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Background
In RAN#104-e, enhancements on PUSCH repetition type A for coverage enhancement were discussed and the following agreement were made [1]. 
	Agreements:
Select one of the following alternatives, considering the aspect whether or not the determination of all the available slots should be done prior to the first actual transmission of the repetitions (other alternatives are not precluded)
-        Alt1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and does not depend on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
-        Alt2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and also depends on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).

Agreements:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.

Agreements:
For defining available slots: a slot is determined as unavailable if at least one of the symbols indicated by TDRA for a PUSCH in the slot overlaps with the symbol not intended for UL transmissions
· FFS details

Agreements:
Rel-17 PUSCH repetition Type A supports the increase of maximum number of repetitions with repetition factors configured in a TDRA list with a row index indicated either by the configured grant configuration or by TDRA field in a DCI.
· FFS: increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.

Conclusion:
Discuss further to select one of the following alternatives:
· Alt-a: The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
· Alt-b: The determination of all the available slots does not have to be done prior to the first actual transmission of the repetitions. The timeline requirement is per repetition basis.


This contribution presents our views on enhancements on PUSCH repetition type A.
Discussions
1.1. Increasing the maximum number of repetitions
In RAN1#104-e, the main discussion point on this issue was whether two enhancements, i.e. (a) increasing of the maximum number of repetitions and (b) the number of repetitions counted on the basis of available slots, can be configured separately or not. Although this aspect is highly related to UE feature discussions which should be discussed in the later stage, many companies were thinking the maximum number of repetitions should be designed such that it achieves a good coverage without assuming the number of repetitions counted on the basis of available slots. We also think this design principle would be a safer choice. As for an exact value of the maximum repetition number, in SI phase many companies showed good performance gains by using 4 or 8 actual UL transmissions. We originally proposed 36 as the maximum number, as it achieves 8 actual UL transmissions with “DDDSU” configuration. However, in RAN1#104-e, the majority supported the maximum number of 32, and it was commented that 32 repetitions can provide more than 8 actual UL transmissions with “DDDDDDSUUU”. Therefore, we propose taking 32 as the maximum number of configured repetitions.
Proposal 1:
· The maximum number of configured repetitions is extended to 32.

1.2.  The number of repetitions counted on the basis of available resources for UL transmissions
Consideration of dynamic SFI for the determination of available slots
According to Clause 11.1 and 11.1.1 of the current TS38.213 [2], the Rel-16 PUSCH repetitions with SFI can be summarized as follows.
· For DG PUSCH with repetition and CG PUSCH with repetition,
· Regardless of whether dynamic SFI is configured or not, 
· On semi-static UL symbols,
· The repetition is transmitted.  Not affected by dynamic SFI
· On semi-static DL symbols or Flexible symbols with SS/PBCH blocks,
· The repetition is not transmitted.  Not affected by dynamic SFI
· On semi-static Flexible symbols without SS/PBCH blocks
· DG PUSCH with the repetition is transmitted.  Not affected by dynamic SFI
· No conflict with dynamic DL symbols is expected.
· No conflict with a dynamic DL transmission is defined.
· [bookmark: _Hlk66813794]The PUSCH with the repetition scheduled by Type 2 CG activation DCI is transmitted.  Not affected by dynamic SFI
· No conflict with dynamic DL/Flexible symbols is expected.
· For CG PUSCH (other than the PUSCH scheduled by Type 2 CG activation DCI),
· If the repetition conflicts with a dynamic DL transmission, the repetition is cancelled subject to the processing time requirement. Otherwise, the repetition is transmitted.  Affected by dynamic SFI
· No conflict with a semi-static DL transmission is expected
· If dynamic SFI is configured,
· On semi-static Flexible symbols without SS/PBCH blocks,
· For CG PUSCH (other than the PUSCH scheduled by Type 2 CG activation DCI),
· If the repetition conflicts with DL/Flexible symbols, the repetition is cancelled subject to the processing time requirement.  Affected by dynamic SFI
· If the dynamic SFI is not received
· The repetition is cancelled subject to the processing time requirement.  Affected by dynamic SFI
· Otherwise, the repetition is transmitted.

It can be seen that, in Rel-16, the omission of DG-PUSCH with repetition is not affected by dynamic SFI even if configured. We do not see the need to change this principle in Rel-17 PUSCH repetition.
Proposal 2:
· For DG-PUSCH, dynamic SFI is not used for the determination of available slots.

Relation with MAC procedures
The current TS38.214 [3] and TS38.321 [4] have the following descriptions related to PUSCH repetition Type A.
	TS38.214
For PUSCH repetition Type A, in case K>1, the same symbol allocation is applied across the K consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot. The redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, … K-1, is determined according to table 6.1.2.1-2.



	TS38.321
The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.



	TS38.214
For PUSCH repetition Type A, a PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted according to the conditions in Clause 9, Clause 11.1 and Clause 11.2A of [6, TS38.213]. 



In short, the Rel-16 PUSCH repetitions Type A has the following interaction between PHY and MAC layers.
1) PHY determines K consecutive slots (i.e. K transmission occasions) for PUSCH repetition Type A when detecting DCI, where K is repetition factor.
2) MAC entity delivers K UL grants, where K is provided by PHY.
3) PHY prepares K transmissions.
4) According to omission rules, PHY omits transmission(s) in some, if any, of K slots.
In order to minimize the MAC impact, the number of UL grants that MAC layer generates should remain as K. In other words, for Rel-17 PUSCH repetition type A, PHY should determine K slots in above Step 1) based on “availability” of the slots.
Proposal 3:
· For a TB, PHY layer determines K available slots for which MAC entity delivers K UL grants.

RV determination
[bookmark: _Hlk71644123]According to the current TS38.214 [3], RV for PUSCH repetition Type A in the n-th transmission occasion within K consecutive slots is derived by using n. It should be discussed how the RV derivation scheme is updated to support the available-slot-based repetition. Similar to Rel-16, RV in a slot can be derived by the index of the slot, where the index=0 at the slot Ks derived from the slot offset K2. However, there are several options in terms of indexing of the slot.
For RV determination, indexing is based on: 
· Option 1: consecutive slots,
· Option 2: available slots according to semi-static configurations, or
· Option 3: available slots according to semi-static configurations and dynamic signaling.
Option 1 provides the lowest coding gain for TDD. Option 3 may cause mis-alignment of RV assumptions between gNB and UE when the UE fails to detect the dynamic signaling. Therefore, Option 2 is preferred.
[bookmark: _Hlk71213938]Proposal 4:
· [bookmark: _Hlk71215964]RV in a slot is derived by the index of the slot, where the indexing is based on available slots according to semi-static configurations, and the index=0 at the slot Ks derived from the slot offset K2.

Timeline requirement for the determination of available slots
According to the current TS38.213 [2] and TS38.214 [3], timeline requirements for PUSCH repetition are described. The following table summarizes the timeline requirements for Rel-16 PUSCH repetition. All of the Rel-16 PUSCH repetition timeline requirements are with per-repetition basis.
Table 1: Timeline requirement for Rel-16 PUSCH repetition
	Overlapping with dynamic DL or Flexible
	Tproc,2 per repetition

	Overlapping with larger priority PUCCH/PUSCH
	Tproc,2 + d1 (or Tproc,2 assuming d2,1 = d1) per repetition

	Overlapping with resources indicated by CI
	Tproc,2 of processing Cap#2 per repetition



Observation 1:
· In Rel-16, timeline requirement for cancelation of PUSCH repetition is defined by using Tproc,2 with per-repetition basis.
If so-called postponement of PUSCH repetition causes more processing burden than PUSCH omission, it can be studied how much processing time needs to be relaxed. On the other hand, so far we have not seen any reason to make the determination of all available slots done prior to the first transmission.
Observation 2:
· It has not been identified what is bottleneck/bar of repetition-by-repetition based timeline requirement for available slot determination.

Consideration of other dynamic signaling than SFI for the determination of available slots
According to Clause 9 of the current TS38.213 [2], the Rel-16 PUSCH repetitions colliding with the larger priority channels can be summarized as follows.
· For DG PUSCH with repetition and CG PUSCH with repetition,
· If overlapping with PUCCH/PUSCH of larger priority scheduled by a DCI format in a PDCCH reception,
· The UE cancels the repetition.  Affected by dynamic scheduling of other channels
· The UE expects the PUCCH would not start before Tproc,2+d1 after a last symbol of the corresponding PDCCH reception.
· [bookmark: _Hlk71565230]If overlapping with SR with larger priority,
· The UE cancels the repetition.  Affected by dynamic scheduling of other channels
· If overlapping with PUCCH with repetition
· The UE does not transmit the PUSCH in the overlapping slots.  Affected by dynamic scheduling of other channels
· For DG PUSCH with repetition,
· If overlapping with PUCCH with larger priority with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH,
· The UE does not expect such scheduling.
· For CG PUSCH with repetition,
· If overlapping with PUCCH with larger priority with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH,
· The UE cancels the repetition.
· If Overlapping with CG-PUSCH of larger priority,
· The UE cancels the repetition.

As summarized above, the Rel-16 PUSCH repetition omission is affected by dynamic scheduling of other channels. Unlike the other channels, it is not possible for the gNB to be aware of overlapping with SR with larger priority in advance. If the transmission of SR with larger priority affects the determination of available slots, the available slots determined by the UE may be different from what the gNB expected. This possibility leads to the problem that the UE performs UL transmissions in the slots which are not assumed to be available by the gNB, and such UL transmissions cause serious interference to other channels that the gNB schedules. Therefore, at least overlapping with SR with larger priority should not have any impact on the determination of available slots.
Proposal 5:
· Overlapping with SR with larger priority should not have any impact on the determination of available slots.

As discussed in the section 2.2.4, it has not been identified any reason to change per-repetition-based timeline consideration. However, as discussed in the section 2.2.3, RV derivation should not be affected by dynamic signaling, because detection failures of the dynamic signaling cause misalignment of RV assumptions between gNB and UE.
In addition, in RAN1#104bis-e it was taken as a working assumption that the number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3 [5]. At lease before RRC connection, the determination of available slots for Msg3 shall be affected by neither SFI, PUSCH priority nor CI. This means Rel-17 should support the available slot determination which does not refer to SFI, PUSCH priority or CI, anyway. 
Based on the above analyses, more reasonable approach is that only semi-static configurations are used for the determination of the available slots.
Proposal 6:
· Whether or not a slot is determined as available for UL transmissions depends on RRC configurations and does not depend on any dynamic signaling.

A remaining detail is what types of RRC configurations should be used for the determination of available slots. As written in the above summary of Rel-16 behaviors, omissions of CG PUSCH with repetition are affected by another CG-PUSCH with larger priority and PUCCH with larger priority with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH. These RRC configurations can be considered for the determination of available slots, so that more actual transmissions can be achieved.
Proposal 7:
· For CG-PUSCH with repetition, the following RRC configurations are used for the determination of available slots:
· Other CG-PUSCH with larger priority,
· PUCCH with larger priority with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH.


Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1:
· The maximum number of configured repetitions is extended to 32.
Proposal 2:
· For DG-PUSCH, dynamic SFI is not used for the determination of available slots.
Proposal 3:
· For a TB, PHY layer determines K available slots for which MAC entity delivers K UL grants.
Proposal 4:
· RV in a slot is derived by the index of the slot, where the indexing is based on available slots according to semi-static configurations, and the index=0 at the slot Ks derived from the slot offset K2.
Observation 1:
· In Rel-16, timeline requirement for cancelation of PUSCH repetition is defined by using Tproc,2 with per-repetition basis.
Observation 2:
· It has not been identified what is bottleneck/bar of repetition-by-repetition based timeline requirement for available slot determination.
Proposal 5:
· Overlapping with SR with larger priority should not have any impact on the determination of available slots.
Proposal 6:
· Whether or not a slot is determined as available for UL transmissions depends on RRC configurations and does not depend on any dynamic signaling.
Proposal 7:
· For CG-PUSCH with repetition, the following RRC configurations are used for the determination of available slots:
· Other CG-PUSCH with larger priority,
· PUCCH with larger priority with HARQ-ACK information only in response to a PDSCH reception without a corresponding PDCCH.
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