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1 Introduction
In TSG RAN #83 meeting, a new work item on enhancements to URLLC was approved [1]. The objectives of this work item include:
· 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
The candidate enhancements on PUSCH has been discussed in the study item. In the RAN1 #96 meeting [2], the following conclusion was achieved for PUSCH enhancements. 

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.
The three candidate options in R1-1903797 are defined as follows.
	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 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.


During the study item, the pros and cons of Option 1 (mini-slot based repetition) and Option 2 (multi-segment transmission) were discussed in the perspectives of latency, reliability, overhead, specification effort, etc. The mini-slot based repetition is beneficial on reliability under multi-TRP cases and latency, while the multi-segment transmission is beneficial on reliability under single-TRP cases and RS overhead. Based on the discussions, Option 4, Option 5, and Option 6 were raised during RAN1 #96 meeting as compromised solutions to support both mini-slot based repetition and multi-segment transmission. 
In this contribution, we compare Option 4, Option 5 and Option 6 and provide our attitude for the three options. In addition, the mechanisms of TBS determination, frequency hopping, and the indication of Rel-16 repetition pattern are also discussed.
2 Comparison of Option 4, Option 5 and Option 6
The three options are analyzed in the perspectives of flexibility, SLIV design, DCI overhead, and considerations for configured grant. In addition, other specification impacts, including TBS determination scheme, frequency hopping, etc., are also separately discussed.
2.1 Flexibility on signaling the PUSCH pattern
Both Option 4 and Option 5 support dynamic switch between mini-slot repetition and multi-segments, where the switching occurs in case one PUSCH / the whole duration crosses the slot boundary or DL/UL switching point. E.g., as shown in Figure 1, the gNB can signal ‘L=4, K=2’ under both options to achieve the mini-slot repetition pattern of Case 1, or the gNB can signal ‘L=12, K=1’ under Option 4 or signal ‘L=4, K=3’ under Option 5 to achieve the 2-segments pattern of Case 2.
However, the varieties of TDRA patterns that can be signaled by Option 4 and Option 5 are different. Given that the PUSCHs have to be split into segments by Option 5 once the whole duration crosses the slot boundary, Option 5 cannot signal the mini-slot repetition with the whole duration crossing the slot boundary or DL/UL switching point. As shown in Figure 1 Case 3, Option 4 can signal ‘L=4, K=4’ to achieve the mini-slot repetition pattern crossing the slot boundary, which cannot be signaled by Option 5. As a consequence, the diversity gain that can be achieved by Option 5 would be critically harmed for multi-TRP scenario in case the whole duration crosses slot boundary or DL/UL switching point.
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Figure 1 Flexibility comparison between Option 4 and Option 5
Option 6 is the most flexible option among the 3 candidate options since any combination of repetition number, starting point, and PUSCH length can be included in the RRC configured SLIV pattern table. If the gNB does not wish to avoid PUCCH/SRS/DL period, each entry of the RRC configured SLIV pattern table can comprise contiguous SLIVs. On the other hand, if the gNB wish to avoid PUCCH/SRS/DL period, it can configure more entries by using a larger SLIV field, or swap in some non-contiguous SLIV patterns wherein the gaps in between are used for PUCCH/SRS/DL period. 
Therefore, Option 5 is the least flexible option for signaling PUSCH TDRA patterns.

Observation 1: Option 5 is the least flexible option among the three candidate options for signaling PUSCH TDRA patterns.
2.2 Considerations for configured grant PUSCH

Analysis for Option 4 and Option 5

For Option 4 and Option 5, the time domain resources configuration can be similar to the grant based transmission with the exception that the time domain resources are semi-statically configured or activated. 
For Option 5, besides the issue of limited TDRA pattern as discussed in 2.1, it leads to further issues due to that the unavoidable split of the whole duration into segments in case of crossing the slot boundary or DL/UL switching point.

One issue is the limited starting opportunities. In case the split occurs, there would be only one PUSCH per slot. Hence only one starting opportunity is present for per slot under this pattern, which potentially harms the latency especially for RV pattern 0000 or 0303. For Option 4, in contrast, multiple starting opportunities within per slot can be supported as each mini-slot could potentially be a starting opportunity even for a long whole duration.
The other issue is the risk of DMRS and data collision between multiple UEs assigned with overlapped T/F resources. The DMRS pattern is not even for the whole PUSCH repetitions in case the crossing occurs under Option 5. E.g., front-loaded DMRS has to be positioned at the first symbol of each segment, so the DMRS symbols for different UEs assigned with overlapped T/F resources may not be aligned if the starting points of the UEs are different. As a result, the front-loaded DMRS of the 1st segment for one UE may possibly collide with the data symbol of the 2nd segment of another UE, and therefore inter-UE DMRS and data symbol collides when the traffic for both UEs arrives at the same time, which causes degradation of DMRS detection. Missing DMRS by gNB would lead to DTX(ACK issue if explicit ACK is not introduced, which would cause negative impact to reliability. As shown in Figure 2, UE 1 and UE 2 are assigned with overlapped T/F resources at Slot i+1, but the DMRS symbols for the two UEs are not aligned, thus the DMRS symbol of UE 2 would collide with data symbol of the ongoing transmission of UE 1. 
In contrast, Option 4 can align the DMRS symbol for different UEs assigned with overlapped T/F resources by aligning the boundary of the nominal PUSCH. E.g., if any nominal PUSCH boundary for one UE is aligned with any nominal PUSCH boundary of another UE, all DMRS symbols for both UEs can be aligned, and therefore the collision between DMRS and data can be avoided.

Although the gNB, by implementation, can configure multiple activation configurations to per UE to alleviate the first issue, or always configure different UEs with orthogonal resources to alleviate the second issue, these impose a limitation on resource utilization efficiency on the other hand. 
Observation 2: The starting opportunities within per slot are limited for Option 5 in case the whole duration crosses the slot boundary or DL/UL switching point.
Observation 3: Option 5 has a risk of DMRS and data collision between multiple UEs assigned with overlapped T/F resources for configured grant in case the whole duration crosses the slot boundary or DL/UL switching point.
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Figure 2 Inter-UE DMRS and data collision issue under Option 5
Analysis for Option 6

For Option 6, the benefit of dynamically avoiding PUCCH/SRS/DL period is absent for configured grant since the TDRA is semi-statically configured or activated. To avoid interference to PUCCH/SRS/DL period for another UE, the gNB could configure gaps for all the symbols that the PUCCH/SRS/DL period may potentially occur. E.g., non-contiguous SLIV pattern is configured to leave gaps on RRC configured SRS positions regardless whether dynamic SRS is actually triggered to be transmitted those positions. However, this causes low efficiency on resource utilization and thereby causing larger latency issue. Moreover, considering that the RRC configured SRS periodicity may be different with configured grant periodicity, gaps may always need to be left on the positions even for those where configured SRS is absent for the current configured grant periodicity but present for another configured grant periodicity. 
Therefore, the issue of how to handle the collision with PUCCH/SRS/DL period is common for Option 6 and Option 4/5 under configured grant. How to handle the conflict with DL period signaled by semi-static SFI or dynamic SFI for Option 6 is discussed in 2.5.

Observation 4: The benefit of dynamically avoiding PUCCH/SRS/DL period for Option 6 is absent for configured grant since the TDRA is semi-statically configured or activated, and therefore the issue of how to handle the collision with PUCCH/SRS/DL period is common for Option 6 and Option 4/5 under configured grant.
2.3 DCI overhead
Option 4 and Option 5 has no impact on the DCI overhead except that there can be an enhancement to include the repetition number in the DCI field, i.e., dynamically indicate the repetition number. 
For Option 6, increased DCI overhead may be needed to support aligned set of S+L combinations with Option 4 or Option 5. As an example, for Option 4 or Option 5, the UE can dynamically skip the DL period indicated by dynamic SFI so that one S+L entry is adequate for both conflict case and non-conflict case. In contrast, Option 6 needs multiple entries, with contiguous pattern and non-contiguous pattern for each combination of S+L, applied for conflict case and non-conflict case, respectively. Therefore, more DCI overhead is needed for Option 6, or alternatively, the combination of SLIV patterns may be limited if the DCI overhead for Option 6 is not increased.
Observation 5: More DCI overhead is needed for Option 6 to support dynamic avoidance of DL period.
2.4 SLIV design
For the three candidate options, larger than 14 symbols imposes higher UE capability but achieves no obvious benefits since the reliability can alternatively be enhanced by using repetitions. Therefore, it is not necessary to support L>14. 
S+L>14 is needed for Option 4 and Option 5 to support the case of signaling the TDRA for the first nominal PUSCH among the repetitions which crosses the slot boundary or DL/UL switching point.
For Option 6, the SLIV pattern can be a combination of S+L, repetition number, and slot index, so that there is no need to specify additional S+L>14 patterns for Option 6. E.g., as shown in Figure 1, for Case 1, the SLIV pattern entry can be {slot i, OS 5~8} & {slot i, OS 9~13}; for Case 2, the SLIV pattern entry can be {slot i, OS 11~14} & {slot i+1, OS 1~8}.
2.5 Handling repetitions in conflict with SFI

In TDD transmissions, certain symbols in a slot may be assigned for uplink transmission only, downlink transmission only, or flexible with semi-static SFI or dynamic SFI. If a PUSCH transmission or any portion of a PUSCH transmission is expected to be transmitted in conflict with SFI assignments, then the PUSCH transmission may be omitted, or postponed until the next uplink or flexible symbol. 

For Option 4/5, the UE can omit or postpone the PUSCH repetition if the PUSCH repetition collides with semi-static SFI or dynamic SFI.

For Option 6, it needs to further discuss the conflict case.

· For grant based transmission, the gNB can avoid such conflict by selecting a non-conflict SLIV entry, thus the UE can expect the gNB will not schedule conflict PUSCH and thereby always following the UL grant. 

· For configured grant transmission, however, the SLIV patterns are semi-statically configured or activated, thus the UE should not expect that there is always no conflict. Therefore, the UE still has to omit or postpone the PUSCH repetition when conflict happens.
Based on the above analysis, we have the following proposal:

Proposal 1: Option 5 should be precluded due to the limited flexibility on signaling PUSCH pattern, limited GF starting opportunities, and the potential risk of DMRS and data collision between multiple GF UEs assigned with overlapped T/F resources.
Proposal 2: Between Option 4 and Option 6, Option 4 is preferred as a flexible and DCI saving solution.
· It is not necessary to support L>14.
· S+L>14 can be supported.
3 Other specification impacts
In this section we discuss other specification impacts which may be common for Option 4/5/6.
3.1 TBS determination
Different TBS determination mechanisms were raised for PUSCH repetitions during the study item. Although TBS calculated based on the whole duration would lead to higher spectrum efficiency, it may possibly be too large so that the systematic bits are lost for per repetition on the other hand. Therefore, it is slightly preferred to calculate the TBS based on one certain repetition.
In addition, considering the PUSCH repetitions may be with unequal lengths under Option 4/5/6, it needs to further discuss which repetition (the longer PUSCH or the shorter PUSCH) should be applied for TBS calculation if the TBS is calculated based on one PUSCH, instead of simply reusing the Rel-15 principle, i.e. based on the initial transmission. For example, if the initial transmission is a shorter PUSCH, there is a risk of calculating too small TBS so that the spectrum efficiency is negatively impacted. 
As an alternative, the longest PUSCH may be used for TBS determination to guarantee the whole transmissions are self-decodable while on the other hand achieving better resource utilization efficiency. E.g., for Option 4, the longest PUSCH corresponding to the nominal PUSCH indicated by the SLIV can be used for TBS calculation.
Proposal 3: It could be considered to calculate the TBS based on the longest PUSCH if the PUSCH repetitions are with unequal lengths to guarantee the whole transmissions are self-decodable while on the other hand achieving better resource utilization efficiency.
3.2 Frequency hopping design
For the three candidate options, the PUSCH repetitions can be with equal length or unequal lengths depending on the positions of the UL periods, slot boundary or the SLIV(s) signaled by the DCI.
When the PUSCH repetitions are with equal length, inter-slot PUSCH hopping and inter-PUSCH hopping can be supported as agreed for Option 1. Considering that intra-PUSCH frequency hopping may cause additional DMRS overhead especially for the short PUSCH length so that the benefit of intra-PUSCH hopping may be marginal due to the loss of coding gain. As an alternative, the gNB can signal relatively short PUSCH length and enable inter-PUSCH hopping to achieve a similar effect with the Rel-15 intra-PUSCH hopping.

When the PUSCH repetitions are with unequal lengths, inter-slot PUSCH hopping and inter-PUSCH hopping can be supported to achieve diversity gain. For intra-PUSCH hopping, a similar trade-off issue between DMRS overhead and should be considered. Moreover, for a combination of long PUSCH plus very short PUSCH, it should be further consider whether and how to allow intra-PUSCH hopping for the very short PUSCH if intra-PUSCH frequency hopping is enabled. E.g., if the very short PUSCH is no more than 4OS, there would be at least one hop including only DMRS symbol without data symbol.
Proposal 4: Inter-slot PUSCH hopping and inter-PUSCH hopping can be supported. 
· The benefit of intra-PUSCH hopping can be FFS.
3.3 Signaling of slot-based repetition or Rel-16 based repetition
Signalling for repetition types, e.g. Rel-15 slot-based repetition or Rel-16 based repetition (Option 4/5/6), should be considered, whether it should be explicitly or implicitly signalled and via semi-static signalling or dynamic signalling or any combination. Moreover, repetition types applicable for different resource mapping types, e.g. A and B, should be discussed. 
One way is to configure repetition type, either slot-based repetition or Rel-16 based repetition via higher layer signalling. Regarding the resource mapping type, since the type A has more restriction on the starting symbol as well as the PUSCH duration, it is less suitable for URLLC traffic. Therefore, a UE may not expect to be scheduled with the resource mapping type A and configured with Rel-16 based repetition. On the other hand, the resource mapping type B is more suitable for URLLC traffic. However, the latency and reliability requirements for different URLLC use cases can be different, hence it is more flexible that the resource mapping type B can be paired with configuring either slot-based repetition or Rel-16 based repetition for less and more stringent latency requirements, respectively.
Proposal 5: It could be considered to signal the UE with repetition type, i.e., slot-based repetition or Rel-16 based repetition.
4 Conclusions 
In this contribution, we compared Option 4, Option 5 and Option 6 and provided our preference among the three candidates. In addition, the mechanisms of TBS determination, frequency hopping, and the indication of Rel-16 repetition pattern were also discussed. Based on the discussions, observations and proposals are given as follows.
Observation 1: Option 5 is the least flexible option among the three candidate options for signaling PUSCH TDRA patterns.
Observation 2: The starting opportunities within per slot are limited for Option 5 in case the whole duration crosses the slot boundary or DL/UL switching point.
Observation 3: Option 5 has a risk of DMRS and data collision between multiple UEs assigned with overlapped T/F resources for configured grant in case the whole duration crosses the slot boundary or DL/UL switching point.
Observation 4: The benefit of dynamically avoiding PUCCH/SRS/DL period for Option 6 is absent for configured grant since the TDRA is semi-statically configured or activated, and therefore the issue of how to handle the collision with PUCCH/SRS/DL period is common for Option 6 and Option 4/5 under configured grant.
Observation 5: More DCI overhead is needed for Option 6 to support dynamic avoidance of DL period.
Proposal 1: Option 5 should be precluded due to the limited flexibility on signaling PUSCH pattern, limited GF starting opportunities, and the potential risk of DMRS and data collision between multiple GF UEs assigned with overlapped T/F resources.

Proposal 2: Between Option 4 and Option 6, Option 4 is preferred as a flexible and DCI saving solution.

· It is not necessary to support L>14.
· S+L>14 can be supported.
Proposal 3: It could be considered to calculate the TBS based on the longest PUSCH if the PUSCH repetitions are with unequal lengths to guarantee the whole transmissions are self-decodable while on the other hand achieving better resource utilization efficiency.
Proposal 4: Inter-slot PUSCH hopping and inter-PUSCH hopping can be supported. 

· The benefit of intra-PUSCH hopping can be FFS.
Proposal 5: It could be considered to signal the UE with repetition type, i.e., slot-based repetition or Rel-16 based repetition.
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