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Introduction
This document provides our view on remaining issues on PUSCH enhancement for Rel.16 URLLC.
Discussion
Interaction of PUSCH with UL/DL direction
In RAN1#99, it was agreed that for DG PUSCH with PUSCH repetition type B, if SFI is configured, RRC parameters related to invalid symbols are introduced based on the agreement below.
Agreement:
· For DG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, introduce a first RRC parameter that indicates one pattern for invalid symbols for PUSCH transmission repetition type B applicable to both DCI format 0-1 and 0-2, and introduce a second RRC parameter for each of DCI format 0-1 and 0-2 to indicate the presence if an additional bit in the DCI to indicate whether the pattern applies or not.
· If the first RRC parameter is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If the first RRC parameter is configured and the additional bit exists in a DCI
· Value ‘0’ means semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
· Value ‘1’ means that segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· If the first RRC parameter is configured and the additional bit does not exist in a DCI, segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· The first RRC parameter reuses the pattern definition of rateMatchPattern in time domain for PDSH.

For CG PUSCH with PUSCH repetition type B, following UE behaviour on interaction with UL/DL direction was agreed.
Agreement:
· For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL / flexible symbol.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· FFS: The handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported.)
· Note that the cancellation behaviour is the same as Rel.15, including Rel.15 cancellation timeline.
The handling of semi-statically configured invalid symbols for CG PUSCH with PUSCH repetition type B is not concluded. The common UE behaviour regarding semi-static invalid symbols between DG PUSCH and CG PUSCH is desirable, i.e., segmentation occurs around invalid symbols in the pattern if the first RRC parameter is configured for Type 1 CG, and/or if the first RRC parameter is configured and the additional bit exists in an activation DCI with indication of ‘1’ for Type 2 CG. Therefore, we propose following.
Proposal 1: For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured,
· If the first RRC parameter is not configured, segmentation occurs only around semi-static DL symbols, which results in actual repetitions.
· For Type 1 CG, if the first RRC parameter is configured, segmentation occurs around semi-static DL symbols and semi-static invalid symbols in the pattern, which results in actual repetitions.
· For Type 2 CG, if the first RRC parameter is configured and the additional bit exists in a DCI
· Value ‘0’ means segmentation occurs only around semi-static DL symbols, which results in actual repetitions.
· Value ‘1’ means segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, which results in actual repetitions.

TBS determination and DMRS procedure
In RAN1#99, it was agreed that for both dynamic grant and configured grant with PUSCH repetition type B, the TBS is determined based on L indicated in TDRA table entry reusing Rel.15 mechanism. In addition, there is following description on DMRS procedure in the current specification [1, TS38.214] (but there is no agreement on DMRS procedure).
	For PUSCH repetition Type B, the DM-RS transmission procedure is applied for each actual repetition separately based on the allocation of the actual repetition.


In our view, the above DMRS procedure is reasonable in high level, but the detail is still unclear in addition to the TBS determination. 
TBS determination and DMRS configuration for actual repetition
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 would be how to calculate DMRS overhead and other overheads. We identified two approaches.
Approach 1: In this approach, 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 and it can be different from actual DMRS symbols, when segmentation occurs. 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: In this approach, 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 to make 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 overcome it.
Proposal 2: Following TBS determination and DMRS procedure are proposed.
· The number of DMRS symbols and overhead over the first nominal repetition is 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.

2-symbol length DMRS related issues
For PUSCH repetition type B, gNB signals the nominal number of repetitions with equal length for PUSCH transmission and the same DMRS configuration is applied in terms of the number of front-loaded symbols, number of additional DMRS symbols and associated port number. However, since segmentation can be applied to these nominal PUSCH repetitions, then the DMRS related configuration signaled by gNB may or may not be applied. As the result of this segmentation, the length of actual repetitions and/or segments can be shorter than the signaled length because currently 2-symbol length front-leaded DMRS can be transmitted with PUSCH mapping type B only when the length of transmissions is at least 5 symbols. As the result, some of the DMRS related configuration signaled by gNB may not be applicable anymore.
One simple solution could be simply not support 2-symbol length transmission when PUSCH repetition type B is supported. However, it is beneficial to support 2-symbol length DMRS, even for rank 1 transmission as it has higher DMRS density and provide better channel estimation performance. In addition, it has additional benefit for configured grant to improve the mis-detection performance.
Therefore, our proposal is to align the length of front-loaded DMRS by comparing the lengths of each actual repetition and assigning 2-symbol length DMRS only when the minimum length requirement for the configuration is possible across all actual repetitions as shown in Fig.1(a). In Fig.1(a), all the repetitions lengths are at least 5 symbols long, therefore, 2-symbol length front-loaded DMRS is transmitted on each repetition. In Fig.1(b), since the lengths of 3rd and 4th actual repetition are only 3 and 5 symbols long, respectively, gNB shall not indicates 2-symbol length front-loaded DMRS.


(a) Example of DMRS length alignment when all repetitions support 2-symbol length DMRS


(b) Example of DMRS length alignment when all repetitions cannot support 2-symbol length DMRS
Fig. 1 Handling of 2-symbol length DMRS

Proposal 3: For PUSCH repetition type B, UE is not expected that 2-symbol length DMRS is indicated when the lengths of each actual repetition is less than 5 symbols.

Orphan symbols and short length of actual PUSCH repetitions
Due to segmentation, the actual length of segments (actual repetitions) might be different than what was nominally indicated and possibly quite short. There are mainly two issues with quite short lengths of segments. One is the DMRS overhead could be quite high. In case of orphan symbols, the DMRS overhead could be 100%, which means basically no data is transmitted in that segment. This is not even useful for any adjacent repetitions because it has been agreed that DMRS sharing is not allowed. The other issue is that the number of symbols available for data in the segment could possibly be quite small and it might not be enough to support even TBS above certain threshold.
Although we think to solve these issues can be beneficial to improve the reliability, to have a simple solution, such as no special handling, should be considered as these seems not essential correction in the CR phase.
Proposal 4: For PUSCH repetition type B, no special handling is needed for orphan symbols or short length of actual PUSCH repetitions.

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? Following alternatives can be considered.
· Alt.1: UCI is piggybacked in all actual repetitions
· Alt.2: UCI is piggybacked in only one earliest actual repetition
· Alt.3: UCI is piggybacked in actual repetition with more number of symbols
Although, Alt.1 or Alt.3 have possibility to improve the reliability, it increases transmission latency for UCI feedback. In addition, Alt.2 is similar behavior as in Rel.15 mechanism in which, when PUCCH resource overlaps with one or multiple PUSCHs, UE multiplex PUCCH on the PUSCH with earliest starting symbol. Therefore, we propose Alt.2 for UCI on PUSCH for PUSCH repetition type B.
Proposal 5: For PUSCH repetition type B, if PUCCH resource overlaps with multiple actual PUSCH repetitions, UCI is piggybacked in only one earliest actual repetition.

Conclusion
In this contribution, we discussed remaining issues on PUSCH enhancement in Rel.16 URLLC and made following proposals.
Proposal 1: For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured,
· If the first RRC parameter is not configured, segmentation occurs only around semi-static DL symbols, which results in actual repetitions.
· For Type 1 CG, if the first RRC parameter is configured, segmentation occurs around semi-static DL symbols and semi-static invalid symbols in the pattern, which results in actual repetitions.
· For Type 2 CG, if the first RRC parameter is configured and the additional bit exists in a DCI
· Value ‘0’ means segmentation occurs only around semi-static DL symbols, which results in actual repetitions.
· Value ‘1’ means segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, which results in actual repetitions.
Proposal 2: Following TBS determination and DMRS procedure are proposed.
· The number of DMRS symbols and overhead over the first nominal repetition is 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 3: For PUSCH repetition type B, UE is not expected that 2-symbol length DMRS is indicated when the lengths of each actual repetition is less than 5 symbols.
Proposal 4: For PUSCH repetition type B, no special handling is needed for orphan symbols or short length of actual PUSCH repetitions.
Proposal 5: For PUSCH repetition type B, if PUCCH resource overlaps with multiple actual PUSCH repetitions, UCI is piggybacked in only one earliest actual repetition.
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