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Introduction
In last RAN1 e-meeting, the following was agreed:

Agreements:
For PUSCH repetition Type B, PUSCH transmit power is determined based on the nominal repetition duration.
In addition, there are some remaining issues on UCI piggyback with following options listed in feature lead summary:
· Option 1: The timeline conditions defined in TS 38.213 Section 9.2.5 should be satisfied by replacing PUSCHs with actual PUSCH repetitions. UCI is multiplexed on the first actual repetition. An actual PUSCH repetition that is not transmitted is not considered in the procedure. (Panasonic[8])
· Option 2: UCI is multiplexed on the first actual repetition that satisfies the timeline conditions defined in TS 38.213 Section 9.2.5. (Huawei/HiSi[17])
· Option 3: UCI is multiplexed on the overlapping actual repetition that has the largest number of symbols. (Samsung[9])
· What is the timeline consideration here?
· …

And, 
· Option 1: The calculation is based on the nominal repetition.
· Option 2: The calculation is based on the actual repetition.
· Option 3: The first part of the equation is based on the nominal repetition, and the second part of the equation is based on the actual repetition. (CATT[6])
· …

In this paper, some remaining issues for PUSCH enhancement are discussed. 

TP for power control
In RAN 1 #100-e meeting, it was agreed that the PUSCH transmit power is determined based on nominal repetition duration. Two methods to implement the agreement were discussed in email discussion in RAN 1 #100-e meeting. One is to define “PUSCH transmission occasion = actual repetition” and additionally clarify that the calculation of PUSCH transmission power is based on nominal repetition duration. The second method is to define “PUSCH transmission occasion = nominal repetition” and further clarify some special details. 
There are several parts using this definition in TS 38.213:
1. Power control calculation
0. [image: ]is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS38.101-3] for carrier [image: ] of serving cell [image: ] in PUSCH transmission occasion [image: ].
0. [image: ], where [image: ] for PUSCH with UL-SCH data, where  [image: ] is a number of resource elements determined as [image: ], where [image: ] is a number of symbols for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ], [image: ], and [image: ], [image: ] are defined in [5, TS 38.212]
1. Power control adjustment
1. For the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] in PUSCH transmission occasion [image: ]
-	[image: ] is a TPC command value included in a DCI format that schedules the PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] or jointly coded with other TPC commands in a DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, as described in Clause 11.3
1. PHR calculation
The types of UE power headroom reports are the following. A Type 1 UE power headroom [image: ] that is valid for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ]. A Type 3 UE power headroom[image: ] that is valid for SRS transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ].
Since the power control was agreed to calculate based on nominal transmission duration,  it makes sense that the power control adjustment and PHR calculation are also based on nominal transmission duration. 
Proposal #1: Power control adjustment and PHR calculation are based on nominal transmission duration.
In addition, the DMRS/PTRS overhead in each actual repetition may be different from the DMRS overhead in nominal repetition. Since the power control is calculated based on nominal repetition, the DMRS/PTRS overhead can be also assumed as a nominal repetition. 
Proposal #2: DMRS/PTRS overhead for each nominal repetition is used for power control calculation. 
The proposed TP to implement the above two proposals and the agreement on power control are as below:
Proposal #3: Adopt the TP in section 2 for TS 38.213.
7         Uplink Power control
Uplink power control determines a power for PUSCH, PUCCH, SRS, and PRACH transmissions. 
A UE does not expect to simultaneously maintain more than four pathloss estimates per serving cell for all PUSCH/PUCCH/SRS transmissions as described in Clauses 7.1.1, 7.2.1, and 7.3.1, except for SRS transmissions configured by IE SRS-Positioning-Config as described in Clause 7.3.1.
A PUSCH/PUCCH/SRS/PRACH transmission occasion [image: ] is defined by a slot index [image: ] within a frame with system frame number [image: ], a first symbol [image: ] within the slot, and a number of consecutive symbols [image: ]. For PUSCH with repetition Type B, the number of consecutive symbols L is the number of symbols in a nominal repetition, as described in [6, TS 38.214 Clause 6.1.2].


UCI multiplexing on PUSCH
For PUSCH repetition type B, due to unavailable OFDM symbols for PUSCH transmission during one nominal PUSCH repetition within one slot, one nominal PUSCH repetition might be segmented into multiple actual PUSCH repetitions. In RAN 1 #100-e meeting, two issues were discussed on UCI multiplexing on PUSCH:
1. UCI resource determination
2. Which PUSCH repetition should UCI be multiplexed on
For PUSCH resource determination, three options were discussed:
· Option 1: The calculation is based on the nominal repetition.
· Option 2: The calculation is based on the actual repetition.
· Option 3: The first part of the equation is based on the nominal repetition, and the second part of the equation is based on the actual repetition.
For option 1, since one nominal repetition may segment into multiple actual PUSCH repetitions, the RE number in one actual repetition may be smaller than the resource for UCI if calculated based on nominal repetition. It can be able to avoid by gNB scheduler. A small scaling or a small beta_offset may be needed to ensure that the RE number in actual repetition is not less than the resource in UCI. However, a small scaling or beta_offset will result in only a small number of RE can be used for UCI transmission, which may degrade the performance of UCI. 
Option 2 uses the resource of the actual repetition UCI multiplexed on to calculate the resource. A proper beta_offset can help to balance resource for UCI and PUSCH with and without PUSCH segmentations. The performance of UCI and PUSCH can both be ensured, especially with beta_offset dynamically indicated in DCI.
Option 3 uses actual repetition for second part. Since scaling is configured in RRC signaling, it cannot be dynamically adjusted for different situations, i.e., with and without PUSCH segmentation.  It is hard for gNB to choose a proper configuration and one scaling value may result in either UCI performance degradation (e.g., a small scaling for segmentation case) or it may impact on PUSCH performance (e.g., a large scaling for no segmentation case). 
Based on the analysis above, option 2 has more flexibility. 
Proposal #4: The calculation of UCI resource determination is based on the actual repetition.
[bookmark: _Ref23884619]For PUSCH transmission with segmentation, the length of symbols of each actual PUSCH repetitions from one nominal PUSCH repetition may not be the same, and some of actual PUSCH repetition may be too short to guarantee the performance of multiplexed UCI. In order to guarantee the performance of multiplexed UCI, if a PUCCH carrying UCI overlapping with multiple actual PUSCH repetitions within one slot, UCI is multiplexed on one of first actual PUSCH repetitions with more OFDM symbols which can provide better performance. Three options were discussed in RAN 1 #100-e meeting:
· Option 1: The timeline conditions defined in TS 38.213 Section 9.2.5 should be satisfied by replacing PUSCHs with actual PUSCH repetitions. UCI is multiplexed on the first actual repetition. An actual PUSCH repetition that is not transmitted is not considered in the procedure. 
· Option 2: UCI is multiplexed on the first actual repetition that satisfies the timeline conditions defined in TS 38.213 Section 9.2.5. 
· Option 3: UCI is multiplexed on the overlapping actual repetition that has the largest number of symbols. 
[image: ]
Figure 1
[bookmark: _GoBack]Shown as Figure 1, there are two nominal repetitions and each repetition segmented into two actual repetitions. Actual repetition 1 is the first actual repetition can meet the timeline conditions and nominal repetition 2 is the first nominal repetition can meet the timeline conditions. In our understanding, option 1 will transmit UCI on actual repetition 1, which is the first actual repetition that satisfies the timeline. Option 2 will transmit UCI on actual repetition 1, which is the first actual repetition, that the corresponding nominal repetition satisfies the timeline condition. However, both option 1 and option 2 may eventually transmit UCI on an actual PUSCH transmission with a small symbol length. That is, the resource for UCI transmission is limited and will have impact on performance of UCI, or may result in dropping of some UCI content. However, Option 3 can ensure UCI is multiplexed in actual PUSCH repetition with longest L, which can ensure the reliability of UCI . In addition, Option 3 can also help gNB to easily choose a proper scaling and beta_offset for UCI resource determination. In the example of Figure 1, nominal repetition 2 is the first nominal repetition that satisfies the timeline condition, and actual repetition 3 has the largest symbols L in the segmentation of nominal repetition 2. Although in this case, compared with option 1 and option 2, it may has larger latency for UCI in some case, the latency of UCI is not as important as the reliability.
Proposal #5:  If a PUCCH carrying UCI overlaps with multiple actual PUSCH repetitions from one nominal PUSCH repetition within one slot, UCI is multiplexed on the first actual PUSCH repetitions with largest OFDM symbols. 
Proposal #6: Endorse the TP in section 3 for TS 38.213.
9	UE procedure for reporting control information
------------------------------------------------------- Unchanged Texts Omitted----------------------------------------------------
If a UE transmits multiple PUSCHs in a slot on respective serving cells that include first PUSCHs that are scheduled by DCI formats and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the multiple PUSCHs, and the multiple PUSCHs fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 
If a UE transmits a PUSCH over multiple slots and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot and in a slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in Clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
If a UE transmits one nominal PUSCH repetition with multiple actual PUSCH repetitions [6, TS38.214], and the UE would transmit a PUCCH that overlaps with two or more of the multiple actual PUSCH repetitions, the UE multiplexes the UCI of the PUCCH in the first actual PUSCH repetition from two or more actual repetitions that has the larger number of symbols.
If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is configured by a ConfiguredGrantConfig, or in an activated PUSCH transmission configured by semiPersistentOnPUSCH, and includes CG-UCI [5, TS 38.212], the UE multiplexes the HARQ-ACK information in the PUSCH transmission if the UE is provided cg-CG-UCI-Multiplexing; otherwise, the UE does not transmit the PUSCH and multiplexes the HARQ-ACK information in a PUCCH transmission or in another PUSCH transmission.

Conclusion
This paper discussed some remaining issues for PUSCH enhancement. The following proposals were proposed:
Proposal #1: Power control adjustment and PHR calculation are based on nominal transmission duration.
Proposal #2: DMRS/PTRS overhead for each nominal repetition is used for power control calculation. 
Proposal #3: Adopt the TP in section 2 for TS 38.213.
Proposal #4: The calculation of UCI resource determination is based on the actual repetition.
Proposal #5:  If a PUCCH carrying UCI overlaps with multiple actual PUSCH repetitions from one nominal PUSCH repetition within one slot, UCI is multiplexed on the first actual PUSCH repetitions with largest OFDM symbols. 
Proposal #6: Endorse the TP in section 5 for TS 38.213.
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