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[bookmark: _Ref521334010]Introduction
Rel-17 NR aims to improve the coverage of UL channels, where the latest WID was agreed in RAN#92-e [1]. For PUSCH, it was agreed that both directions for repetition type A (i.e., increasing the maximum repetition number, and counting the number of repetitions on the basis of available UL slots) are to be specified. The following conclusion /agreements were achieved in RAN1#107bis-e [2]:
	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.


There are a few open issues left in PUSCH repetition type A after RAN1#107bis-e, which will be discussed in this contribution.

Discussion
Definition of repetition type A
In RAN1#107bis-e, it has been discussed whether the following TP can be adopted [3]. The motivation is to addback the frequency hopping behaviour of PUSCH scheduled by DCI format 0_0. 
	6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
For PUSCH repetition Type A scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI, DCI format 0_1 or 0_2 and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.


However, the above TP was not agreed at the end. More discussion is needed to clarify the definition of PUSCH repetition type A. 
1) Rel-15
Tracking back to Rel-15, NR only specified slot-based repetition for PUSCH only. There was no PUSCH repetition type B, so there was no definition of repetition type A, either. The Rel-15 TS 38.213 captures frequency hopping for PUSCH (with and without repetition) as follows [4].
	[bookmark: _Toc11352165][bookmark: _Toc20318055][bookmark: _Toc27299953][bookmark: _Toc36117463][bookmark: _Toc44515955][bookmark: _Toc83291060]6.3	UE PUSCH frequency hopping procedure
A UE is configured for frequency hopping of scheduled or configured PUSCH transmission by the higher layer parameter frequencyHopping provided respectively in pusch-Config or in configuredGrantConfig. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.


Correspondingly, the Rel-15 TS 38.331 defined the RRC parameter frequencyHopping as follows [6].
	frequencyHopping
The value intraSlot enables 'Intra-slot frequency hopping' and the value interSlot enables 'Inter-slot frequency hopping'. If the field is absent, frequency hopping is not configured (see TS 38.214 [19], clause 6.3).



2) Rel-16
In Rel-16, back-to-back repetition of PUSCH, i.e. PUSCH repetition type B, was introduced. For distinguishing, the legacy slot-based repetition behaviour is categorized as repetition type A. Since different frequency hopping methods are defined for different repetition types, Clause 6.3 of Rel-16 TS 38.214 is divided into Clause 6.3.1 and Clause 6.3.2 for PUSCH repetition type A and PUSCH repetition type B, respectively [5]. 
	[bookmark: _Toc29673229][bookmark: _Toc29673370][bookmark: _Toc29674363][bookmark: _Toc36645593][bookmark: _Toc45810642][bookmark: _Toc75165385]6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.

	[bookmark: _Toc29673230][bookmark: _Toc29673371][bookmark: _Toc29674364][bookmark: _Toc36645594][bookmark: _Toc45810643][bookmark: _Toc75165386]6.3.2	Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHoppingDCI-0-1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHoppingPUSCH-RepTypeB provided in rrc-ConfiguredUplinkGrant for Type 1 configured PUSCH transmission. The frequency hopping mode for Type 2 configured PUSCH transmission follows the configuration of the activating DCI format. One of two frequency hopping modes can be configured:
-	Inter-repetition frequency hopping
-	Inter-slot frequency hopping


Correspondingly, the Rel-16 TS 38.331 defined the RRC parameter frequencyHopping as follows [7], with the updated part marked with cyan. 
	frequencyHopping
The value intraSlot enables 'Intra-slot frequency hopping' and the value interSlot enables 'Inter-slot frequency hopping'. If the field is absent, frequency hopping is not configured for 'pusch-RepTypeA' (see TS 38.214 [19], clause 6.3). The field frequencyHopping applies to DCI format 0_0 and 0_1 for 'pusch-RepTypeA'.


3) Rel-17
Coming back to the TP for Rel-17, the central issue is whether single PUSCH in one slot can be regarded as PUSCH repetition type A or not. On one hand, the PUSCH scheduled by DCI format 0_0 can only be single PUSCH in one slot, regardless whether pusch-AggregationFactor or numberOfRepetitions is configured or not. It is a little strange to say that PUSCH ‘repetition’ type A can be scheduled by DCI format 0_0. On the other hand, the whole mechanism is not broken if we treat single PUSCH transmission in one slot as a special case of PUSCH repetition type A with K=1. This may also be the implicit intention of Rel-16 update, since Clause 6.3.1 in Rel-16 succeeds most content of Clause 6.3 in Rel-15.
Hence, two possible ways can be considered to move forward.
· Alt 1: RAN1 clarifies that single PUSCH in one slot scheduled by DCI format 0_0 is categorized as PUSCH repetition type A (with K=1).
· Alt 2: RAN1 clarifies that single PUSCH in one slot scheduled by DCI format 0_0 is NOT regarded as PUSCH repetition type A (nor PUSCH repetition type B).
Comparing these two alternatives, Alt 2 may lead to additional work to other WGs (e.g. asking RAN2 to modify Rel-16/17 TS 38.331 on the explanation of frequencyHopping), while Alt 1 can make the situation simpler. As we are approaching the end of Rel-17, we slightly prefer to go with Alt 1. Subsequently, the above TP for Rel-17 TS 38.214 can be adopted. 
Proposal 1: Clarify that single PUSCH in one slot scheduled by DCI format 0_0 is categorized as PUSCH repetition type A (with K=1), and adopt the following TP for Rel-17 TS 38.214.
	6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
For PUSCH repetition Type A scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI, DCI format 0_1 or 0_2 and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.



Availability of the (first) slot when K=1
During RAN1#107bis-e, the following questions were discussed, but did not reach consensus at last [3]. 
	· For DG-PUSCH, when AvailableSlotCounting is enables, and for K=1, select on from the following
· Option 1: A UE does not assume that PUSCH symbols overlap with DL symbol or SSB symbol in the slot indicated by K2 offset is the slot which is not counted in K available slot(s).
· Option 2: A UE assumes that PUSCH symbols can overlap with DL symbol or SSB symbol in the slot indicated by K2 offset.
· [bookmark: _Hlk94010133]Option 2-1: When overlapping, the UE drops the PUSCH transmission in the slot indicated by K2 offset and does not perform the PUSCH transmission in later slots, either.
· Option 2-2: When overlapping, the UE does not perform the PUSCH transmission in the slot indicated by K2 offset and performs the PUSCH transmission in the next available slot subject to PUSCH dropping rules.
· For DG-PUSCH, when AvailableSlotCounting is enables, and for K>1, select on from the following
· Option 1: A UE does not assume that the slot indicated by K2 offset is the slot which is not counted in K available slot(s).
· Option 2: A UE assumes that the slot indicated by K2 offset can be the slot which is not counted in K available slot(s).
· For CG-PUSCH, when AvailableSlotCounting is enables, and for K=1, select on from the following
· Option 1: A UE does not assume that PUSCH symbols overlap with DL symbol or SSB symbol in the slot determined in 38.321 Section 5.8.2.
· Option 2: A UE assumes that PUSCH symbols can overlap with DL symbol or SSB symbol in the slot determined in 38.321 Section 5.8.2.
· Option 2-1: When overlapping, the UE drops the PUSCH transmission in the slot determined in 38.321 Section 5.8.2 and does not perform the PUSCH transmission in later slots, either.
· Option 2-2: When overlapping, the UE does not perform the PUSCH transmission in the slot determined in 38.321 Section 5.8.2 and performs the PUSCH transmission in the next available slot subject to PUSCH dropping rules.
· For CG-PUSCH, when AvailableSlotCounting is enables, and for K>1, select on from the following
· Option 1: A UE does not assume that the slot determined in 38.321 Section 5.8.2 is the slot which is not counted in K available slot(s).
· Option 2: A UE assumes that the slot determined in 38.321 Section 5.8.2 can be the slot which is not counted in K available slot(s).


The answers to these questions will result in different handlings on available slot counting with K=1 PUSCH repetition. Tracking back to physical slot counting procedure in Rel-16, we can see that:
· When K=1, there is no special handling rule for the case when the indicated slot corresponding to K2 is a DL slot. Thus, the slot corresponding to K2 should be a usable/available slot (or namely a slot does not overlap with SSB or DL in TDD). Otherwise the scheduling is useless, and the UE behavior is unpredictable. 
· When K>1, there is explicit dropping/omission rule for this case [5]:
	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].


Additionally, the 1st slot corresponding to K2 seems not necessarily to be a usable/available slot, since the dropping/omission rule is not limited to the 2nd, 3rd… slot. So ‘overlapping with SSB or DL’ may happen to the 1st slot. 
Further looking into the latest Rel-17 TS 38.214 CR [8], indeed, we can find that the ‘determination of available slot’ does not differentiate K=1 or K>1:
	6.1.2.1	 Resource allocation in time domain
…
For unpaired spectrum:
-	When AvailableSlotCounting is enabled, 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.
…
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, irrespective of whether AvailableSlotCounting is enabled or not.


However, for ‘transmission/repeat in available slot’, there is a restriction of K>1:
	6.1.2.1	 Resource allocation in time domain
…
For PUSCH repetition Type A, in case K>1:
-	If the PUSCH is scheduled by DCI format 0_1 or 0_2
-	if AvailableSlotCounting is enabled, the same symbol allocation is applied across the  slots determined for the PUSCH transmission and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the  slots determined for the PUSCH transmission, applying the same symbol allocation in each slot. 
…
6.1.2.3.1 Transport Block repetition for uplink transmissions of PUSCH repetition Type A with a configured grant
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.
…


Based on the current CR, we think the above available slot transmission procedure does not apply to K=1 case, but can only be used to K>1 case. Note that this is aligned with the application range of Rel-16 omission rule. When K=1, the use of K2 and the availability of indicate slot should follow the legacy way in Rel-16. This implicitly forces the slot corresponding to K2 must be a usable/available slot in K=1 case (from view of physical slot counting, i.e. cannot overlap with SSB or DL), even if availableSlotCounting is enabled. 
Technically, it is also workable to allow the case of K=1 for ‘transmission/repeat in available slot’. But considering the end of Rel-17 lay ahead, we think the current CR on Rel-17 TS 38.214 is enough. There is no strong need to pursue optimization for this case. 
We have the following proposal.
Proposal 2: There is no strong need to update the Rel-17 TS 38.214 to allow K=1 for ‘transmission/repeat in available slot’.

Conclusion
In this contribution, we provide our view on several remaining issues on PUSCH repetition type A enhancement. The proposals are summarized as follows:
Proposal 1: Clarify that single PUSCH in one slot scheduled by DCI format 0_0 is categorized as PUSCH repetition type A (with K=1), and adopt the following TP for Rel-17 TS 38.214.
	6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
For PUSCH repetition Type A scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI, DCI format 0_1 or 0_2 and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in onfiguredGrantConfig for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.


Proposal 2: There is no strong need to update the Rel-17 TS 38.214 to allow K=1 for ‘transmission/repeat in available slot’.
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