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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 progress was achieved in RAN1#110 in this agenda item [2]:

	Working assumption
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will be made in RAN1#110bis-e.

Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} for single CW case. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.

Agreement
To enhance the DMRS port indication for SDM scheme of STxMP PUSCH transmission in single-DCI based mTRP system, study the following aspects:
· Whether the indicated DMRS ports can be in different or same CDM group?
· How to determine the port partition among PUSCH layers.
· How to map DMRS ports with PUSCH layers from different panels.
· Whether to use one DCI field or two DCI fields for DMRS port indication
· How to indicate layer combination that is used to partition DMRS port partition among PUSCH layers.
· Other aspects are not precluded.

Agreement
Study and evaluate STxMP PUCCH based on the following:
· For single-DCI based STxMP PUCCH transmissions, companies to provide the detailed description of the scheme being evaluated along with evaluation results in contribution.
· For multi-DCI based STxMP PUCCH transmissions, transmitting two PUCCH resources with independent UCI payload to different TRPs with different UE panels that are fully or partially overlapping in time domain and partially/fully/non-overlapping in frequency domain can be considered.
· Note: Companies can reuse the EVM assumptions of Rel-18 STxMP as agreed in RAN1#109-e (other than the parameters that are specific to PUSCH) as well as Rel-17 EVM for PUCCH as agreed in RAN1#102-e (PUCCH format, # of RBs/symbols, UCI payload, and Frequency hopping as shown below).
· Baseline scheme can be Rel-15 PUCCH or Rel-17 mTRP PUCCH repetition.
	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH or Rel-17 mTRP PUCCH repetition

	PUCCH format
	Format 1 and 3.
Other PUCCH Formats can be optionally considered.

	# of RBs/symbols
	PUCCH Format 1: 4 symbols, 1 RB
PUCCH Format 3: 4 and 8 symbols, 1 RB
Other combinations are not precluded.

	UCI payload
	2 bits for PUCCH Format 1 (and Format 0, if considered). 
Companies to report assumptions on other PUCCH Formats

	Frequency hopping
	Reported by companies







Simultaneous multi-panel transmissions of PUSCH

In RAN1#110, the working group decided to proceed with the working assumption that the splitting of a PUSCH transmission to multiple TRPs is performed in Rel. 18. SFN-based PUSCH along with SDM will be decided in RAN1#110-bis-e. With the exclusion of FDM, SFN is the only other MTRP method available for PUSCH repetition with simultaneous multi-panel transmissions. By confirming the working assumption on specifying SDM and including SFN-based-PUSCH, Rel. 18 single-DCI-based PUSCH can cover a wide-range of URLLC and multi-panel use-cases.

Proposal 1: For single-DCI-based PUSCH, confirm the working assumption on SDM-based PUSCH.

Proposal 2: Support SFN-based transmission for single-DCI-based PUSCH

For the SRS resource configuration and DCI indication for both schemes, the Rel. 17 TDM repetition scheme can be considered as a starting point. Regardless of the number of panels at the UE, the mapping between a panel and an SRS resource set can be left to UE-implementation. With a total of 2 configured resource sets and up to 2 or 4 panels, simultaneous multi-panel transmission with UE-based panel/port mapping can be realized. The SRI and PMI indication and even the SRS resource set indication can be reused from the Rel. 17 MTRP PUSCH transmission scheme. The usage of these parameters for the various schemes mentioned above for simultaneous PUSCH via multiple panels can be determined via RRC configuration.

Proposal 3: Reuse the Rel. 17 MTRP PUSCH feature to specify PUSCH simultaneous multi-panel transmissions. The choice of the scheduled scheme – SDM or SFN – can be determined via RRC configuration.

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

Proposal 4: Allow fully/partially/non-overlapping transmissions in time and frequency domain for simultaneous multi-DCI-based PUSCH transmissions.

To allow dynamic switching between STRP- and MTRP-based PUSCH transmissions, the SRS resource set indicator can be used similar to the Rel.-17 TDM-based MTRP PUSCH scheme. Given that dynamic switching between STRP and MTRP is possible with the SRS resource set indicator, using the DMRS port indication for dynamic switching would be a redundant and unnecessary enhancement. In addition, DMRS port mapping for SDM to different TRPs may simply follow the CDM-based separation used for the PDSCH.

Proposal 5: SRS resource set indicator is used in DCI format 0_1/0_2 for dynamic switching between STRP- and MTRP-PUSCH for SDM.

Proposal 6: Map DMRS ports of different CDM groups to different SRS resource sets.
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From the above discussions, the following proposals are made:

Proposal 1: For single-DCI-based PUSCH, confirm the working assumption on SDM-based PUSCH.

Proposal 2: Support SFN-based transmission for single-DCI-based PUSCH

Proposal 3: Reuse the Rel. 17 MTRP PUSCH features to specify PUSCH simultaneous multi-panel transmissions. The choice of the scheduled scheme – SDM or SFN – can be determined via RRC configuration.

Proposal 4: Allow for fully/partially/non-overlapping transmissions in time and frequency domain for simultaneous PUSCH transmission from multiple panels.

Proposal 5: Use the SRS resource set indicator in DCI format 0_1/0_2 for dynamic switching between STRP and MTRP PUSCH in SDM.

Proposal 6: Map DMRS ports of different CDM groups to different SRS resource sets.
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