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Introduction
In RAN1#96 meeting, the following agreements have been achieved on PUSCH enhancements for NR eURLLC [1].
Agreements:
For PUSCH enhancements, it is recommended to support enhancements for both grant-based PUSCH and configured grant based PUSCH in Rel-16, to enable one UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.

Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.
Conclusion:
· Finalize the details regarding how to use “option 1” vs. “option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.

Agreements:
· Capture the simulation results in Section 3 in the TR.

In RAN1#96, three Options (Option 4, 5, and 6) have been proposed as the candidates for PUSCH enhancements. The details of such options can refer to R1-1903797 [2]. Due to the lack of time, there is still no consensus on adopting which option in NR Rel.16 specification. In this contribution, we discuss our consideration on PUSCH enhancements for NR eURLLC. We especially focus on the time domain resource determination.
Discussion on PUSCH enhancements
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]According to R1-1903797 [2], option 4 and 5 have a common character, which consists of one traditional TDRA field as similar as that in NR Rel.15 for first repetition and a “nominal” number of the repetitions. At the same time, based on some predefined rules, the time domain resources for those repetitions are derived. Additionally, when crossing the slot boundary and DL/UL switching points are allowed, the time domain resources might be splitted to two repetitions for option 4 and 5. The basic difference of the rules for such two options is that whether to allow multiple repetitions in one UL period to combine together into one repetition. When the overall resources are across the slot boundary or the DL/UL switching point, option 5 prefer to allow that only one repetition is transmitted in each UL period in a slot, whereas option 4 prefer not to allow the combination. For example, when the length of PUSCH is 4 symbols, the number of repetitions is 4 and the overall resources are across the slot boundary, thus the result of the time domain resource assignment for option 4 and 5 is shown in Fig.1 and Fig.2, respectively.


Figure 1 Option 4


Figure 2 Option 5
Then, the actual number of the repetitions can be larger than the ‘nominal’ number for option 4, whereas option 5 allows that the actual number of the repetitions can be larger or smaller than the ‘nominal’ number. Moreover, if we assume the length of each repetition can be larger than 14 in option 4, all of the use cases in option 5 can be included in option 4. For example, for option 4, if the number of the repetitions is 1 and the length of PUSCH is 16, option 4 has a same result of the time domain resource assignment as option 5 shown in Fig.2. However, not all of the use cases in option 4 can be included in option 5. At least, as shown in Fig.1, the use cases in option 4 can not be supported in option 5.
For option 6, there would be a table configured by higher layer, where the entries in the table includes a number of repetitions, starting symbols of each repetition, the length of each repetition, and mapping of the repetition to slots. As a result, option 6 can get better flexibility than option 4 and 5.
However, in the lasting meeting, some companies considered that option 6 may have a problem on signaling overhead, whereas some companies suspected the flexibility of option 4 and 5. Clearly, one needs to design some better options which can compromise between the flexibility and the signaling overhead. In the follows, we give one compromised example based on the structure of option 6 with a little modification. 
In order to decrease the signaling overhead, when the PUSCH repetitions are not across the slot boundary, in each entry in the table configured for option 6, there is one start symbol for the first repetition, a number of repetition, and the length of each repetition. The time domain resources for the remaining repetitions within one slot can be derived based on some predefined rules. At least one of the two following predefined rules within the slot can help to deal with the flexible TDD structure.
· If a “nominal” repetition is across the DL/UL switching point, such “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period, whereas the other repetitions are transmitted with the transmission duration indicated in the entries of the table. 
· If the overall resources within the slot are across the DL/UL switching point, one repetition is transmitted in each UL period. Otherwise, the “nominal” number of the repetitions are transmitted, each repetition with the transmission duration indicated in the entries in the table.
In other words, when PUSCH repetitions are not across the slot boundary, some entries in the table might have similar results of the time domain resource assignment as options 4 or 5. 
In order to increase the schedule flexibility, some other use cases other than option4 and 5 can be included in the higher layer configured table. It is meaningful to deal with the problem of crossing slot boundary by gNB scheduling. Thus, when PUSCH repetitions are across the slot boundary, in the entries of the table, there should be independent start symbols of the first repetition and number of the repetitions for different slots, and the length of each repetition. However, there would be only one start symbol of the first repetition and a number of repetitions in each slot. In each slot, the same rules as PUSCH repetitions without crossing the slot boundary should be adopted. By restricting the predefined rules within each slot, and by gNB scheduling by assigning the available resources for PUSCH repetitions for each slot, at least there might be no problem of the orphan symbols and the confliction with the PUCCH/SRS resources at the end of the slot. 
In summary, here is an example of the higher layer configured table.
Table 1 Higher layer configured table for option 6
	0
	Start symbol of the first repetition in first slot = 2, number of repetitions in first slot = 2, length of each repetition = 4.

	1
	Start symbol of the first repetition in first slot = 4, number of repetitions in first slot = 2, length of each repetition = 4.

	2
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Start symbol of the first repetition in first slot = 2, number of repetitions in the slot = 2, Start symbol of the first repetition in second slot = 0, number of repetitions in second slot = 2, length of each repetition = 4.

	3
	Start symbol of the first repetition in first slot = 6, number of repetitions in first slot = 1, Start symbol of the first repetition in second slot = 0, number of repetitions in second slot = 1, length of each repetition = 4.

	…..
	…….



Based the channel condition, UL available resources, and stuff like that, it is up to the gNB to decide which entry of the table should be chosen. Certainly, there would be some problems which should be solved:
· How about maximum number of slots are allowed in the table? 
· How about maximum number of PUSCH repetitions are allowed in each slot in the table?
· How about maximum number of entries are allowed in the table?
· How to interact with the procedure of UL/DL direction determination within each slot?
· Whether or not to allow time domain resources for PUSCH repetitions to combine into one repetition in one UL period within each slot, and under which condition?
From the above discussion, we can see that option 6 has a better structure for the compromised example. Hence option 6 should be adopted for PUSCH enhancements for NR eURLLC, and the details for option6 should be further studied.
Proposal 1: Option 6 should be adopted for PUSCH enhancements for NR eURLLC. The details for option6 should be further studied.
Conclusion
In this contribution, we have the following proposal on PUSCH enhancements for NR eURLLC. 
Proposal 1: Option 6 should be adopted for PUSCH enhancements for NR eURLLC. The details for option6 should be further studied.
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