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Introduction
As part of Rel-18 work item on MIMO evolution for Downlink and Uplink [1], uplink MIMO enhancements were highlighted as main enhancements objectives. Simultaneous multi-panel UL transmission for higher UL coverage and average throughput using Rel. 17 unified TCI framework is one such objective.   
	· 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.





This contribution focuses on UL beam indication to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, assuming a multi-TRP unified TCI framework extension from Rel. 17.

Simultaneous Multi-Panel UL Transmission Enhancements
One of the main objectives of Rel. 18 evolution of MIMO is to narrow the gap between the DL and UL in terms of coverage, reliability and throughput enhancements. This is important as we see the need to address more demand on the uplink, both in FR1 and FR2 deployments, especially for higher capability UEs such as CPE, FWA, V2X devices, etc. 

For beam management, enhancements on multi-beam operation in Rel. 16/Rel. 17 were limited to UL transmission on a single panel. For multi-TRP/multi-panel enhancements, Rel. 16 introduced support for simultaneous DL multi-panel reception for FR2. In Rel. 17, enhancements on multi-TRP for PUSCH/PUCCH targeted TDM-based schemes. There is hence a need and an opportunity to improve the UL performance in FR2 by considering simultaneous multi-panel UL transmission (SMPTx). 

SMPTx should be supported to both improve the UL reliability, and the UL throughput. Repetition across multiple panels transmissions (same layer/channel transmitted simultaneously) should be considered for URLLC applications beyond multi-TRP TDM based PUCCH/PUSCH schemes supported in Rel. 17. Similarly, throughput enhancements across multiple panels transmissions (different layers from different panels transmitted simultaneously) should be considered for eMBB throughput enhancements. 

Proposal 1: Consider simultaneous multi-panel UL transmission enhancements with and without PUCCH/PUSCH repetitions.

As stated in the WID description on evolution of DL and UL MIMO for Rel. 18 [1], for SMPTx,  UL beam indication for PUCCH/PUSCH enhancements should be considered, assuming a unified TCI framework extension: 
· 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

Unified TCI framework was specified in Rel. 17, targeting single TRP scenarios, with limitation to M=N = 1. Rel. 18 will specify an extension of the Rel. 17 unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use cases [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.

The WID does not specify however if all or a subset of the DL and UL multi-TRP schemes specified in Rel. 16 and Rel. 17 should be included in the extension of the unified TCI framework. Considering the Rel. 17 unified TCI framework for multi-TRP operations,  some of the aspects of the beam indication and reporting for SMPTx enhancements can be analogous to beam indication and reporting for single panel UL multi-TRP schemes. Differentiation and/or joint design of the signaling can possibly be considered. The group should thus first agree on the scope of extension of the unified TCI framework to Rel.16/Rel. 17 DL and UL multi-TRP schemes.  

Proposal 2: Define the scope of the extension of unified TCI framework to DL and UL multi-TRP schemes in Rel. 18. 

In Rel. 17, there was a considerable discussion on the extension of the unified TCI framework to M, N >1, both for single and multi-TRP applications, before it was dropped for lack of consensus. Similarly in Rel. 16/Rel. 17, panel identification methods were highly contentious. 

When considering N>1, as defined in Rel. 17, each of the N source reference signals in the N UL TCIs provides a reference for determining UL Tx spatial filter at least for one of the N beam pair links associated with DG(s)/CG(s) based PUSCH, and/or subset of dedicated PUCCH resources in a CC. 

Beam indication for SMPTx can be based on N>1 UL TCI states in the unified TCI framework. Each UL TCI state indicates the UL Tx spatial filter corresponding to a PUCCH/PUSCH  associated with a panel entity. The association to the panel entity is determined by the UE, and can rely on UE reported capability value sets as a starting point. 

Proposal 3: Extend the Rel. 17 unified TCI framework with N>1 UL TCI states for simultaneous multi-panel uplink transmission. 

In Rel. 17, UE reported capability value sets were introduced for MPUE fast uplink panel selection, for the case of a single panel transmission. The same concept can be leveraged and extended to report simultaneous multi-panel transmission at the UE. 

Proposal 4: Use UE reported capability value sets to indicate simultaneous multi-panel uplink transmission at the UE


Another point to consider is when the UE is capable of multi-panel uplink transmission, it should be able to switch to single panel transmission. Switching can occur because of changes in UE channel conditions, network configurations, power savings, etc. Dynamic switching should be specified between single panel and multi-panel transmission at the UE. 

Proposal 5: Consider dynamic switching between simultaneous multi-panel and single-panel UL transmission. 

Finally, as we evaluate the performance gains of simultaneous multi-panel uplink transmission, both in terms of average and cell edge throughput, and reliability gains, we can rely on assumptions from the Rel. 17 multi-beam enhancements for MPE/multi-panel UEs EVM as a baseline. 

Proposal 6: Use the Rel. 17 EVM on MB for MPE/multi-panel UEs as a baseline for SLS evaluations for simultaneous multi-panel uplink transmission.

In the Rel. 17 evaluation assumptions, the UE was assumed to have 3 panels, and each panel had (M, N, P) = (1,4,2) antennas. For the SMPTx evaluations, as the UE devices are assumed more capable (e.g. CPEs), a different panel structure can be considered (e.g. (M,N,P) = (2,4,2)) for the performance evaluations.
Moreover, a panel blockage model was assumed in Rel. 17, such that a panel is selected to be blocked, and the remaining two panels are considered for transmission. For SMPTx, two out of three panels need to be selected for simultaneous transmission. Irrespective of the blockage model, the companies should report the selection criteria for choosing two panels for simultaneous uplink transmission, or switching to single panel transmission. One criterion can for example be RSRP difference between the two panels. 

Proposal 7: in the evaluation of simultaneous multi-panel uplink transmission, companies should report the panel(s) selection criteria 


Conclusion
In this contribution, we presented our views on the simultaneous multi-panel uplink transmission enhancements. We made the following proposals.

Proposal 1: Consider simultaneous multi-panel UL transmission enhancements with and without PUCCH/PUSCH repetitions.

Proposal 2: Define the scope of the extension of unified TCI framework to DL and UL multi-TRP schemes in Rel. 18. 

Proposal 3: Extend the Rel. 17 unified TCI framework with N>1 UL TCI states for simultaneous multi-panel uplink transmission. 

Proposal 4: Use UE reported capability value sets to indicate simultaneous multi-panel uplink transmission at the UE

Proposal 5: Consider dynamic switching between simultaneous multi-panel and single-panel UL transmission. 

Proposal 6: Use the Rel. 17 EVM on MB for MPE/multi-panel UEs as a baseline for SLS evaluations for simultaneous multi-panel uplink transmission.

Proposal 7: in the evaluation of simultaneous multi-panel uplink transmission, companies should report the panel(s) selection criteria 
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