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Introduction
A work item on physical layer enhancements for NR URLLC has been approved in RAN#83 with the following objective for PUSCH [1];
	· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]
· For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots


RAN1 has agreed during RAN1#97 meeting to adopt a repetition scheme for NR PUSCH with the following details:
	One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH.
· The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.
· No DMRS sharing across multiple PUSCH repetitions
· The maximum TBS size is not increased compared to Rel-15.
· FFS: L > 14
· S+L can be larger than 14
· FFS: The bitwidth for TDRA is up to 4 bits.
· Note: different repetitions may have the same or different RV.
For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.
· FFS the exact signaling method
· FFS the exact DCI format(s)
· FFS the exact mechanism to enable or disable
· FFS the DCI activating type 2 configured grant PUSCH


In this contribution, we discuss the remaining details, in terms of frequency hopping and segmentation pattern, for the agreed repetition scheme for NR PUSCH.
Discussion
Frequency Hopping:
	Agreements (RAN1#98bis):
For frequency hopping for Rel-16 PUSCH, the number of actual hopping locations in frequency is 2.
Agreements (RAN1#98bis):
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
· FFS time domain hopping pattern



During RAN1#97 meeting, RAN1 has agreed to adopt a repetition scheme for NR PUSCH. Generally, the agreed repetition scheme combines the following two features;
Mini-slot level repetition: the same TB is repeated within a slot.
Multi-segment transmission: if one of the repetitions crosses the slot boundary, the repetition is segmented into two repetitions, each in one slot.
There were two main objectives behind adopting the repetition scheme for PUSCH are;
· Diversity gains: with mini-slot based repetitions it is possible to provide more frequency diversity compared to intra-slot FH, i.e. more than one frequency hop per slot.
· Alignment delay reduction: in NR Rel-15, PUSCH is not allowed to cross the slot boundary, which creates scheduling delays when the gNB wants to schedule an UL grant that crosses the slot boundary. 
Mini-slot repetition aim to achieve diversity (in frequency, precoder, TRP) within a slot. 
For intra-slot FH in Rel-15, the FH pattern is repeated across slots when the transmission spans multiple slots. This limits the gain that can be achieved from FH. Also, there is no added complexity to the UE or the gNB by changing the FH pattern across slots.
Proposal 1: Support different hopping pattern per slot for multi-slot PUSCH transmission.

Permissible PUSCH Segmentation:
On the other hand, the main objective of multi-segment transmission is to reduce the alignment delay. As shown in our paper [2] on the latency analysis, not allowing the PUSCH to cross the slot boundary represents a bottleneck for the transmission incurred latency. However, some of the segmentation patterns could impact the performance due to the extra DMRS overhead. As one example, splitting a 2-symbols PUSCH could result in effectively losing the two symbols.  
Proposal 2:  Adopt at least the following restrictions on the possible segmentation patterns for the agreed repetition pattern;
· The UE is not expected to segment a PUSCH that has a length less than 4 symbols.
· The UE is not expected to segment a PUSCH that result in 1-symbols PUSCH.
Regarding the possible length for the time domain allocation (L), there is no need to support L > 14. Given that total time domain resources for the PUSCH transmission (K*L, where K is the number of repetitions) could be significantly larger than 14 symbols.
Observation 1:  There is no clear motivation for having L > 14.

RV Sequence:
In slot-aggregation for NR Rel-15, the RV for the first repetition is indicated in the DCI. The RVs for the remaining repetitions is determined by cycling through the RV sequence {0, 2, 3, 1} (see Table 6.1.2.1-2 in 38.214). This approach gives the network the flexibility to select the appropriate RV sequence for the repetitions. It also allows the UE to have the same implementation to handle the first repetition in slot-aggregation and no slot-aggregation (i.e. the RV for the first repetition is always indicated in the DCI). This RV cycling mechanism should be adopted as well for the PUSCH repetition enhancement, with one refinement to the cycling pattern to address the fact that actual boundaries in the repetitions are dependent on successful detection of SIF for instance: first, the {0, 2, 3, 1} pattern is applied on the nominal repetitions, setting the RV for their first segment; then for any further segment within each nominal repetitions, separately, the same or a different pattern for RV cycling is used over the segments
Proposal 3: For PUSCH enhancement, adopt NR Rel-15 method of RV cycling in two hierarchical steps: the RV for the first nominal repetition is indicated in the DCI, and the RVs for the remaining nominal repetitions is determined by cycling through the RV sequence {0, 2, 3, 1}. If a nominal repetition is segmented, cycle RVs for each segment, starting with the RV assigned to the given nominal repetition.

TBS determination:
R1-1911701
Proposal: TBS is determined according to Rel-15 mechanisms based on one of the following (to be down-selected):
•	Based on nominal length of each repetition (i.e. L)
•	Based on the total allocated resources of all repetitions
•	Based on the longest repetition
Note: need to further clarify for the 2nd and 3rd option how to define the available resources in the repetition(s). The proponents are encouraged to consider these aspects.
In the scenario without segmentation of the actual repetitions, using the nominal length of each repetition (i.e. L) for TBS determination yields the most efficient, flexible and simple solution. Using the total number of resources, would be an inferior solution in all these respects.
It remains to examine the scenario where one or more nominal repetitions is/are segmented and whether using the longest actual repetition could remedy the issues involved, such as limitation on the highest applicable MCS and potentially the mismatch between modulation order and the base graph? First, the longest repetition and L only differ if all nominal repetitions are segmented. If K>1 this is not so probable. Second, if it still happens then the differences in performance are not substantial because several relatively long segments are likely. Meanwhile, failure to decode a SIF can cause to ambiguities with respect to the determination of the longest repetition, as a result all K nominal repetitions would be impacted by the erroneous TBS determination. Therefore, we can dismiss the method based on the longest repetition, too, at least for the case of K>1.  
It remains to examine for K=1, the pro’s and con’s for using longest repetition instead of L. If the segmentation is incorrectly established by the UE then the data fails with either method. Using L allows supporting high MCS transmissions, however, the reliability may be impaired unless efficiency (and latency) is (are) sacrificed. Therefore, TBS determination based on longest repetition should be preferred when K=1.     
Proposal 4: In the case of PUSCH repetition, TBS is determined based on the longest repetition if K=1, and on the nominal repetition length L if K>1.  
Conclusion
In this contribution, we discussed the repetition scheme for NR PUSCH and we have the following observations and proposals:
Proposal 1: Support different hopping pattern per slot for multi-slot PUSCH transmission.
Proposal 2:  Adopt at least the following restrictions on the possible segmentation patterns for the agreed repetition pattern;
· The UE is not expected to segment a PUSCH that has a length less than 4 symbols.
· The UE is not expected to segment a PUSCH that result in 1-symbols PUSCH.
Observation 1:  There is no clear motivation for having L > 14.
Proposal 3: For PUSCH enhancement, adopt NR Rel-15 method of RV cycling in two hierarchical steps: the RV for the first nominal repetition is indicated in the DCI, and the RVs for the remaining nominal repetitions is determined by cycling through the RV sequence {0, 2, 3, 1}. If a nominal repetition is segmented, cycle RVs for each segment, starting with the RV assigned to the given nominal repetition.
Proposal 4: In the case of PUSCH repetition, TBS is determined based on the longest repetition if K=1, and on the nominal repetition length L if K>1.  
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