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Introduction
In the plenary RAN#86 meeting, the following objectives on the enhancements on NR-MIMO were laid out regards to multi-TRP deployment [1]:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
· Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
· Enhancement to support HST-SFN deployment scenario:
a. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
b. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

This contribution discusses various issues regarding PUSCH reliability enhancements for multi-TRP deployments.
PUSCH reliability enhancements
In RAN1#104-bis-e, the following agreements were reached in this topic [2].

Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 
 
Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
 
Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 
 
Agreement
When MAC-CE indicates a PL-RS ID for one or more SRI IDs, it also indicates whether the SRI IDs are associated with the first or the second SRS resource set.
 
Agreement
For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition,
· For S-DCI based multi-TRP PUSCH repetition Type B, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the first (X = 1) PUSCH repetition corresponding to the second beam.
· The UE is expected to follow the above operation for multiplexing A-CSI on two PUSCH repetitions only if 
· the first actual repetition corresponding to the first beam and the first actual repetition corresponding to the second beam does not have the same number of symbols, and 
· UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· The content for the two A-CSI should be the same
· Note: RAN1 has the assumption on CSI timelines are followed as rel-15/16, including UE shall expect the timeline for the first A-CSI meets Z and Z’ requirement
· FFS: For s-DCI based multi-TRP PUSCH repetition Type A and B, support multiplexing of A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation).
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Working Assumption
For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition,
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation
· FFS: Whether the new field is 1 bit or 2 bits

In this section, PUSCH reliability enhancements are discussed.

STRP/MTRP dynamic switching
The working assumption above provides a clean solution for dynamic switching of STRP and MTRP PUSCH transmissions. We propose that the working assumption is confirmed. Moreover, to make the design simpler and straight-forward, 2 bits can be used for the indication of STRP-MTRP transmission. When STRP transmission is to be performed, the SRI chosen for the PUSCH transmission shall be chosen by the dynamic switching indication itself.
Proposal 1: Confirm the working assumption on the introduction of new DCI field for indication for STRP-MTRP switching for PUSCH with a size of 2 bits. 
When one of the SRI fields is disabled due to STRP transmission, only the power control parameters (TPC commands, open-loop power control parameters) corresponding to that SRI field are used. This would mean that the UE is always provided with the power control parameters corresponding to both SRIs. The dynamic switching indication may indicate if the settings corresponding to one of the SRIs or both the SRIs are used for the PUSCH. Therefore, further enhancements may not be required for the case when only one of the SRIs is enabled for PUSCH.
Proposal 2: When only one of the SRIs is enabled for PUSCH transmission, no enhancements are required for the setting of default values for TPC and open-loop power control parameters.

PUSCH M-TRP sounding and SRI indication
The DCI to schedule MTRP PUSCH indicates 2 TPMIs, 2 TPC commands, 2 SRIs and an RV mapping scheme for the use of different RVs for different repetition instances. One of the sounding aspects to be finalized is the association of the SRI fields with the SRS resource sets. While the SRI fields may map in order to the first and second SRS resource set, there may be multiple SRS resource sets that may be configured with varying time-domain behaviours that are active or one of the SRS resource sets that is associated with one of the SRI fields may not be active. To account for such scenarios of SRS sounding and dynamic single- and multi-TRP supporting SRI indication, an SRI association mechanism similar to Rel-15/16 should be specified – the SRI should be associated with the latest SRS resource set transmission before the DCI scheduling the PUSCH. The time-domain behaviour of the latest SRS resource set transmitted is the one used for indication in the SRIs.

Proposal 3: Associate the SRI with the SRS resource sets with the same time-domain behaviour as the latest SRS transmission before the DCI scheduling the PUSCH.

Conclusion
The following proposals are made from the discussions above.
Proposal 1: Confirm the working assumption on the introduction of new DCI field for indication for STRP-MTRP switching for PUSCH with a size of 2 bits. 
Proposal 2: When only one of the SRIs is enabled for PUSCH transmission, no enhancements are required for the setting of default values for TPC and open-loop power control parameters.
[bookmark: _GoBack]Proposal 3: Associate the SRI with the SRS resource sets with the same time-domain behaviour as the latest SRS transmission before the DCI scheduling the PUSCH.
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