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Introduction
In RAN#83 plenary meeting a new WI on Physical Layer Enhancements for NR URLLC for Rel-16 was agreed. One of the identified objectives of this WI is related to the PUSCH enhancement:

· 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 meeting #96 [1], there was the following agreements related to physical layer enhancements for PUSCH:

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.

Options 1, 2, 4, 5, and 6 are captured in the TR as the following [2]:

Option 1 (Mini-slot level repetition): One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots.
Option 2 (Multi-segment transmission): One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations.
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. It further consists of:
-	The number of the repetitions signalled 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.

[bookmark: _Hlk5092004]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. It further consists of:
-	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 determine 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.
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 this document, we discuss our views on the PUSCH repetition.

1 Discussion on the options for PUSCH repetition
Based on the offline discussions and the agreement in previous meetings (including meeting #96), one of the main options related to the PUSCH physical layer enhancement is related to mini-slot repetition (as shown in Figure 1). This would be an enhancement to the existing R15 slot-based repetition, where for grant-based transmission, a TB is transmitted across multiple consecutive slots applying the same symbol allocation in each slot and the redundancy version to be applied on the nth transmission occasion of the TB is determined according to a prespecified table and possibly together with a RV index indicated by the DCI scheduling the PUSCH.
The other main alternative is multi-segment PUSCH transmission over multiple slots, or multiple UL periods. This alternative may induce larger latencies which make it difficult to satisfy the stringent low-latency and high-reliability requirements of URLLC at the same time. Therefore, we think supporting PUSCH repetition in one slot is more advantageous for many URLLC applications.



[bookmark: _Ref528740732]Figure 1: R15 slot-based repetition vs mini-slot based repetition for PUSCH

The motivation for introducing mini-slot repetition is two-fold:
· Latency: It is an established fact that for certain numerologies (e.g., the baseline 15kHz SCS), the slot-level repetition cannot be used for the use cases with the low latency requirement of 1 msec as each slot has a duration of 1msec. Therefore, enabling mini-slot repetition is a relatively straightforward enhancement to achieve higher reliability in the latency-bound requirement of packets defined for R16 URLLC applications. In fact, since the same resource allocation is used in every slot for slot-level-repetition, in case the PUSCH allocation is at the end of a given slot, the UE needs to wait for the same resources at the end of the next slots for UL transmission which could potentially exceed the latency-bound requirement. 
· Reliability: One of the contentious areas during the offline discussion was whether the mini-slot based repetition can provide any benefit in terms of reliability compared to a longer PUSCH allocation with more coding (as shown in Figure 2). Some of the arguments against the mini-slot repetition for reliability are that a longer PUSCH allocation automatically provides a lower coding rate which in turn provides a better performance. Besides, in case of intra-slot hopping, the current R15 PUSCH design could capture the channel frequency diversity.


[bookmark: _Ref528741115]Figure 2: Longer duration PUSCH vs mini-slot based repetition  
Some arguments in support of mini-slot repetition for higher reliability are:
· Channel coding: For small packet sizes, both long PUSCH and mini-slot repetition provide a relatively similar coding gain as both will effectively use a low MCS with repetition coding. 
· DMRS overhead: The slot-based approach has slightly lower DMRS overhead compared to the mini-slot repetition as long as the mini-slot repetition is using more than two repetitions (noting that a separate DMRS is needed for each hop for the intra-slot hopping in R15 PUSCH design). However, the mini-slot based scheme with more than two repetitions provides a larger diversity gain when it is combined with hopping.
· [bookmark: _Hlk528914387]Frequency hopping for diversity gain: Intra-slot hopping for PUSCH was introduced in R15 to harness the frequency diversity within the active BWP. However, NR intra-slot hopping is currently limited to one hop within a slot, while mini-slot repetition can practically utilize multiple hops within a slot assuming a mini-slot with two or four OFDM symbol length (As shown in Figure 3: Mini-slot repetition within a slot with frequency hopping). Therefore, mini-slot hopping has the potential to harness more frequency diversity in the dispersive channels. 
· Frequency hopping for interference randomization: For UL configured grant, as the overloading factor increases, the performance of PUSCH is substantially impacted due to the collision between the UL GF transmissions. Mini-slot repetition has the potential to further randomize the interference for UL data transmission and enhance the reliability in the overloaded systems.

The other alternative that was considered for PUSCH repetition is multi-segment transmission. If this approach is selected for PUSCH in Release 16, a main question is how to select the time resources for each repetition. This is particularly important because the slot format indicated by the SFI may be different for different slots associated with a multi-segment transmission of PUSCH. This means that the time resources that are assigned by one SLIV for the first transmission may be not be applicable for future the repetitions in other slots. 

In the last meeting (RAN1 #96 [1]), because of a lack of consensus on the selection of one the two main options (option 1 and option 2), different options (options 4, 5, and 6) were proposed to incorporate both options 1 and 2, and when and how to use them. Among these options, option 4 is using the least signaling, because the time domain resource assignment (TDRA) indicates the time resources for the first assignment and the time domain resources for the remaining repetitions are derived based on the resources for the first repetition and the UL/DL direction of the symbols (and possibly some other parameters). On the other hand, options 5 and 6 allow flexibility in time resource assignment of each repetition, though at the cost of excessive signaling. We think that option 4 provides the main benefits of mini-slot-repetition without unnecessarily excessive signalling. 

Proposal 1: NR supports option 4 for PUSCH repetition.


Summary

[bookmark: _Ref455734493][bookmark: _Ref434502751][bookmark: _Ref419296613][bookmark: _Ref434227915][bookmark: _Ref434501473]In this contribution, some potential physical layer enhancements for PUSCH were discussed. The following was proposed:

Proposal 1: NR supports option 4 for PUSCH repetition.
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