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Introduction
This document provides our view on remaining issues on PUSCH enhancement for Rel.16 URLLC.
Discussion
TBS determination
In Rel.15 mechanism, for TBS determination, the UE shall first determine the number of REs allocated for PUSCH within a PRB () based on , which is the number of symbols L of the PUSCH allocation for scheduled PUSCH, DMRS overhead  and the overhead configured by higher layer parameter xOverhead . For PUSCH repetition type B,  is the PUSCH duration L of the first nominal repetition. One of unclear points is how to calculate DMRS overhead and other overheads. We identified two approaches.
Approach 1: The number of DMRS symbols and overhead over the first nominal repetition are calculated based on the indicated PUSCH duration L without considering any segmentation outcome. The number of DMRS symbols over duration L based on no repetition case is used. Therefore, when segmentation occurs, the number of DMRS symbols can be different from actual DMRS symbols. Before any segmentation and actual DMRS symbol determination, based on Rel.15 mechanism, TBS is determined. After TBS determination, the resource for actual repetition is determined based on, L, slot boundary, SFI, and invalid symbol. DMRS configuration is based on the length of actual repetition. Then, encoded TB is mapped to available REs for data over actual repetition with the indicated RV.
Approach 2: The number of DMRS symbols and overhead over the first nominal repetition are calculated considering segmentation result. Therefore, based on the actual transmission of DMRS after segmentation and invalid symbols over the first L symbols of PUSCH, TBS is determined.
In either Approach 1 or 2, since encoded TB is mapped to actual available REs over one actual repetition, the number of DMRS symbols over actual repetition just makes the difference on the coding rate. Approach 2 can be more accurate on the available number of REs over the first nominal PUSCH repetition, but it can be inaccurate in the second or later nominal PUSCH repetitions. Considering in accuracy over different nominal repetitions, Approach 1 can simplify the network operation for not taking account actual transmission. When the same MCS is indicated, the actual coding rate can be higher in Approach 1 compared with Approach 2, but the gNB could set a bit lower MCS to compensate it.
Proposal 1: Following TBS determination and DMRS procedure should be clarified.
· The number of DMRS symbols and overhead over the first nominal repetition are calculated based on the indicated PUSCH duration L without considering repetition nor segmentation.
· TB size is determined based Rel.15 mechanism based on above number of symbols.
· The resource for actual repetition is determined based on L, slot boundary, SFI, and invalid symbol.
· The actual DMRS allocation is based on the length of actual repetition.
· Encoded TB is mapped to available REs for data over actual repetition with the indicated RV.

UCI on PUSCH
UCI piggyback on PUSCH for PUSCH repetition type B is concluded. Potential remaining issue would be if the nominal repetition is segmented to multiple actual repetition, which actual repetition is used for UCI piggyback.
In Rel.15 multi-slot PUSCH, HARQ-ACK and CSI may overlap with multiple PUSCH repetitions in multiple slots. Rel.15 UE behavior is specified as follows [1].
	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 fulfils the condition in Subclause 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.


Basically, the above Rel.15 principle for PUSCH repetition type A should be reused for PUSCH repetition type B, i.e., UCI is multiplexed on one or multiple actual PUSCH repetition(s) that meet the timeline in 9.2.5 of TS38.213.
Proposal 2: For PUSCH repetition type B, if PUCCH resource overlaps with multiple actual PUSCH repetitions, UCI is multiplexed on one or multiple actual PUSCH repetition(s) that meet the timeline in 9.2.5 of TS38.213.

Another remaining issue related to UCI piggyback is UCI resource determination. In RAN1#100e, following three options were identified.
· Option 1: The calculation is based on the nominal repetition.
· Option 2: The calculation is based on the actual repetition.
· [bookmark: _Hlk37158879]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.
The equation for UCI resource determination (e.g., HARQ-ACK) is described as followings.
	
Since TBS is calculated based on nominal repetition in our above Proposal 1, the first part of the equation needs to take nominal repetition into account. While the second part is upper limit of resource for UCI, and then, this part needs to be based on actual repetition. Therefore, Option 3 seems the optimal way and our first preference. If the amount of specification impact is large, Option 1 with the handling to avoid exceeding the resource available in the actual repetition can also be acceptable.
Proposal 3: For UCI resource determination in PUSCH repetition type B, either of following options are selected.
· 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.
· Option 1 with additional restriction, i.e., the calculation is based on the nominal repetition and UE is not expected to exceed the resource for UCI over the resource for actual repetition.

Power control
In RAN1#100e, follow agreement was made, but the detailed specification change for power control was postponed for considering the several aspects. 
	Agreement:
· For PUSCH repetition type B, PUSCH transmit power is determined based on the nominal repetition duration.
UE determines the PUSCH transmission power  in PUSCH transmission occasion i as following:

Based on the agreement, our understanding is that defining PUSCH transmission occasion i as nominal repetition for the entire power control procedure was common understanding. This principle seems workable even for considering following aspects.
- : This parameter is the definition of the slot itself might be the issue when the resource allocation is different within a slot. It is determined based on the resource allocation to determine MPR. On the other hand, multiple PUSCHs within a slot or the resource allocation difference between SRS and PUSCH would need different . One of possibilities would be that the definition of RAN4 itself may be required to be adjusted. Another possibility without RAN4 impact would be  is still the definition of the slot itself, while the minimum  value is used for power control for PUSCH repetition type B across slot boundary.
- : If PUSCH transmission occasion i is nominal repetition and spans multiple segments, it is not clear what  refer to. For the calculation of , the number of resource elements is necessary, i.e.,  where  is a number of symbols for PUSCH transmission occasion i.  is a number of subcarriers excluding DMRS subcarriers and PT-RS samples in PUSCH symbol j. Based on the above agreement, the calculation should be done assuming nominal repetition duration, which is similar assumption to TBS determination discussed in Section 2.1. For details, the following description proposed by Ericsson in the last meeting seems reasonable: “For PUSCH repetition type B,  is a number of subcarriers excluding DMRS subcarriers and phase-tracking RS samples in PUSCH symbol j, of the corresponding nominal repetition which is treated as a single actual repetition for the purpose of obtaining .”
	- Power control adjustment (TPC command): TPC should be applied based on nominal repetition.
- PHR calculation: Nominal repetition is required in order to have processing time constraint and same contents are sent over repetition.
Proposal 4: For power control in PUSCH repetition type B, define PUSCH transmission occasion i as nominal repetition with considering following aspects.
· For , either of following could be considered.
· Option 1: The definition of RAN4 itself may be required to be adjusted.
· Option 2: If  is still the definition of the slot itself, the minimum  value is used for power control for PUSCH repetition type B across slot boundary.
· The calculation of  is done assuming nominal repetition duration, i.e.,
· For PUSCH repetition type B,  is a number of subcarriers excluding DMRS subcarriers and phase-tracking RS samples in PUSCH symbol j, of the corresponding nominal repetition which is treated as a single actual repetition for the purpose of obtaining .
· Power control adjustment and PHR calculation is based on nominal repetition.

Conclusion
In this contribution, we discussed remaining issues on PUSCH enhancement in Rel.16 URLLC and made following proposals.
Proposal 1: Following TBS determination and DMRS procedure should be clarified.
· The number of DMRS symbols and overhead over the first nominal repetition are calculated based on the indicated PUSCH duration L without considering repetition nor segmentation.
· TB size is determined based Rel.15 mechanism based on above number of symbols.
· The resource for actual repetition is determined based on L, slot boundary, SFI, and invalid symbol.
· The actual DMRS allocation is based on the length of actual repetition.
· Encoded TB is mapped to available REs for data over actual repetition with the indicated RV.
Proposal 2: For PUSCH repetition type B, if PUCCH resource overlaps with multiple actual PUSCH repetitions, UCI is multiplexed on one or multiple actual PUSCH repetition(s) that meet the timeline in 9.2.5 of TS38.213.
Proposal 3: For UCI resource determination in PUSCH repetition type B, either of following options are selected.
· 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.
· Option 1 with additional restriction, i.e., the calculation is based on the nominal repetition and UE is not expected to exceed the resource for UCI over the resource for actual repetition.
Proposal 4: For power control in PUSCH repetition type B, define PUSCH transmission occasion i as nominal repetition with considering following aspects.
· For , either of following could be considered.
· Option 1: The definition of RAN4 itself may be required to be adjusted.
· Option 2: If  is still the definition of the slot itself, the minimum  value is used for power control for PUSCH repetition type B across slot boundary.
· The calculation of  is done assuming nominal repetition duration, i.e.,
· For PUSCH repetition type B,  is a number of subcarriers excluding DMRS subcarriers and phase-tracking RS samples in PUSCH symbol j, of the corresponding nominal repetition which is treated as a single actual repetition for the purpose of obtaining .
· Power control adjustment and PHR calculation is based on nominal repetition.
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