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1 Introduction
In RAN#83 plenary meeting [1], the WID on physical layer enhancements for NR URLLC was approved. Regarding PUSCH enhancements, the following scope is defined. 
· 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
During the study item phase, mini-slot based repetitions (Option 1) and multi-segment transmission (Option 2) were proposed and discussed. It was concluded to finalize the repetition rule based on two options in the work item phase [2][3]. In the last RAN1#96bis meeting, the following agreements are made: [4]
	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
· [bookmark: _Hlk7789329]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. 
· 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



This contribution provides our view on PUSCH enhancements. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]On PUSCH Enhancements
[bookmark: OLE_LINK69]Motivations
In Rel-15 NR, the slot-level PUSCH repetition is supported. If a Rel-15 UE is configured to repeat PUSCH over K slots, where K is configured by the higher layer parameter pusch-AggregationFactor, then the scheduled PUSCH is repeated over K consecutive slots with the same time domain resource assignment within a slot. If a PUSCH repetition is overlapped with the semi-static DL symbols or SS/PBCH block, then the PUSCH repetition is dropped without deferral. The main benefit of the slot-level PUSCH repetition is to improve coverage. However, it is not appropriate to support low latency as well as high reliability. For example, dropping PUSCH repetition without any deferral does not ensure K repetitions (i.e., the number of PUSCH repetitions depends on the semi-static DL/UL configuration and SS/PBCH block configuration). Also, for high reliability, there would be a significantly high latency since the PUSCH duration may be required to be scheduled considerably long and PUSCH decoding can be started after receiving the last symbol of the PUSCH.
Option 1: On Mini-slot based Repetitions
To address this problem, Rel-16 URLLC considers mini-slot based PUSCH repetition. The mini-slot based PUSCH repetition is to transmit short-TTI PUSCH repetition as back-to-back manner. If the PUSCH repetition is not transmitted by some cases, it can be considered that the PUSCH repetition is deferred to the nearest available symbols. Here we investigate potential problems on the mini-slot based repetitions.
How to determine the time domain resource 
When determining the time domain resource for each repetition, we need to consider:
· Whether to cross the slot boundary
· Whether to overlap with semi-static DL symbols or SS/PBCH blocks
First, RAN1 agreed at the RAN1#94bis meeting that one PUSCH transmission instance is not allowed to cross the slot boundary. Thus, if there is a potential PUSCH repetition cross the slot boundary, then the PUSCH repetition should be deferred in the next slot or the duration of the PUSCH repetition should be reduced to match the number of remaining symbols in the intended slot. Second, semi-static DL symbols are mainly used to receive DL signals/channels such as PDSCH, PDCCH, or CSI-RS and SS/PBCH blocks. Thus, if at least one symbol of a potential PUSCH repetition overlaps with the semi-static DL symbol and the SS/PBCH block(s), then the PUSCH repetition should be deferred to the next slot with the number of available symbols for a potential PUSCH repetition. Taking into account two aspects of crossing the slot boundary and overlapping with the semi-static DL symbol and the SS/PBCH block(s), it seems to be desirable to postpone the PUSCH repetition to the next slot with the number of available symbols for a potential PUSCH repetition as a unified UE behavior. 
One of the remaining questions is whether or not to use the semi-static flexible symbols right after semi-static DL symbols or SS/PBCH block. Typically, some RF switching time is required to switch RF direction from DL to UL. The TS38.211 specification defines the minimum transition time between DL reception and UL transmission which is 25600*Tc for FR1 and 13792*Tc for FR2 [5]. In other words, at least one symbol is required to support RF switching. If a Rel-16 URLLC UE selects the first available symbol as a semi-static flexible symbol right after the semi-static DL symbol or SS/PBCH block, then the RF switching time cannot be guaranteed. Thus, it is necessary to guarantee at least one symbol when determining the first available symbol for PUSCH repetition.
· Proposal 1: When determining the first available symbol, it should be further discussed whether or not to exclude a semi-static flexible symbol right after semi-static DL symbols or SS/PBCH blocks.

Option 2: On Multi-segment Transmission
Contrary to mini-slot based repetitions where the scheduled PUSCH transmission is repeated, in the multi-segment transmission, potential PUSCH resources are allocated and then the resources are divided into multiple segments around a slot boundary or DL symbols. Each PUSCH repetition is transmitted on each divided resource. The main motivation of the multi-segment transmission is to reduce alignment delay of UL URLLC packet. 
SLIV design rule for S+L>14
One of the main problems is to define a new rule to interpret SLIV. In Rel-15 NR, the SLIV only indicate the combination of the starting symbol S and the length L such that S=0, 1, …, 13 and S+L≤14, i.e., the starting symbol and the ending symbol of PUSCH are constrained in a same slot. It can prevent a PUSCH transmission from crossing slot boundary. Instead, it is needed to allow PUSCH to cross slot boundary for supporting the multi-segment transmission. That is, SLIV should support some S and L combinations such that S+L>14. Note that there are no motivations to change a range of S values, because it can be implemented by increasing K2 values instead of allowing S>13. The remaining question is on the upper limit of S+L. Taking a tight latency requirement of URLLC services into account, the higher S+L would result in inevitably higher latency and so it is not preferred. Also, if we take the upper limit of S+L is not equal to 28, the partial symbols in the second slot are used and the remaining “orphan” symbols are created. Based on this observations, one candidate is to take S+L≤28, in other words, the ending symbol of all PUSCH repetitions is limited in two consecutive slots.
· Proposal 2: We propose to design SLIV in order to support that all PUSCH repetitions are limited in two consecutive slots (i.e., S=0,1, 2, …, 13 and S+L≤28).

Option 4 and Option 6: Harmonized Solutions 
In the RAN1#96 meeting, as a harmonized solution for PUSCH repetition, the option 4, 5, and 6 were proposed and it was agreed in the last RAN1#96bis meeting that the option 5 is not considered further as part of PUSCH enhancements. Here, the option 4 and 6 are introduced and compared.
Option 4
	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.


Option 4 are basically based on option 1 (mini-slot based PUSCH repetition). The difference between option 1 and option 4 is that when a PUSCH repetition is across a slot boundary, option 2 (multi-segment transmission) rules are applied to the PUSCH repetition (i.e. the PUSCH repetition is split into two repetitions). The main problem of option 4 is to create a PUSCH repetition with small # of symbol due to splitting. However, gNB can be avoid causing such a problem by choose appropriate a TDRA table entry and a repetition number. One FFS point in Option 4 is whether or not to support L>14. If L is less than or equal to 14, a PUSCH repetition cannot occupy one slot. In other words, a PUSCH repetition has less than 14 symbols. In this case, as mentioned in option 2, some of symbols in the second slot are un-used and remained as “orphan” symbols so that it would decrease symbol utilization. To avoid this case, similarly as in Option 2, S+L can be up to multiple of 14, e.g. 28. 
· Proposal 3: Similarly as in Proposal 3, we propose to design SLIV in order to support that all PUSCH repetitions are limited in two consecutive slots (i.e., S=0,1, 2, …, 13 and S+L≤28).
One remaining issue is how to determine a DM-RS symbol location. In Rel-15, a TDRA table entry includes PUSCH mapping type A or B. If a UE is indicated to PUSCH mapping type A, the UE transmits a DM-RS symbol in a fixed symbol of a slot. Otherwise, if a UE is indicated to PUSCH mapping type B, the UE transmit a DM-RS symbol in the first symbol of the allocated PUSCH. The problem is the case that a UE indicates PUSCH mapping type A and more than 2 repetition number. In this case, the DM-RS symbol is not defined in the second PUSCH repetition. Two rules can be considered: one is to follow PUSCH mapping type B for the second PUSCH and another is that a UE does not expect to indicate PUSCH mapping type A with more than one repetition number at the same time.
· Proposal 4: In case that PUSCH mapping type A is indicated, to determine the DM-RS symbol location in each PUSCH repetition,
1) Follow PUSCH mapping type A for the first repetition and follow PUSCH mapping type B for the other repetitions
2) A UE does not expect to indicate PUSCH mapping type A with more than one repetition number at the same time.

Option 6
	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.



Option 6 is to configure multiple SLIVs for each repetition. The advantages of this option are to make a symbol gap between repetitions and to reuse SLIV definition in Rel-15 NR. The symbol gap can be used for DL transmission (e.g. CORESET monitoring or PDSCH transmission for URLLC services), different UL signal transmission of the same UE (e.g. PUCCH for URLLC services), or different UEs’ transmission. However, it may not be easy to configure multiple SLIV according to diverse DL/UL slot configurations and DL/UL transmission in a cell. Also, Rel-16 NR URLLC supports compact DCI that can reduce up to 16 bits compared to Rel-15 fallback DCI. In other words, it does not make sense to increase bit-width of TDRA field. Therefore, the symbol gap between two repetitions has negative impacts on the latency of URLLC service. 
One issue is how to handle the collision case that semi-static DL and the scheduled PUSCH. In Rel-15, a UE does not expect to be indicated to transmit UL signal on the semi-static DL symbol. In Rel-16, the same rule should be followed. If not, additional UE behaviours should be defined for each collision cases. For simple and clear UE behaviour, it would be better to support that the UE does not expect that the resource allocation has conflict with semi-static DL symbol(s).
· Proposal 5: A UE does not expect that the resource allocation has conflict with semi-static DL symbol(s).

3 Conclusion
In this contribution, we studied potential enhancements to PUSCH for Rel-16 URLLC and the followings were proposed
· Proposal 1: When determining the first available symbol, it should be further discussed whether or not to exclude a semi-static flexible symbol right after semi-static DL symbols or SS/PBCH blocks.
· Proposal 2: We propose to design SLIV in order to support that all PUSCH repetitions are limited in two consecutive slots (i.e., S=0,1, 2, …, 13 and S+L≤28).
· Proposal 3: Similarly as in Proposal 2, we propose to design SLIV in order to support that all PUSCH repetitions are limited in two consecutive slots (i.e., S=0,1, 2, …, 13 and S+L≤28).
· Proposal 4: In case that PUSCH mapping type A is indicated, to determine the DM-RS symbol location in each PUSCH repetition,
3) Follow PUSCH mapping type A for the first repetition and follow PUSCH mapping type B for the other repetitions
4) A UE does not expect to indicate PUSCH mapping type A and more than one repetition number at the same time.
· Proposal 5: A UE does not expect that the resource allocation has conflict with semi-static DL symbol(s).
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