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Introduction
In RAN 83, objectives of work item were defined [1] and the following shows PUSCH part:
· 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 RAN1 96, one conclusion on PUSCH was achieved in the following [2] and option 4,5 and 6 mentioned in conclusion are listed in the following:
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.

Option 4: 
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. 
· 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.
4 symbols, 4 repetitions
Slot boundary
4 symbols, 2 repetitions
Slot boundary
14 symbols, 1 repetition
Slot boundary
Note: this case requires S+L>14.


Option 5:
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 signalled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger or smaller 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) and the number of repetitions K are used to determined the overall resources for all the repetitions (L*K). 
· If the overall resources go across the slot boundary or DL/UL switching point, one repetition is transmitted in each UL period in a slot. 
· Otherwise, the nominal number of repetitions are transmitted, each repetition with the transmission duration indicated in the TDRA.
· The TDRA is indicated in the DCI for dynamic grant or type 2 configured grant, or RRC configured for type 1 configured grant.
· No DMRS sharing across multiple PUSCH repetitions
· No special handling of orphan symbols
· The maximum TBS size is not increased compared to Rel-15.
· L <= 14
· S+L can be larger than 14
· Note: different repetitions may have the same or different RV.
L=4, K=4
Slot boundary
L=4, K=2


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
· 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 nnumber 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 this contribution, we shall focus on PUSCH enhancement.
Potential issues for one grant to schedule PUSCH repetition
Option 6 requires large signaling overhead to support diverse resource allocation and UL/DL configuration, so it is not preferred. Option 4 and 5 are very similar and has similar open issues. We firstly focus on these issues.
· Time domain resource determination
Interaction with the DL/UL direction
For slot repetition, if transmission direction in one PUSCH repetition is not all uplink or flexible, then the PUSCH repetition is discarded. For mini-slot repetition, the similar rule can be a starting point. 
Dynamic indication for mini-slot repetition
Currently, repetition is semi-static configuration. If repetition is configured only for cross-slot transmission, then repetition is not always required and Semi-static configuration leads PUSCH resource waste. Therefore, dynamic indication for repetition is necessary for mini-slot repetition.
Time domain resource indication for multi-segments
Modifying SLIV to support the cases with S+L>14 has small specification impact. It is probable for cell edge UE with long transmission duration to cross slot. For cell edge UE, short transmission duration hardly can be configured. Therefore,  if time domain resource assignment table size keep the same, the options that short transmission duration  can be deleted and the options that S+L> can be added.
· TBS determination
For slot repetition, TBS is determined by first repetition. Similarly, for mini-slot repetition and multi-segments, TBS is determined by first repetition or first segment.
· Frequency hopping
For dynamic transmission, Frequency hopping provides frequency diversity. However, URLLC transmission is usually wide transmission band and short time duration to reduce latency. For wideband transmission, frequency hopping only provides limited frequency diversity. Therefore, simple frequency hopping is enough for dynamic transmission.
For configured grant, collision among UE in one grant free can not be controlled by gNB and hopping is only way to resolve collision. To recognize UE as early as possible, hopping with small time granularity, e.g. symbol-level, should be considered for grant free.


In addition, Current hopping pattern only depends on two parameters, and, available hopping pattern is very limited and randomness of collision among UE is very limited, even leads persistent collision, which is fatal for URLLC. Non-orthogonal resource allocation, especially for data, is usual for URLLC to support more grant free UE in limited resource. If non-orthogonal resource for DMRS is applied, UE cannot be identified and data cannot be demodulated. So we suggest more flexible hopping pattern can be considered in terms of hopping sequence and hopping resource. 
· DMRS supplementation
Option 4 and option 5 support auto-segment across slot boundary and /or switching point between UL and DL, So when one repetition is segmented, then additional DRMS is required in additional repetition part.

Proposal 1: Time domain resource, TBS determination, frequency hopping and DRMS supplementation should be enhanced for one grant to schedule PUSCH repetition.
[bookmark: _GoBack]Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Proposal 1: Time domain resource, TBS determination, frequency hopping and DRMS supplementation should be enhanced for one grant to schedule PUSCH repetition.
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