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Introduction
A work items on NR coverage enhancement was approved [1]. One of objectives of this work item is PUSCH enhancements such as
· Specify the following mechanisms for enhancements on PUSCH repetition Type A
· Increasing the maximum number of repetitions up to a number of determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH
· TBS determined based on multiple slots and transmitted over multiple slots.
· Specify mechanism(s) to enable joint channel estimation
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation
This document provides our view on potential enhancements related to PUSCH repetition Type A.
Discussion
Increasing the maximum number of repetitions
In RAN1#106e, following was agreed.
Agreement:
· DCI format 0-1 and DCI format 0-2 support Rel.17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists.
The remaining issues are
· Issue 1: Whether DCI format 0-0 supports Rel.17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists.
· Issue 2: Whether to support up to 32 repetitions by numberOfRepetitions (i.e., TDRA based repetition factor) for Type 1 CG-PUSCH
· Issue 3: Whether to support up to 32 repetitions by pusch-AggregationFactor or repK
On Issue 1, since the repetition is supported by only DCI format 0-1 and DCI format 0-2 in Rel.15/16, there is no need to support Rel.17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists by DCI format 0-0.
On Issue 2, in Rel.15/16 specification, for PUSCH repetition Type A, the selection of the time domain resource allocation table follows the rules for DCI format 0-0 on UE specific search space. Therefore, Rel.15/16 Type 1 CG-PUSCH does not support PUSCH repetition Type A by numberOfRepetitions (i.e., TDRA based repetition factor). Therefore, we think it is reasonable to have same rule as Rel.15/16, such that support of 32 repetitions by numberOfRepetitions is not applied to Type 1 CG-PUSCH.
On Issue 3, if the conclusion of Issue 2 is that “support of 32 repetitions by numberOfRepetitions is not applied to Type 1 CG-PUSCH”, at least Type 1 CG-PUSCH by repK should be supported in order to support up to 32 repetitions for Type 1 CG-PUSCH.
Our view on support of up to 32 repetitions can be summarized as Table 1. On the support of up to 32 repetitions by pusch-AggregationFactor for DG-PUSCH scheduled by DCI format 0-1/0-2 and by repK for Type 2 CG-PUSCH activated by DCI format 0-1/0-2, we are OK to either way (“support” or “not support” of up to 32 repetitions).
Table 1: Our view on support of up to 32 repetitions
	
	Support of up to 32 repetitions

	
	by Rel.17 pusch-AggregationFactor
	 by Rel.17 repK
	by Rel.17 numberOfRepetitons

	DG-PUSCH scheduled by DCI format 0-0
	No
	N/A
	No

	DG-PUSCH scheduled by DCI format 0-1/0-2
	Yes or No
	N/A
	Yes 
(Agreed in RAN1#106e)

	Type 2 CG-PUSCH activated by DCI format 0-0
	N/A
	No
	No

	Type 2 CG-PUSCH activated by DCI format 0-1/0-2
	N/A
	Yes or No
	Yes 
(Agreed in RAN1#106e)

	Type 1 CG-PUSCH
	N/A
	Yes or No
	No


Proposal 1: Rel.17 does not support up to 32 repetitions for DG-PUSCH scheduled by DCI format 0-0 and for Type 2 CG-PUSCH activated by DCI format 0-0.
Proposal 2: Rel.17 does not support up-to-32 repetitions configured by Rel.17 numberOfRepetitions for Type 1 CG-PUSCH.
Proposal 3: Rel.17 supports up-to-32 repetitions configured by Rel.17 repK for Type 1 CG-PUSCH.

The number of repetitions counted on the basis of available UL slots
Combinations support the counting based on available slots
In RAN1#106bis-e, following question was raised by FL [2].
· Question: Do you agree on that all the following combinations support the counting based on available slots?
· DG PUSCH with Rel.15 repetition factor
· Type-1 CG PUSCH with Rel.15 repetition factor
· Type-2 CG PUSCH with Rel.15 repetition factor
· DG-PUSCH with Rel.16 repetition factor
· Type-2 CG PUSCH with Rel.16 repetition factor
· DG-PUSCH with Rel.17 repetition factor
· Type-1 CG PUSCH with Rel.17 repetition factor, if supported
· Type-2 CG PUSCH with Rel.17 repetition factor
In RAN1#106bis-e, following was agreed on the configuration for two enhancements.
Agreement:
· Two enhancements are configured separately (simultaneous configurations allowed).
· If the new Rel.17 RRC parameter “AvailableSlotCounting” set to “enabled” is configured, numberofrepetitions-r17 may or may not be configured and the counting based on available slots is used.
· Otherwise, numberofrepetitons-r17 may or may not be configured and the counting based on physical slots is used.
In our view, since two enhancements are configured separately, all combinations should be supported.
Proposal 4: All the following combinations support the counting based on available slots.
· DG-PUSCH with Re.15 repetition factor
· Type 1 CG-PUSCH with Rel.15 repetition factor
· Type 2 CG-PUSCH with Rel.15 repetition factor
· DG-PUSCH with Rel.16 repetition factor
· Type 2 CG-PUSCH with Rel.16 repetition factor
· DG-PUSCH with Rel.17 repetition factor
· Type 1 CG-PUSCH with Rel.17 repetition factor, if supported
· Type 2 CG-PUSCH with Rel.17 repetition factor

Determination of the K in TS38.214
In RAN1#106bis-e, following was agreed.
Agreement:
· For the K repetitions of DG PUSCH, Step 1 of the previously agreed 2-step procedure (i.e., Alt.1-B) determines the K earliest available slots no earlier than the slot which is determined by the slot offset .
· No RAN1 specification impact is expected in terms of the relation with the slot which is determined by the slot offset .
· Note: The available slot determination is to be specified.
· For the K repetitions of CG PUSCH, Step 1 of the previously agreed 2-step procedure (i.e., Alt.1-B) determines the K earliest available slots no earlier than the first slot which is determined by at least ConfiguredGrantConfig.
· No RAN1 specification impact is expected in terms of the relation with the first slot which is determined by at least ConfiguredGrantConfig.
· Note: The available slot determination is to be specified.
The remaining question raised by FL was [2] as follows.
· Question: Do you agree on that the number of repetitions, K, in the Step 1 of the agreed Option 1-B is the value indicated/configured by pusch-AggregationFactor, repK, or numberOfRepetitions, and no spec change is expected in terms of determination of the K in TS38.214, except for the support of increased maximum number of repetitions?
In our view, the number of repetitions, K, in the Step 1 should be the value indicated/configured by pusch-AggregationFactor, repK, or numberOfRepetitions. The determination of K in TS38.214 is as follows and no specification change is expected. 
	For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as
-	if numberOfRepetitions is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions;
-	elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor; 
-	otherwise K=1.


Proposal 5: The number of repetitions, K, in the Step 1 of the agreed Option 1-B is the value indicated/configured by pusch-AggregationFactor, repK, or numberOfRepetitions, and no spec change is expected in terms of determination of the K in TS38.214, except for the support of increased maximum number of repetitions.

Applicability of available slot based counting method to paired spectrum
On paired spectrum, to manage which slots can be used would be useful from the gNB scheduler perspective. Some specific slots used for URLLC or other UEs can be reserved. Such useful operation can be realized by just TDD configuration (the tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and ssb-PositionsInBurst) is applied without difference between unpaired and paired spectrum. This would be also useful for SUL problem identified in Rel.15/16 i.e., which slot is valid for SUL is not indicated. Therefore, we propose following.
Proposal 6: When TDD configuration is just applied without difference between unpaired and paired spectrum, the available slot based counting method to paired spectrum should be supported.

In RedCap WI, following conclusion and agreements were made.
Conclusion:
· No consensus of specification support of semi-static UL/DL pattern to HD-FDD RedCap UEs in Rel.17.
Agreement:
· For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission.
· The configured UL transmission includes CG-PUSCH, or SRS
· FFS: Confirm that PUCCH is included
Agreement:
· For Case 5 of dynamically scheduled UL transmission vs. SSB, one or both of the following options to be determined till next meeting:
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission
Since there is no consensus of specification support of semi-static UL/DL pattern to HD-FDD RedCap UEs, available slot counting based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated could not be applicable to HD-FDD RedCap UEs. On the other hand, SSB overlapping could be considered for the determination of available slots. At least for CG-PUSCH, since SSB is prioritized over configured UL transmission, SSB can be considered for the determination of available slots. For DG-PUSCH, if Option 2 is selected, SSB can be considered for the determination of available slots.
Proposal 7: For HD-FDD RedCap UE, ssb-PositionsInBurst can be considered for the determination of available slots.

Conclusion
In this contribution, we provide our view on enhancement of PUSCH repetition Type A. We made following proposals.
Proposal 1: Rel.17 does not support up to 32 repetitions for DG-PUSCH scheduled by DCI format 0-0 and for Type 2 CG-PUSCH activated by DCI format 0-0.
Proposal 2: Rel.17 does not support up-to-32 repetitions configured by Rel.17 numberOfRepetitions for Type 1 CG-PUSCH.
Proposal 3: Rel.17 supports up-to-32 repetitions configured by Rel.17 repK for Type 1 CG-PUSCH.
Proposal 4: All the following combinations support the counting based on available slots.
· DG-PUSCH with Re.15 repetition factor
· Type 1 CG-PUSCH with Rel.15 repetition factor
· Type 2 CG-PUSCH with Rel.15 repetition factor
· DG-PUSCH with Rel.16 repetition factor
· Type 2 CG-PUSCH with Rel.16 repetition factor
· DG-PUSCH with Rel.17 repetition factor
· Type 1 CG-PUSCH with Rel.17 repetition factor, if supported
· Type 2 CG-PUSCH with Rel.17 repetition factor
Proposal 5: The number of repetitions, K, in the Step 1 of the agreed Option 1-B is the value indicated/configured by pusch-AggregationFactor, repK, or numberOfRepetitions, and no spec change is expected in terms of determination of the K in TS38.214, except for the support of increased maximum number of repetitions.
Proposal 6: When TDD configuration is just applied without difference between unpaired and paired spectrum, the available slot based counting method to paired spectrum should be supported.
Proposal 7: For HD-FDD RedCap UE, ssb-PositionsInBurst can be considered for the determination of available slots.
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Appendix: Agreements in previous meetings
RAN1#104e
Agreements:
· The maximum number of repetitions for DG PUSCH is also applicable to CG PUSCH.

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

Agreements:
· Select one of the following alternatives, considering aspects 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).
· Alt.1: 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 signalling (at least SFI, FFS: other dynamic signalling, e.g., CI, PUSCH priority for URLLC).
· Alt.2: 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 signalling (at least SFI, FFS: other dynamic signalling, e.g., CI, PUSCH priority for URLLC).

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.

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.

RAN1#105e
Agreement:
· In addition to {1, 2, 3, 4, 7, 8, 12, 16} and {32}, the following additional value set for repetition factor is supported in Rel.17.
· {20, 24, 28}

Agreement:
· The following agreement in RAN1#104e is applied to all slots including special slots.
· 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

Agreement:
· If PUSCH symbol in a slot overlaps with flexible symbol(s) with SSB transmission, the slot is determined as not available during the counting of repetitions. As there is no PUSCH in the slot, no PUSCH omission applies to the slot.

Agreement:
· Select one from the following (further refinement of the alternatives can be further discussed), for the procedure of Rel.17 PUSCH repetition Type A (Other alternatives are not precluded).
· Alt.1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI.
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel.15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· Alt.1-B’ consisting of two steps
· Step 1: Determine K repetitions based on available slots, where the available slot is the UL slot and flexible slot indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel.15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· FFS: Handling of dynamic signaling (e.g., UL CI, DCI for high priority channel), e.g., UE without CI capability
· Alt.2-A consisting of a single step
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic signaling (e.g., SFI, UL CI, DCI for high priority) in addition TDRA in the DCI scheduling PUSCH, CG configuration or activation DCI.
· Alt.2-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic SFI in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI.
· FFS: Timeline for the dynamic signaling
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel.15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.

Agreement:
· RV cycling is based on available slot for the Type A PUSCH repetition enhancement with repetition counted based on available slot in Rel.17.
Agreement:
· Each available slot identified by the UE is considered as a transmission occasion for PUSCH repetition.
· RV is cycled across transmission occasion, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.

RAN1#106e
Agreement:
· DCI format 0-1 and DCI format 0-2 support Rel.17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists.

Agreement:
· Take Option 1-B as an agreement for the procedure of Rel.17 PUSCH repetitions counted on the basis of available slots.
· Alt.1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI.
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel.15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· FFS: Rel.17 PUSCH dropping rules are also applied if introduced in other WI(s).

Agreement:
· For PUSCH repetition Type A for Rel.17 CG-PUSCH, semi-static flexible symbol is considered as available.

Agreement:
· For PUSCH repetition Type A for Rel.17 DG-PUSCH, semi-static flexible symbol is considered as available.
· Note: The applicability for Msg.3 is to be discussed in 8.8.3.

Agreement:
· For DG-PUSCH with counting based on the available slots, count of available slots continues until satisfying the conditions defined for DG-PUSCH repetition Type A in Rel.16.

Agreement:
· For Rel.17 PUSCH repetition Type A without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced.

Working assumption:
· The maximum number of repetitions accounted for available slots supported by Rel.17 PUSCH repetition Type A is 32.

RAN1#106bis-e
Agreement:
· Working assumption is confirmed.
Working assumption:
· The maximum number of repetitions accounted for available slots supported by Rel.17 PUSCH repetition Type A is 32.

Agreement:
· Only tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are considered for the determination of available slots.
· Any other RRC configuration is not considered for the determination of available slots.

Agreement:
· For the K repetitions of DG PUSCH, Step 1 of the previously agreed 2-step procedure (i.e., Alt.1-B) determines the K earliest available slots no earlier than the slot which is determined by the slot offset .
· No RAN1 specification impact is expected in terms of the relation with the slot which is determined by the slot offset .
· Note: The available slot determination is to be specified.
· For the K repetitions of CG PUSCH, Step 1 of the previously agreed 2-step procedure (i.e., Alt.1-B) determines the K earliest available slots no earlier than the first slot which is determined by at least ConfiguredGrantConfig.
· No RAN1 specification impact is expected in terms of the relation with the first slot which is determined by at least ConfiguredGrantConfig.
· Note: The available slot determination is to be specified.

Conclusion:
· For CG PUSCH repetition counted on the basis of available slots, all the K transmission occasion including the 1st transmission occasion are determined on the basis of available slots.

Agreement:
· For CG PUSCH repetition Type A with the counting based on available slots, the Rel.16 existing restrictions as defined in Clause 6.1.2.3.1 of TS38.214 at least on the initial transmission of a transport block are applied, assuming the K repetitions of Rel.17 determined based the rule of counting available slots.

Agreement:
· The existing restriction “The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P” applies to both the counting based on the physical slots and the counting based on available slots.
· The above “the time duration for the transmission of K repetitions” means the time duration between the start of the 1st slot of the K repetitions and the endo of the last slot of the K repetitions for any instance of a CG period.

Observation:
· Whether or not the counting based on available slots is applicable only to unpaired spectrum is not discussed under AI 8.8.1.1 in RAN1#106bis-e. Discussions on how HD-FDD RedCap UEs support the available slot counting may take place in AI 8.8.1.1 in RAN1#107e, depending on the progress of RedCap WI discussions.

Agreement:
· For the editors
· The structure used for supporting the increased maximum number of repetitions for PUSCH repetition Type A is endorsed in principle to clarify its usage. Please consider them in the specification draft.
· To support the increased maximum number of repetitions for PUSCH repetition Type A, reuse PUSCH-TimeDomainResourceAllocation-r16 structure with adding numberOfRepetitions-r17 to PUSCH-Allocation-r16.

Agreement:
· A single RRC parameter AvailableSlotCounting that applies to both DG PUSCH and CG PUSCH is introduced.

Agreement:
· Two enhancements are configured separately (simultaneous configurations allowed).
· If the new Rel.17 RRC parameter “AvailableSlotCounting” set to “enabled” is configured, numberofrepetitions-r17 may or may not be configured and the counting based on available slots is used.
· Otherwise, numberofrepetitions-r17 may or may not be configured and the counting based on physical slots is used.
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