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Introduction
In RAN1#98-#99, some conclusions and agreements on PUSCH were achieved, however there were still some remaining issues, including orphan symbols, DMRS allocation, UCI multiplexing and configured grant timer. In this document, we focus on these remaining issues.
Discussion
1.1 Handling of orphan symbols
When one PUSCH resource is segmented by slot boundary, there maybe orphan symbols. One efficient to deal with orphan symbols is to catenate with adjacent PUSCH repetition. However, there is case that no adjacent PUSCH repetition, such as, the orphan symbols from the first PUSCH repetition and the end PUSCH repetition, as shown in Figure 1. In this case, orphan symbols are better to be dropped to reduce interference.


Figure 1 Dropped or catenated segmented PUSCH 
Proposal 1: Orphan symbols from segmented PUSCH can be dropped or catenated with adjacent PUSCH repetition. 
[bookmark: _GoBack]In addition, it is open issue how to define orphan symbols. One solution is determined by segmented PUSCH length. If segmented PUSCH length is not larger than DMRS length, then the segmented PUSCH is defined as orphan symbols. Another solution is determined by effective code rate for segmented PUSCH. If effective code rate for segmented PUSCH is larger than 1, then the segmented PUSCH is defined as orphan symbols. 
Proposal 2: Orphan symbols are determined by segmented PUSCH length or effective code rate for segmented PUSCH.
1.2 DMRS allocation
When one repetition is segmented, then DMRS is required in multiple segmented repetition parts. And DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.
Proposal 3: DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.

Orphan symbol can catenate with adjacent PUSCH. For catenated PUSCH, one direct solution is that DMRS resource allocation is determined by catenated PUSCH, as shown in Figure 2. However, DMRS pollution may occur when multiple configured grants overlap in time –frequency domain. So to avoid DMRS pollution, DMRS resource allocation is still determined by segmented PUSCH, as shown in Figure 3. However, DMRS overhead will increase. So it is better to be configurable that DMRS is determined by catenated PUSCH or segmented PUSCH.


Figure 2 DMRS pollution case


 Figure 3 DMRS for each segmented PUSCH
Proposal 4： The resource to determine DMRS allocation is configurable, segmented PUSCH or catenated PUSCH.
1.3 UCI multiplexing
In Rel-15, UCI is piggybacked if the time domain of PUCCH and PUSCH are overlapped. The resource allocated for UCI in PUSCH will be calculated based on the resource of PUSCH. In Rel-16, the actual PUSCH resource is different from the nominal resource configured by network sometimes. Two kinds of PUSCH resource are introduced which result in the ambiguity for determining which PUSCH should be multiplexed according the timeline processing condition and calculating UCI resource in multiplexing PUSCH. 
In Figure 4, there are collision between nominal PUSCH 1 and PUCCH. The nominal PUSCH 1 is split into two actual PUSCH as nominal PUSCH across the slot boundary. According to the requirement for multiplexing, the first symbol of the earliest PUCCH or PUSCH is used for the determination of multiplexing timeline conditions. Obviously, the first symbol of nominal PUSCH 1 is earlier than the first symbol of actual PUSCH 2 in Figure 4. And it is more likely to not meet the timeline condition based on the first symbol of nominal PUSCH 1 than actual PUSCH 2. PUCCH will be only multiplexed in actual PUSCH 2 if conditions satisfied in this case and it is more reasonable to determine the timeline condition based on actual PUSCH.
[image: ]
Figure 4 Collision of PUCCH and PUSCH

According the formula of modulation symbol of UCI, [image: ] where[image: ] denotes the available RE number of the current PUSCH piggybacking the UCI, and [image: ] denotes the TBS of the PUSCH, the resource for UCI depends the TBS of PUSCH and available RE number. For Rel-16, TBS for each actual PUSCH transmission are same. As the TBS for each actual resource should be same while the available RE number for actual transmission is always not larger than the nominal transmission. Considering that effective coding rate required for UCI is relative low, a relative controllable resource of nominal resource can be applied when calculating the resource for UCI size instead of unknown resource of actual resource caused by slot boundary or DL symbol and etc.
Proposal 5: When UCI is piggybacked, the determination of collision should be based on actual PUSCH and resources for UCI in PUSCH should be based on nominal PUSCH.
1.4 Configured grant timer
In Rel-15, configured grant timer starts or restarts for each repetition. In Rel-16, there are two types of repetition: actual repetition and nominal repetition. The time resource allocation of actual repetition is impacted by SFI and slot boundary, which is not known in Mac layer. So Mac cannot start or restart configured grant timer for each actual repetition. Considering RV sequence is applied for each nominal repetition. So Configured grant timer starts or restarts for each nominal repetition.
Proposal 6: Configured grant timer starts or restarts for each nominal repetition.
1.5 Beam switching gap among repetition
For multi-TRP based URLLC enhancement, repetitions in spatial/time/frequency domains can be used to improve reliability and/or reduce latency. As agreed in previous meetings, two TDM schemes, namely inter-slot (scheme 3) and intra-slot (scheme 4) schemes are supported. Compared with SDM and FDM based approaches, simultaneously reception from multiple TRPs is not needed with TDM schemes. Therefore, TDM schemes are generally considered to be more suitable for FR2. However, a gap might be needed for the switching of receptions from TRPs with different TCI states. On the other hand, if the path loss from two TRPs are different, the gap can also be utilized for the AGC adjustment for different TRPs.
Proposal 7: A gap might be needed for the switching of receptions from different TRPs.
Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Proposal 1: Orphan symbols from segmented PUSCH can be dropped or catenated with adjacent PUSCH repetition. 
Proposal 2: Orphan symbols are determined by segmented PUSCH length or effective code rate for segmented PUSCH.
Proposal 3: DMRS resource allocation, including front-loaded and additional DMRS, in each segmented repetition part is determined by segmented repetition part duration and dmrs-AdditionalPosition.
Proposal 4： The resource to determine DMRS allocation is configurable, segmented PUSCH or catenated PUSCH.
Proposal 5: When UCI is piggybacked, the determination of collision should be based on actual PUSCH and resources for UCI in PUSCH should be based on nominal PUSCH.
Proposal 6: Configured grant timer starts or restarts for each nominal repetition.
Proposal 7: A gap might be needed for the switching of receptions from different TRPs.
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