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Introduction

In RAN#94e, the following was agreed for the study of the simultaneous transmission across multiple UE panels in the MIMO work item [1]:

	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, various features concerning this part of the work item are discussed. The following agreements were reached in RAN1#109-e in this agenda item [2]:

	Agreement
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.
Note: Companies are encouraged to evaluate the different schemes for possible down-selection in RAN1#110.
Note: other schemes are not precluded

Agreement
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.
Note: The above study shall take into account the UE implementation and RF considerations.
Note: Study the conditions required for STxMP PUSCH+PUSCH.
Note: Other aspects are not precluded.

Agreement
Study the enhancement of SRS resource set configuration and SRI/TPMI indication for single-DCI based STxMP PUSCH scheme:
· The configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields of Rel-17 mTRP PUSCH TDM repetition is the starting point.
· FFS: The configuration of one SRS resource set, one or two SRI fields and one or two TPMI fields
· Note: This proposal does not mean that any possible SRI/TPMI enhancement on STxMP would be precluded. In RAN1#110, companies can suggest the detail SRI/TPMI enhancement with reasonable analysis and evaluation result.

Agreement
Study the layer combinations of {1+1, 1+2, 2+1, 2+2} for the SDM scheme (if supported) of single-DCI based STxMP PUSCH,
· This is for 1 CW at least.
· The layer combination for the SDM scheme can be further studied for 2 CW if 2 CW in SDM scheme is supported.
· FFS: study the layer combinations of {1+3, 3+1} under the above conditions.
· Companies are encouraged to provide SLS/LLS for their proposed layer combinations for the SDM scheme of single-DCI based STxMP PUSCH.

Agreement
Study if any enhancement is needed on DMRS port indication for the SDM scheme (if supported) of single-DCI based STxMP PUSCH 
· FFS how to map DMRS ports to two joint/UL TCI states/CWs/panels/TRPs/SRS resource sets/PUSCH layers for codebook-based and non-codebook based PUSCH respectively.



Simultaneous multi-panel transmissions of PUSCH

In Rel. 16 PDSCH for multi-TRP using single-DCI scheduling, the following schemes were specified to enhance the reliability and throughput: spatial division multiplexing of a single TB from two different TRPs, FDM-repetition of a TB from different TRPs, and TDM repetition across TRPs. TDM-based repetition has been specified for the PUSCH in Rel. 17. All the PDSCH schemes are specified up to a maximum of 4 layers, which makes it easy to replicate these schemes for the uplink. Therefore, we have the following proposal.  

Proposal 1: For single-DCI-based PUSCH, support SDM TB split, SDM repetition, SFN transmission and FDM A/B schemes.

For the SRS resource configuration and DCI indication for these schemes, the Rel. 17 TDM repetition scheme can be considered as a starting point. Regardless of the number of panels at the UE, enabling UE-implementation to determine the mapping between a panel and an SRS resource set with a total of 2 configured resource sets, facilitates the specification of this feature. As the SRI, PMI indication and even the SRS resource set indication are already available to be reused from Rel. 17 MTRP PUSCH, the usage of these parameter for the various schemes mentioned above for simultaneous PUSCH via multiple panels can be determined via RRC configuration.

Proposal 2: Reuse the Rel. 17 MTRP PUSCH features to specify PUSCH simultaneous multi-panel transmissions. The choice of the scheduled scheme can be determined via RRC configuration.

The overlapping of the simultaneously scheduled PUSCHs from multiple panels, i.e., multi-DCI-based PUSCH, is to be discussed. Since this is a multi-reception problem, any degree of overlapping shall be permitted, i.e., support fully/partially/non-overlapping transmissions in time and frequency domain. The power control modifications to facilitate this may depend on the degree of overlap and can be decided at a later stage.

Proposal 3: Allow for fully/partially/non-overlapping transmissions in time and frequency domain for simultaneous PUSCH transmission from multiple panels.
Conclusion
 
From the above discussions, the following proposals are made:

Proposal 1: For single-DCI-based PUSCH, support SDM TB split, SDM repetition, SFN transmission and FDM A/B schemes.

Proposal 2: Use Rel. 17 MTRP PUSCH scheduling features to specify PUSCH simultaneous multi-panel transmissions. The choice of the scheduled scheme can be determined via RRC configuration.

Proposal 3: Allow for fully/partially/non-overlapping transmissions in time AND frequency domain for simultaneous PUSCH transmission from multiple panels.
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