH/PUSCH. Eventually, with Rel-17 enhancements, DLorJointTCIstate or UL-TCIState can be provided to UE for the purpose of beam indication for DL or UL channels. In addition, inter-cell beam indication is supported with the introduction in QCL-info of reference signals associated with additional PCI different from serving cell PCI.
Meanwhile, in Rel-17, enhancements for MTRP are based mainly on Rel-15/16 TCI state and spatial relation indication for DL and UL transmissions respectively, including support of PDCCH/PUCCH/PUSCH repetition and so on. In addition, inter-cell MTRP is supported.
It is expected that Rel-18 enhancements on unified TCI framework would cover all supported MTRP scenarios and transmission schemes in previous releases, namely, intra-cell and inter-cell MTRP scenarios, single-DCI and multi-DCI modes, NCJT and PDCCH/PDSCH/PUCCH/PUSCH repetition transmission schemes.
Proposal 1: Extension of unified TCI framework in Rel-18 should support both intra-cell and inter-cell MTRP scenarios, single-DCI and multi-DCI modes, NCJT and PDCCH/PDSCH/PUCCH/PUSCH repetition transmission schemes.
During Rel-17 discussions, the notations M and N are used to denote the number of DL TCI states and the number of UL TCI states respectively, and it can be interpreted as the support of MTRP when M>1 and/or N>1, which is eventually not specified in Rel-17. For discussion purpose, M and N can be also used in Rel-18. To be more precise and to be aligned with Rel-17 spec, M refers to the number of DLorJointTCIstate and N refers to the number of UL-TCIState respectively. The possible combinations include M>1 and/or N>1, for M=N and M≠N.
Proposal 2: Support M>1 and/or N>1, for M=N and M≠N, where M refers to the number of applied DLorJointTCIstate and N refers to the number of applied UL-TCIState respectively.
The specification work in Rel-18 needs to provide the methods about how to activate M and/or N TCI states and how to indicate the applied TCI states. In multi-DCI mode, each DCI can carry information about the applied TCI state. In single-DCI mode, two options can be considered as follows.
· Option 1: MAC CE can provide the pairing information of M and/or N TCI states for one codepoint of TCI field in DCI. The principle is same as the method provided in Rel-16 Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE and in Rel-17 Unified TCI States Activation/Deactivation MAC CE.
· Option 2: Introduce an additional TCI field in DCI to indicate a second TCI state to be applied.
Proposal 3: Specify the methods to activate and indicate multiple unified TCI states for MTRP via MAC-CE and/or DCI.
2.2 UL beam indication for simultaneous multi-panel UL transmission
Rel-17 MTRP PUCCH repetition enhancements provide method to indicate multiple spatial relations for a PUCCH resource or a PUCCH resource group, via the signalling PUCCH spatial relation Activation/Deactivation for multiple TRP PUCCH repetition MAC CE. The same principle can be reused to indicate multiple UL beams for PUCCH even considering simultaneous transmissons. For example, support of the application of mutliple UL TCI states for one PUCCH resource or one PUCCH resource group can be the starting point for UL beam indciation of multi-panel PUCCH.
Proposal 4: Support the application of multiple UL TCI states for one PUCCH resource or one PUCCH resource group.
On the other hand, for CB-based and NCB-based PUSCH transmission, it should be noted that the UL beams of indicated SRS resources in UL grant as precoding indication needed to be aligned with the UL beams used to transmit PUSCH. Not only the application of new beams for PUSCH, but also the application of new beams for SRS transmission needed to be studied. Depending also on the SRS configurations, we may need to discuss how to configure and apply multiple beams for a SRS resource or how to trigger multiple SRS resources with different beams being transmitted over the same OFDM symbol.
Proposal 5: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned for simultaneous multi-panel.

3 Conclusion
In this contribution, we provided our views on unified TCI framework extension for multi-TRP, and we have the following proposals:
Proposal 1: Extension of unified TCI framework in Rel-18 should support both intra-cell and inter-cell MTRP scenarios, single-DCI and multi-DCI modes, NCJT and PDCCH/PDSCH/PUCCH/PUSCH repetition transmission schemes.
Proposal 2: Support M>1 and/or N>1, for M=N and M≠N, where M refers to the number of applied DLorJointTCIstate and N refers to the number of applied UL-TCIState respectively.
Proposal 3: Specify the methods to activate and indicate multiple unified TCI states for MTRP via MAC-CE and/or DCI.
Proposal 4: Support the application of multiple UL TCI states for one PUCCH resource or one PUCCH resource group.
Proposal 5: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned for simultaneous multi-panel.
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