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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#110-bis-e with regards to single-DCI-based multi-panel PUSCH scheduling [2]:

	Agreement
· Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, L, indicated by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers which are indicated by the first TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers which are indicated by the second TPMI field for CB PUSCH or the second SRI field for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
· Down-select one from the following two Alts for SDM scheme in RAN1#111:
· Alt1: the DMRS ports associated with two TPMI/SRI fields must be in different CDM groups.
· Alt2: the DMRS ports associated with two TPMI/SRI fields can be in same or different CDM groups.

Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB . 
· FFS : These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· For codebook -based PUSCH , DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook -based PUSCH , DCI indicates two SRI fields and each field indicates SRS resource(s)  for each SRS resource set separately. 
· FFS : For codebook -based PUSCH , the two SRS resources indicated by the two SRI fields can have different number of SRS ports

Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme

Agreement
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, Alt2 is supported. FFS: Whether Alt1 is supported in addition to Alt2.
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme of single-DCI based STxMP PUSCH or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme

Agreement
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission
· FFS the indication of dynamic switching
· FFS: max number of layers when switching to sTRP transmission

Agreement
Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18


DMRS ports indication for single-DCI-based SDM scheme
The two options available for the partition of the DMRS ports for the SDM scheme and their pros and cons are as follows:
· Option 1: Provide DMRS ports from different CDM groups for the two panels
· Option 2: The DMRS ports provided can be in the same or different CDM group
Option 1 is essentially a scheduling restriction, but it is in alignment with the DMRS port allocation for PDSCH SDM. Therefore, implementing such a restriction at the gNB may not be a critical issue. One of the issues with option 2 is that if two ports in the same CDM group are associated with two different panels, panel synchronization issues and/or phase differences between the TRPs during reception may affect the orthogonality between the DMRS ports. To avoid channel estimation impairments at the gNB, scheduling SDMed multi-TRP-PUSCH with different CDM groups is preferable. 

Proposal 1: Support mapping of DMRS ports from different CDM groups to different panels/SRS resource sets.
Dynamic switching between multi-TRP PUSCH schemes
Dynamic switching between STRP- and MTRP-based PUSCH transmissions via the SRS resource set indicator similar to the Rel.-17 TDM-based MTRP PUSCH scheme has been agreed in RAN1#110-bis-e. A dynamic fallback from MTRP to STRP via DCI/MAC-CE signalling is necessary to allow scheduling flexibility at the gNB, and also needed for scenarios where one of the TRPs may go out of coverage. However, dynamic switching between various MTRP schemes, each of which may address various target use-cases is in our view not required and also has very little utility. Therefore, RRC-based configuration of the MTRP scheme that has been agreed as the baseline is sufficient. Hence, dynamic switching between Rel. 17 MTRP PUSCH repetition, Rel. 18 SDM-PUSCH and Rel. 18 SFN-PUSCH shall not be supported.

Proposal 2: Support only RRC-based configuration/switching of MTRP-PUSCH schemes. Dynamic switching between MTRP schemes is not supported.
Multi-DCI-based multi-panel PUSCH

The following agreements were reached in RAN1#110-bis-e with regards to multi-DCI-based multi-panel PUSCH scheduling [2]:

	Agreement
Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.

Agreement
Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: Whether/how to associate coresetPoolIndex with SRS resource set implicitly or explicitly.
· FFS: the maximal number of configured/indicated SRS resources in each set for NCB/CB
· FFS: the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.
· For type 1 CG-PUSCH (if supported), FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH

Agreement
The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are fully/partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment within a PUSCH transmission occassion in the case of fully/partially overlapping in time domain

Agreement
Multi-DCI based STxMP PUSCH+PUSCH transmission at least supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + DG-PUSCH



For multi-DCI-based PUSCH scheduling, each DCI may schedule a single-panel PUSCH that has an explicit or an implicit association with one SRS resource set. The association may be performed via a CORESET pool index. If the association is performed implicitly, i.e., a fixed association rule between CORESET pool index and SRS resource set is specified, then switching the association between the panels and the TRPs may be difficult. However, by the use of identical panels and SRS configurations and leaving the mapping between the SRS resource sets and panels to the UE, the switching of panels associated with each TRP with changing channel conditions may be achieved via UE implementation. However, with explicit association via gNB signalling, higher flexibility in panel architecture, SRS configurations is achieved at the cost of possibly restrictive UE implementation and control overhead.

Proposal 3: Implicit or explicit association of SRS resource sets with a CORESET pool index is supported.
Conclusion
 
From the above discussions, the following proposals are made:

Proposal 1: Support mapping of DMRS ports from different CDM groups to different panels/SRS resource sets.
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Proposal 2: Support only RRC based configuration/switching of MTRP-PUSCH schemes. Dynamic switching between MTRP schemes shall not be supported.

Proposal 3: Implicit or explicit association of SRS resource sets with a CORESET pool index is supported.
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