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1. Introduction
In the new WID [1], the objectives regarding PUSCH enhancements of the work item are listed as below,
· 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
In the RAN1 #96 meeting, the following conclusion was reached [2],
Conclusion:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK8]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.
The descriptions of option 4 and 6 which have been captured in TR 38.824 [3] are listed as following,
Option 4  
[bookmark: OLE_LINK15]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. It further consists of:
· 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. 
· 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.
Option 6  
One or more PUSCH repetitions in one slot, or two or more 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. It further consists of:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates an entry in the higher layer configured table
· The number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from each entry in the table.
· More than one repetition can be mapped to one slot
· The resource assignment for each repetition is contained within one slot. Each transmitted repetition is contained within one UL period in a slot.
· FFS: increasing the number of bits for TDRA field in DCI 
· FFS other details
· The maximum TBS size is not increased compared to Rel-15.
In the RAN1 #96bis meeting [4], following agreements were further reached,
Agreements:
· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:
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
Agreements:
For option 6,
· For dynamic PUSCH
· For semi-static DL symbol(s), to down-select
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).
· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.
· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).
· Note: this is the same as Rel-15 behavior.
· For configured grant PUSCH,
· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,
· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 
· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 
· [bookmark: OLE_LINK9]FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.
Agreements:
· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.

Agreements:
For both option 4 and 6, frequency hopping is supported
· FFS details
In this contribution, we compare the pros and cons of option 4 and 6 then give our preference.
2. Discussion 
In RAN1 #96 meeting, it was agreed to 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. In the last meeting, Option 5 is precluded. Option 4 and 6 should be further down selected. 
Option 4 is a direct combination of option 1 and option 2 and it can degrade into either option 1 or option 2 under some conditions. If none of the repetitions either go across a slot boundary or go across a DL UL switching point, option 4 degrades into option 1. If the number of repetition is 1 and the PUSCH either go across a slot boundary or go across a DL/UL switching point, option 4 degrades into option 1. Option 4 has the benefits of both option 1 and option2.
For option 6, the TDRA field in the DCI or the TDRA parameter in the type 1 configured grant indicates an entry in the higher layer configured table, each entry contains the number of repetitions, starting symbols of each repetition and length of each repetition. Although option 6 does not have the cross slot boundary or DL/UL switching point issue, it requires a great deal of both RRC and physical layer signalling overhead. To support the scheduling flexibility, the number of repetitions can be different among entries, otherwise, it is not necessary to be contained in each entry. For the same reason, the starting symbols of each repetition and length of each repetition can be different among entries as well. In such a case, the number of entries of the TDRA table will be very large even for FDD scenarios. As a result, the number of bits of the TDRA field in the DCI will be large as well. For TDD scenarios, the situation becomes even more complicated. The TDRA table should take into consideration of the flexible frame structure, consequently, the number of entries of the TDRA table and the number of bits of the TDRA field in the DCI will become even larger. Since URLLC traffic has stringent requirements on the reliability, the scheduling DCI requires larger AL compared with eMBB traffic. In the SI phase, it is shown that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide significant gain [3], therefore, it is not desirable to design a scheduling method which requires a large number of bits in the scheduling DCI.
Based on the above analysis, we have the following proposal,
Proposal 1: Option 4 should be supported for URLLC PUSCH enhancements. 
In the last meeting, it has been agreed that dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. There are several remaining issues about the dynamic indication. For the indication signalling, it is recommended to introduce a new field in the UL DCI to indicate the nominal number of repetitions. Although the nominal number joint encoding with TDRA may reduce the overall DCI bits, it brings restrictions on the scheduling as well. Another drawback of the joint encoding mechanism is the increased RRC signalling. No more than 4 candidates of the nominal number are expected to be indicated in the DCI. Individual indication of the nominal number requires 2 bits, the nominal number joint encoding with TDRA may reduce at most 1 bit with the cost of reduced scheduling flexibility as well as increased RRC signalling overhead. The dynamic indication can be applied to the UL DCI format scheduling Rel-16 NR URLLC and the mechanism can be enabled/disabled by RRC signalling. Regarding type 2 configured grant PUSCH activating, the same handling as dynamic PUSCH is recommended. 
Proposal 2: For option 4, introduce a new field in the UL DCI format scheduling Rel-16 NR URLLC to indicate the nominal number of repetitions for dynamic scheduled PUSCH and type 2 configured grant PUSCH activating. The dynamic indication can be enabled/disabled by RRC signalling.
For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, there may be only one symbol in the repetition. For front-loaded-only DMRS, DMRS is always transmitted at the beginning of each repetition and the data may not be transmitted at all. In such a case, it does not make sense just to transmit the DMRS if the data cannot be transmitted. The simplest solution is to drop the repetition, however, it may lead to performance lost in case when the repetition can be combined with an adjacent repetition. 
Proposal 3: For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, for front-loaded-only DMRS, DMRS is transmitted at the beginning of each repetition. When there is only one symbol in the repetition, the repetition can be either dropped or combined with an adjacent repetition as a UE capability.
3. Conclusion
In this contribution, we present our views on the different options of PUSCH enhancements, based on the above discussion, we have the following proposals:
Proposal 1: Option 4 should be supported for URLLC PUSCH enhancements.
Proposal 2: For option 4, introduce a new field in the UL DCI format scheduling Rel-16 NR URLLC to indicate the nominal number of repetitions for dynamic scheduled PUSCH and type 2 configured grant PUSCH activating. The dynamic indication can be enabled/disabled by RRC signalling.
Proposal 3: For option 4, when one nominal repetition is split into multiple repetitions due to segmentation at the slot/UL period boundary, for front-loaded-only DMRS, DMRS is transmitted at the beginning of each repetition. When there is only one symbol in the repetition, the repetition can be either dropped or combined with an adjacent repetition as a UE capability.
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