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Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK2]According to the new WID on physical layer enhancements for NR URLLC [1], specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH was listed as follows:
· 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 study item phase of NR URLLC, the following conclusion on PUSCH were reached as a starting point for work item phase [2].
RAN1 #96 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.
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.
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 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 contribution, we mainly discuss time domain resource determination, frequency hopping and handling of orphan symbols for PUSCH repetitions within or across slot boundary.
Time domain resource determination
· Grant-based PUSCH repetition
In Rel-15, grant based PUSCH is not expect to be contradict with transmission direction indicated by SFI, and it can be transmitted in flexible symbols indicated by slot configuration/SFI. It means there is no orphan symbol issues for grant based PUSCH in Rel-15. To be efficient, it is better to also avoid orphan symbol(s) when introducing mini-slot grant based PUSCH repetitions. Typically, mini-slot repetitions would not last too long in time since it is targeted for URLLC transmission. Otherwise, Rel-15 slot-based repetition could be used. In this sense, it is feasible that mini-slot repetitions within a relatively short duration is also not expect to be contradict with transmission direction indicated by SFI. 
Observation 1: For grant-based mini-slot PUSCH repetition, it is better to avoid orphan symbol(s) in terms of efficiency.
[bookmark: OLE_LINK6][bookmark: OLE_LINK8]For PUSCH repetition based on Option 4, if a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is automatically split into multiple PUSCH repetitions. But the implicit splitting procedure could cause orphan symbols, e.g., the duration of repetition#4 is too small due to splitting as shown in Figure 1. This cannot be easily avoided by scheduling if above implicit splitting procedure is applied. 


Figure 1. An example of PUSCH repetition based on Option 4

[bookmark: OLE_LINK5]One way out is to adopt an explicit indication for time domain resources for each repetition. Alternatively, Option 6 could be considered, where the number of repetitions, starting symbols of each repetition, length of each repetition, and mapping of the repetitions to slots can be obtained from the TDRA field in the DCI indicating an entry in a higher layer configured table. Then, just like one shot grant-based PUSCH scheduling in Rel-15, “orphan” symbols can be avoided for mini-slot grant-based PUSCH repetitions. 
Observation 2: Option 6 could be considered as one way to solve the orphan symbol(s) issue for grant-based mini-slot PUSCH repetition.
One example is shown in Table 1 assuming the largest actual repetition number is 3. Each entry indicates PUSCH mapping type, the slot offset which indicates the slot index for each PUSCH repetition and SLIV for each repetition. Same to Rel-15, the slot index of the first repetition (numbered from #0) can be determined by K2, i.e., slot offset #0 in Table1. The slot index of the remaining repetition can be determined by slot offset#i as n+slot offset#i, where n is the slot index of the first repetition, and slot offset#i is the slot offset associated with repetition index #i. In Table 1, if Row index#2 is indicated, then the second repetition is in the same slot as the first repetition, while the third repetition is in the next available slot. 

Table 1 Time domain resource allocation of Option 6
	Row index
	PUSCH mapping type
	SLIV #0
	Slot offset #0( K2 for the first repetition)
	SLIV #1
	Slot offset #1
	SLIV #2
	Slot offset #2

	0
	Type B
	Value A0
	0
	-
	-
	-
	-

	1
	Type B
	Value B1
	0
	Value B2
	0
	-
	-

	2
	Type B
	Value C1
	0
	Value C2
	0
	Value C3
	1

	...
	...
	...
	...
	...
	...
	...
	...



Based on above analysis, we prefer Option6 as the solution for grant-based PUSCH repetition. 

Proposal 1: Adopt Option 6 for grant-based mini-slot PUSCH repetition.

· Configured grant PUSCH repetition
In Rel-15, configured grant PUSCH can be transmitted on uplink or flexible symbols configured by RRC slot configuration. Meanwhile, SFI is used to further determine the direction of flexible symbols, e.g. to define as a downlink symbol. So, if we are trying to avoid orphan symbol for configured grant PUSCH repetition, it means SFI is not allowed to conflict with the flexible symbols indicated by slot configuration for configured grant PUSCH. In this sense, the meaning of SFI would be lost in some extent. Thus, both Option 4 and Option 6 could possibly lead to orphan symbols in our views.  
In details, if the following cases possibly causing collision of configured grant based PUSCH and slot configuration/SFI are not specially handled in Rel-16, orphan symbols would also exist.
· 
Case 1: If a set of symbols of a slot is configured for grant free PUSCH, and the UE detects a DCI indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, the UE cancels the PUSCH transmission in remaining symbols from the set of symbols, but does not expect to cancel the transmission in symbols from the subset of symbols within the PUSCH preparation time  .
· Case 2: If the UE is configured by higher layers to transmit PUSCH in the set of symbols of the slot, and if the UE detects an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink or flexible, the UE will cancel the PUSCH transmission in the slot. 
· Case 3: If a UE is configured by higher layers with parameter SlotFormatIndicator, but the UE does not detect a DCI format 2_0 providing a slot format for the slot, the UE does not transmit a configured PUSCH in the slot, starting from a symbol X that is a number of symbols equal to the PUSCH preparation time N2 for the corresponding PUSCH timing capability after a last symbol of a CORESET where the UE is configured to monitor PDCCH for DCI format 2_0. The UE does not expect to cancel the transmission of the PUSCH starting before the symbol X. 
Given that Option 6 has relatively higher flexibility than Option 4, and also aligns with the solution for grant-based PUSCH repetition, we slightly prefer Option 6 also for configured grant PUSCH repetition. 
Proposal 2:Option 6 is slightly preferred  for configured grant mini-slot PUSCH repetition.
Handling of “orphan” symbols
As discussed in section 2, it is hard to avoid orphan symbols at least for configured grant PUSCH repetition. So, ways to handle the orphan symbol issue need further investigate. Firstly, we need to clarify the definition of orphan symbols. For example, when the duration of the repetition is too small(e.g., smaller than a predefined threshold) or when the coding rate of the repetition is too high(e.g., larger than a predefined threshold), the symbols in this repetition are orphan symbols. Then, UE behavior on handling of orphan symbols needs to be defined. One simple way is to transmit nothing on these orphan symbols. This might be not very efficient which depends on whether the orphan symbols can be easily allocated to other signals/UEs or not. Some further consideration on handling of ‘orphan’ symbols are needed. 
 Proposal 3: For configured grant PUSCH repetitions, it needs to study
· the definition of orphan symbols
[bookmark: OLE_LINK10]- the UE behavior on handling of the orphan symbols
Frequency hopping
As agreed in #AH1901 meeting, both inter-PUSCH-repetition hopping and inter-slot hopping are supported for mini-slot repetitions. Next, we provide our views on the detailed hopping pattern. 
· Intra-repetition frequency hopping


For a ‘nominal’ repetition, intra-repetition frequency hopping could reuse Rel-15 rules, i.e., the number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot. It is also applicable to a repetition with only orphan symbols if data is agreed to transmit on the orphan symbol. For example, if the number of OFDM symbols in a ‘nominal’ repetition is 7, while it is spitted into two repetitions when across slot boundary, and one repetition with 1 symbol and another with 6. Then, the frequency resource of the repetition with this orphan symbol are located in the RBs of the second hop according to the equation above. 
· Inter-repetition frequency hopping
For inter-repetition frequency hopping, it could also reuse Rel-15 rules, i.e., the starting RB in each hop is given by:

,



where  is the current repetition number instead of slot number in Rel-15, where a multi-slot PUSCH transmission can take place.  is the starting RB within the UL BWP as calculated from the resource block assignment information and is the frequency offset in RBs between the two frequency hops.
[bookmark: _GoBack]In addition, inter-repetition frequency hopping and intra-repetition frequency hopping is no need to be enabled simultaneously as Rel-15.
Proposal 4: For mini-slot PUSCH repetition, intra-repetition and inter-repetition frequency hopping can reuse Rel-15 rules.
TBS determination




In Rel-15, the total number of REs  are allocated for PUSCH by where  is the total number of allocated PRBs for the UE and  is the number of REs allocated for PUSCH within a PRB. For one or more PUSCH repetitions, whatever TBS determination is based on the whole duration, or the first repetition,, the maximum TBS will not exceed what supported in the Rel-15. 
Proposal 5: The maximum TBS size of PUSCH repetition is not increased compared to Rel-15.
Starting symbol in the next available slot
In Rel-15, if the UE is configured with pusch-AggregationFactor, the same symbol allocation is applied across the pusch-AggregationFactor consecutive slots. If one transmission in a slot collides with slot configuration, the transmission on that slot is omitted and not counted as a valid slot for multi-slot PUSCH transmission. For URLLC traffic, things are different, where all K repetitions should be guaranteed and transmitted as soon as possible. It means the K repetitions should be transmitted in consecutive available slots and started in the first available UL symbols in each slot. Thus, the following two issues need to be discussed. 
· The definition of available slots 
· The definition of first available symbols in each slot
[bookmark: OLE_LINK3]Firstly, a valid slot should contain enough uplink or flexible symbols at least larger than the number of symbols needed for one repetition. Furthermore, if there are downlink symbols before uplink/flexible symbols in one slot according to slot configuration, there might need a guard period (GP) for switching from DL to UL. An example with K=4 and each repetition of two symbols is shown in Figure 3. The first three transmissions are transmitted in slot #n, and the last one is in slot #n+1. That is both slot n# and slot#n+1 are available slots for transmission. If one symbol is used for GP, the first available symbol is the second flexible symbol in slot#n+1. 


Figure 2. K mini-slot grant-based PUSCH repetitions across the slot boundary.
In conclusion, the number of uplink or flexible symbols in the slot is larger than the total number of symbols needed for one repetition and GP. The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP. 
Note, if one repetition is agreed to transmit on orphan symbols, the repetition may not be a full repetition.
Proposal 6: For one or more PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one repetition and GP. 
· The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP. 
· Note, the repetition could be a full repetition or a repetition could be transmitted on orphan symbols if supported. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: For grant-based mini-slot PUSCH repetition, it is better to avoid orphan symbol(s) in terms of efficiency, which is also feasible.
Observation 2: Option 6 could be considered as one way to solve the orphan symbol(s) issue for grant-based mini-slot PUSCH repetition.
Proposal 1: Adopt Option 6 for grant-based mini-slot PUSCH repetition.
Proposal 2:Option 6 is slightly preferred for configured grant mini-slot PUSCH repetition.
Proposal 3: For configured grant PUSCH repetitions, it needs to study
· the definition of orphan symbols
- the UE behavior on handling of the orphan symbols
Proposal 4: For the intra-repetition and inter-repetition frequency hopping, 
· Rel-15 rules is reused for PUSCH repetitions.
· They cannot be enabled simultaneously.
Proposal 5: The maximum TBS size of PUSCH repetition is not increased compared to Rel-15.
Proposal 6: For one or more PUSCH repetitions, an available slot contains enough uplink or flexible symbols, which is larger than the total number of symbols needed for one repetition and GP. 
· The first available symbols in the available slot is the first uplink or flexible symbols other than the symbols used for GP. 
· Note, the repetition could be a full repetition or a repetition could be transmitted on orphan symbols if supported. 
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