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1 Introduction
In RAN#86 meeting, the detailed objectives identified for multi-TRP deployment have been agreed, which are shown as follows [1]:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
0. 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 
0. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
0. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
0. Enhancement to support HST-SFN deployment scenario:
3. 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
3. 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
In this contribution, we provide our views on enhancements on uplink channels for multi-TRP.
PUSCH/PUCCH repetition for multi-TRP
In NR Rel-16, to enhance reliability and robustness, transmitting the same transport block from multiple TRPs has been supported for PDSCH. For single-DCI based TDM schemes, both non-slot-based (scheme 3) and slot-based (scheme 4) PDSCH repetitions are applicable. Basically, scheme 3 allows two TCI states to be used within the single slot, and each transmission occasion of the TB has one TCI with the time granularity of mini-slot to improve the efficiency. On the other hand, scheme 4 enables two TCI states, sequentially or cyclically, to be applied to different slots, and each transmission occasion of the TB has one TCI with the time granularity of slot.  
In Rel-17 WID for FeMIMO, it has been approved to enhance reliability of channels other than PDSCH. In terms of PUSCH, both slot-based repetition (slot aggregation in Rel-15) and non-slot-based repetition (enhanced PUSCH repetition in Rel-16) have been supported for single transmission layer. Regarding PUCCH transmission, NR also supports slot-based repetitions. In Rel-15/16, both repetition schemes are introduced assuming single TRP based or TRP-transparent. However, it would be beneficial and intuitive to also support both of them for PUSCH/PUCCH repetition under multi-TRP/panel scenario.
[bookmark: _Ref47706085]Proposal 1: Support slot-based and non-slot-based PUSCH/PUCCH repetitions for enhanced multi-TRP deployment.

For slot-based repetition, a new configuration other than using aggregation-Factor has been introduced for multi-TRP based PDSCH repetitions. Therefore, it should be further discussed whether to introduce a new configuration for multi-TRP/panel based PUSCH repetition or reuse the slot aggregation/PUSCH repetition Type A in NR Rel-15/Rel-16.
For non-slot-based repetition, an implicit indication has been applied to multi-TRP based PDSCH repetitions, and a transmission occasion is not allowed to cross slot boundary. However, for single transmission layer based PUSCH repetition discussed in Rel-16 eURLLC (i.e., PUSCH repetition Type B), a nominal repetition across the slot boundary is available. Consequently, it is unclear whether to introduce a new configuration or take PUSCH repetition Type B as baseline for multi-TRP/panel based PUSCH repetitions. Thus, further study for how to apply TDM based PUSCH repetition would be needed.  
[bookmark: _Ref47706086]Proposal 2: Study how to apply TDM schemes (e.g., introduce a new configuration or apply single transmission layer based PUSCH repetitions in NR Rel-15 and NR Rel-16 as baseline) for multi-TRP/panel based PUSCH repetitions.
For the repetition mechanisms discussed in Rel-16 multi-TRP based PDSCH enhancement, a UE receives individual PDSCH repetitions via the information carried in a single DCI. Similarly, in Rel-17 multi-TRP based PUSCH repetition, most of transmit parameters (e.g., TPMI, SRI, MCS, TPC, etc.) should be carried in a single scheduling DCI for indicating the UE how to perform transmission for individual repetitions. For codebook based PUSCH transmission, a TPMI and UL beam associated with the TPMI, indicated by a scheduling DCI, are applied to PUSCH transmission. For non-codebook based PUSCH transmission, a UE transmits multiple SRSs with different precoders to gNB, and then the gNB-desired precoder(s) and thus, rank, for PUSCH transmission will be indicated to the UE by a scheduling DCI. In multi-TRP scenario, since different TRPs are located on different geographic positions, assuming the same transmit parameters for transmitting PUSCH repetition of an uplink TB (Transport Block) toward different TRPs is not sensible. 
As shown in Figure 1, 2 TRPs are located on different geographic positions. Therefore, the channel between TRP#0 and the device should be different from the channel between TRP#1 and the device. If the device transmits PUSCH repetitions of a UL TB (i.e., PUSCH repetition#0, #1, #2 and #3) toward two TRPs by applying the same precoder, the benefit of repetitive PUSCH transmission could not be guaranteed. In other words, it would be beneficial to considering indicating multiple sets of transmit parameter to the UE for transmitting PUSCH repetitions of a UL TB toward different TRPs. In addition, these statements are also applicable for PUCCH transmission under multi-TRP scenario. At least for PUCCH TX beam, we see the possibility that UL beams would change when some of PUCCH repetitions target toward different TRP. 
[bookmark: _Ref47706091]Observation 1: Applying the same transmit parameters (e.g. TPMI, RI, SRI) for all PUSCH or PUCCH repetitions in multi-TRP scenario is not feasible.
[bookmark: _Ref47706096]Proposal 3: Study whether to introduce indication of multiple sets of transmit parameters for repetitive UL transmission in multi-TRP scenario.

[image: ]
[bookmark: _Ref47704557]Figure 1: Illustration of applying the same precoder for PUSCH repetitions toward different TRPs
[bookmark: _Hlk861261]From implementation point of view, to provide a reasonable spatial coverage in e.g., TDM manner, a UE is likely to be equipped with multiple UE panels, at least for FR2. Communicating with two geographically separated TRPs may involve using two different panels, with individual panels preferred for communicating with individual TRPs. This echoes the discussion above, where different transmit parameters are required for transmitting towards different TRPs. From FR2 point of view, beam could be one of the most crucial parameters to be determined. Since current FeMIMO scope includes fast UE panel switch, both intra-panel and inter-panel beam cycling is possible. When beam cycling is performed, intra-/inter-panel beam cycling may result in different requirements on beam switch latency. Some investigation should be performed to see if such latency difference would result in procedural impact.
[bookmark: _Ref47706100]Observation 2: Beam switch latency is different for intra-panel beam switch and for inter-panel beam switch.
[bookmark: _Ref47706104]Proposal 4: RAN1 to study procedural impact for inter-panel beam switch.
2 Conclusions
In this contribution, we discussed the potential enhancements on multi-TRP for uplink channels. Based on the discussion, we have observations and proposals as follows:
Proposal 1: Support slot-based and non-slot-based PUSCH/PUCCH repetitions for enhanced multi-TRP deployment.
Proposal 2: Study how to apply TDM schemes (e.g., introduce a new configuration or apply single transmission layer based PUSCH repetitions in NR Rel-15 and NR Rel-16 as baseline) for multi-TRP/panel based PUSCH repetitions.
Observation 1: Applying the same transmit parameters (e.g. TPMI, RI, SRI) for all PUSCH or PUCCH repetitions in multi-TRP scenario is not feasible.
Proposal 3: Study whether to introduce indication of multiple sets of transmit parameters for repetitive UL transmission in multi-TRP scenario.
Observation 2: Beam switch latency is different for intra-panel beam switch and inter-panel beam switch.
Proposal 4: RAN1 to study procedural impact for inter-panel beam switch.
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