	3GPP TSG-RAN WG1 Meeting #108-e	
e-Meeting, February 21st – March 3rd, 2022
	R1-2202151


[bookmark: _Hlk495298459]
Agenda item:	8.8.1.1
Source: 	Qualcomm Incorporated
Title: 	 Enhancements on PUSCH repetition type A
Document for:	Discussion/Decision
Open Issues
Core issues regarding this feature have been largely resolved in the last few RAN1 meetings. A few remaining issues were discussed in the last RAN1 meeting, but no clear conclusion was drawn for any of them. In this section discuss these issues and provide our views on addressing them.
Available slot determination by reduced capability half-duplex UEs
In the last meeting, there was an extensive discussion on clarifying the spec. text on how reduced capability half-duplex UE identify available slots. A text proposal clarifying this issue was proposed but not agreed. We suggest that the following version of the text proposal be adopted.
Proposal 1: Adopt the following text proposal to clarify the behavior of a reduced capability half-duplex UE to determine available slots:
	6.1.2.1	Resource allocation in time domain
[Omitted]
For paired spectrum and SUL band:
-	The UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2.
-	A reduced capability half-duplex UE with AvailableSlotCounting enabled determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2. A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
-	The UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by RAR UL grant, based on the TDRA information field value in the RAR UL grant. 
-	The UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, based on the TDRA information field value in the DCI scheduling the PUSCH. 
[Omitted]
6.1.2.3.1	Transport Block repetition for uplink transmissions of PUSCH repetition Type A with a configured grant
[Omitted]
For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, 
-	For unpaired spectrum:
-	If AvailableSlotCounting is enabled, the UE shall repeat the TB across the  slots determined for the PUSCH transmission applying the same symbol allocation in each slot.
-	A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
-	Otherwise, the UE shall repeat the TB across the  consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration.
-	For paired spectrum:
-	The UE shall repeat the TB across the  consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration.
-	If AvailableSlotCounting is enabled, and in case of reduced capability half-duplex UE, the UE shall repeat the TB across the  slots applying the same symbol allocation in each slot. A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.





Applicability of available slot counting when 
With Release 17, we now have two modes of counting PUSCH repetitions --- one based on physical slots and the other based on available slots. The applicability of these two modes of counting for the cases where we have a single slot requires additional clarity. As per the current version of the Release 17 spec (38.214), we have the following situation:
	Case
	K=1

	DG-PUSCH, DCI 0_0
	Available slot counting is not applicable. K2 identifies slot for transmission.

	DG-PUSCH, DCI 0_1/0_2
	Unclear whether available slot counting is applicable. 

	CG-PUSCH
	Available slot counting is not applicable. 



As seen in the table above, while we have precluded the use of available slot-based counting for CG-PUSCH and DG-PUSCH triggered by DCI 0_0, it is not sufficiently clear whether it is applicable when DG-PUSCH is triggered by DCI Format 0_1 or DCI Format 0_2. To better streamline UE behavior for PUSCH transmissions, we suggest that available slot counting be precluded for DCI Formats 0_1 and 0_2 as well. This would be in line with the original intent of the coverage enhancement work item and preserves legacy behavior when .
We make the following proposal:
Proposal 2: For PUSCH Type A Repetitions with  and triggered via DCI 0_1 or DCI 0_2, available slot counting is not applicable. Adopt the following text proposal:
	[bookmark: _Hlk95328484]6.1.2.1	Resource allocation in time domain
<omitted text>
For unpaired spectrum:
-	When AvailableSlotCounting is enabled and , the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst, and the TDRA information field value in the DCI format 0_1 or 0_2.
-	A slot is not counted in the number of  slots for PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
-	Otherwise, the UE determines  consecutive slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2.
<omitted text>



Applicability of available slot counting to Msg3 transmission
As per the current Release 17 spec, it is not entirely clear if available slot based counting is used to determine the slot for Msg3 even when . This can lead to a scenario where a gNB does not have full knowledge of UE behavior since it does not know if it’s a Release 17 UE that can support Msg3 repetitions. Its leads to ambiguity on whether a Msg3 transmission that overlaps with downlink symbols of symbols for SSB will be dropped or not. This ambiguity poses additional complexity for the gNB and is best avoided. We make the following proposal:
Proposal 3: For Msg3 transmission and retransmission, restrict the use of available slot-based counting only to the case when number of repetitions are greater than 1. We suggest the following text proposal:
	6.1.2.1	Resource allocation in time domain
<omitted text>
-	If K > 1, the UE determines  slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by RAR UL grant, based on tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, and the TDRA information field value in the RAR UL grant. 
-	A slot is not counted in the number of  slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by RAR UL grant, if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
-	If K > 1, The UE determines  slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, based on tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst and the TDRA information field value in the DCI scheduling the PUSCH.
-	A slot is not counted in the number of  slots for a PUSCH transmission of a PUSCH repetition Type A scheduled by DCI format 0_0 scrambled by TC-RNTI, if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a DL symbol indicated by tdd-UL-DL-ConfigurationCommon if provided, or a symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.<omitted text>



On the interpretation of K2 offset and the first available slot when K>1 
Traditionally, K2 offset has pointed to the slot where PUSCH is to be transmitted. This has served as a critical point of reference to ensure aspects such as CSI reporting on PUSCH, OoO scheduling of PUSCH, etc, can be handled without any ambiguity. Consider a scenario where PDCCH received in Slot 0 schedules PUSCH in Slot 3 (using K2 offset of 3) and another PDCCH schedules a second PUSCH in Slot 4 (K2 offset of 3). Until now this was a valid scheduling. But now, if Slot 3 turns out to be unavailable and the first PUSCH transmission gets deferred to Slot 4 with starting symbol later than that of the second PUSCH, then its not clear if this would continue to be a valid schedule as this would then constitute an out-of-order scheduling. This is illustrated in the figure below.
[image: ]
Figure 1 OoO scheduling due to available slot counting

To avoid having to clarify each such case, and to preserve existing timeline checks and rules tied to the start of a PUSCH transmission, we propose the following
Proposal 4: For PUSCH Type A Repetitions with K>1, the slot indicated by K2 offset shall be an available slot. 
Conclusions
Based on the discussions presented in the earlier sections, we have the following proposals:
Proposal 1: Adopt the text proposal in Section 1.1 to clarify the behavior of a reduced capability half-duplex UE to determine available slots.
Proposal 2: For PUSCH Type A Repetitions with K=1 and triggered via DCI 0_1 or DCI 0_2, available slot counting is not applicable. Adopt the text proposal in Section 1.2.
Proposal 3: For Msg3 transmission and retransmission, restrict the use of available slot-based counting only to the case when number of repetitions are greater than 1. Adopt the text proposal in Section 1.3.
Proposal 4: For PUSCH Type A Repetitions with K>1, the slot indicated by K2 offset shall be an available slot. 
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Conclusion:
No consensus to introduce pusch-AggregationFactor-r17.
Agreement
· Remove the notes from “Per (UE, cell, TRP, …)” and “Comment” columns of the existing AvailableSlotCounting in the consolidated RRC parameter list.
· If separate FGs are defined for DG-PUSCH and CG-PUSCH, add another AvailableSlotCounting to the consolidated RRC parameter list, with the following contents.
	WI code
	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parant IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment

	NR_cov_enh-Core
	Enhancement on PUSCH repetition Type A
	　
	　
	　
	　
	AvailableSlotCounting
	new
	　
	Enabling PUSCH repetitions counted on the basis of available slots
	ENUMERATED {enabled, disable }
	　
	in ConfiguredGrantConf

	UE-specific
	38.331
	Agreement:
• Each available slot identified by the UE is considered as a transmission occasion for PUSCH repetition.
o RV is cycled across transmission occasions, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.



Conclusion:
· The cancellation of LP PUSCH (introduced in Rel-17 eIIoT/URLLC WI) is applied in Step 2 of the previously agreed 2-step procedure of Rel-17 PUSCH repetitions counted on the basis of available slots (i.e., Option 1-B).
· No specification impact is expected. 

Conclusion
· The CovEnh discussion on the available slot counting for inter-cell mTRPs is deferred until further progress on the collision handling between UL channels/signals and multiple SSBs for inter-cell mTRPs is made in feMIMO session.

Appendix B: Agreements from RAN1-107-e meeting
	Agreement
· The counting based on available slots is applicable to unpaired spectrum, paired spectrum and SUL
· For paired spectrum and SUL except HD-FDD, all slots are considered as available slots in the first step of determining the available slots.

Agreement
· For HD-FDD RedCap Ues supporting the counting based on available slots.
· For CG-PUSCH, ssb-PositionsInBurst is used in the first step of determining of available slots.
· A slot is not counted in the number of available slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionInBurst.
· FFS: For DG-PUSCH
· Note: Neither tdd-UL-DL-ConfigurationCommon nor tdd-UL-DL-ConfigurationDedicated is configured for FDD.

Agreement
· Rel-17 does not support numberOfRepetitions-r17 for DG-PUSCH scheduled by DCI format 0_0 and for Type 2 CG-PUSCH activated by DCI format 0_0.
· repK-r17 supporting up-to-32 repetitions is introduced and is applicable to Type 1 CG-PUSCH and Type 2 CG-PUSCH (irrespective of the activating DCI format).
· Note: No RAN1 spec impact is expected.
· The possible values of repK-r17 includes 16 and 32. FFS: other values.
· numberOfRepetitions-r17 is not applicable to Type 1 CG-PUSCH repetition type A.

Agreement
· 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 in Issue#1-1
· Type-2 CG-PUSCH with Rel-17 repetition factor
 Conclusion
· Rel-17 PUSCH repetition Type A with K>1 does not support PUSCH transmission without UL-SCH.
Agreement
· For repK-r17,
· The value range of repK-17 is {1, 2, 4, 8, 12, 16, 24, 32}.
· repK-r17 is included in ConfiguredGrantConfig.
· When repK-r17 is provided, the legacy repK is not provided.

Agreement
· For HD-FDD RedCap Ues supporting the counting based on available slots.
· For DG-PUSCH, ssb-PositionsInBurst is used in the first step of determining of available slots.
·   A slot is not counted in the number of available slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionInBurst.
· Note: Neither tdd-UL-DL-ConfigurationCommon nor tdd-UL-DL-ConfigurationDedicated is configured for FDD.
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