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Background
In RAN#106-e, enhancements on PUSCH repetition type A for coverage enhancement were discussed and the following agreements were made [1]. 
	Agreement:
· For Rel-17 PUSCH repetition Type A without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced. 

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
· 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
· 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.

Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32


This contribution presents our views on enhancements on PUSCH repetition type A.
Discussions
1.1. Increasing the maximum number of repetitions
DCI formats and RRC parameters supporting up to 32 repetitions
In RAN1#105-e, whether repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig supports the increased maximum number of repetitions or not was discussed. In RAN1#106-e, it was also discussed which DCI formats support up to 32 repetitions. In Rel-16, the maximum repetition factor was extended from 8 to 16, but the maximum repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig was kept to be 8 as in Rel-15. Rel-17 can take the same way as Rel-16. In addition, both Type 1 and Type 2 configured grant PUSCH transmissions support the repetition factor configured via TDRA list. Therefore, no change on the repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig is necessary. In other words, there is no need to introduce Rel-17 pusch-AggregationFactor or Rel-17 repK.
Regarding PUSCH scheduled by DCI format 0_0, fallback operation is a special case and it does not require the same level of latency as for normal eMBB operations. HARQ retransmission can be used to achieve sufficient coverage during the fallback operation. Therefore, in our view there is no need to support up to 32 repetitions for PUSCH scheduled by DCI format 0_0.
As for Type 1 CG-PUSCH, the TDRA table for DCI format 0_0 is used for Type 1 CG-PUSCH in Rel-16, and therefore Type 1 CG-PUSCH does not support 16 repetitions which was introduced in Rel-16 URLLC. However, the purpose to have more repetitions in Rel-17 CovEnh is totally different from Rel-16 URLLC. Coverage enhancement should be more fundamental feature and to be implemented wider range of UE types, compared to ultra reliability. Therefore, Type 1 CG-PUSCH should support up to 32 repetitions. The remaining issue to support it is which TDRA table is referred to. In our view, the TDRA list for DCI format 0_1 can be used. 
	　
	Support of up to 32 repetitions

	
	by Rel-17 pusch-AggregationFactor
	by Rel-17 repK
	by Rel-17 numberOfRepetitions

	DG-PUSCH scheduled by DCI format 0_0
	No
	N/A
	No

	DG-PUSCH scheduled by DCI format 0_1
	No
	N/A
	Yes (already agreed)

	DG-PUSCH scheduled by DCI format 0_2
	No
	N/A
	Yes (already agreed)

	[bookmark: _Hlk80940963]Type 2 CG-PUSCH activated by DCI format 0_0
	N/A
	No
	No

	Type 2 CG-PUSCH activated by DCI format 0_1
	N/A
	No
	Yes (already agreed)

	Type 2 CG-PUSCH activated by DCI format 0_2
	N/A
	No
	Yes (already agreed)

	Type 1 CG-PUSCH
	N/A
	No
	Yes



Proposal 1:
· No change on the repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig is necessary.

Proposal 2:
· DG-PUSCH scheduled by DCI format 0_0 does not support the increased maximum number of repetitions.
· Type 2 CG-PUSCH activated by DCI format 0_0 does not support the increased maximum number of repetitions.
Proposal 3:
· Type 1 CG-PUSCH supports the increased maximum number of repetitions with repetition factors configured in a TDRA list with a row index indicated by the configured grant configuration.
· The TDRA list for DCI format 0_1 is used.

1.2.  The number of repetitions counted on the basis of available resources for UL transmissions
The 1st Transmission occasion for CG-PUSCH repetitions
In Rel-15/16, the timing of the 1st transmission occasion of DG-PUSCH is derived from K2 value, and the corresponding behavior is defined in RAN1 specification. On the other hand, the timing of the 1st transmission occasion for Type 1 / Type 2 CG-PUSCH is defined as the timing of uplink grant generation in RAN2 specification, as shown below.
	TS38.321 v16.5.0
[bookmark: _Toc29239852][bookmark: _Toc37296211][bookmark: _Toc46490338][bookmark: _Toc52752033][bookmark: _Toc52796495][bookmark: _Toc76574178]5.8.2	Uplink
[Omitted]
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the Nth (N >= 0) uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.



It is not completely clear if the common understanding is that all the transmission occasions for CG-PUSCH repetitions including the 1st transmission occasion are determined on the basis of available slots. Therefore, it is proposed confirming that the 1st transmission occasion is determined on the basis of available slots.
Proposal 4:
· The 1st transmission occasion for CG-PUSCH repetitions is determined on the basis of available slots.
· The timing of the 1st transmission occasion is defined in RAN2 specification.

Another thing that we suggest confirming is about the restrictions on the 1st transmission for CG-PUSCH. In Rel-15/16, the following restrictions are specified so that the gNB can choose a good balance between the complexity for the blind detections of the presence of CG-PUSCH and the latency of CG PUSCH transmissions. These restrictions should also work with the counting based on the available slots. Therefore, it is proposed that the same restrictions on the initial transmission of a transport block as in Rel-16 should be applied assuming the K repetitions are determined on the basis of available slots.
	Clause 6.1.2.3.1 of TS38.214 
If a configured grant configuration is configured with startingFromRV0 set to 'off', the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions. Otherwise, the initial transmission of a transport block may start at 
-	the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
-	any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
-	any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K≥8. 



Proposal 5:
· For CG-PUSCH with the counting based on available slots, the same restrictions on the initial transmission of a transport block as in Rel-16 is applied assuming the K repetitions are determined on the basis of the available slots.

Limitation of overall duration of CG-PUSCH repetitions
In RAN1#106-e, it was agreed that, 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. On the other hand, the following FL proposal related to the limitation for CG-PUSCH is still under discussion.
	For the CG-PUSCH with counting based on the available slots, select one of the following alternatives in RAN1#106bis-e:
· Alt 1
· The repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first.
· [bookmark: _Hlk83210292]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.
· Alt 2 
· The repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first.
· The UE is not expected to be configured with K larger than P/12 for 60kHz with ECP or P/14 otherwise.
· FFS: The UE is not expected to be configured with K larger than the number of available slots within the period P.
· FFS: whether/how to capture it in RAN1 spec.
· Note: For overriding by DG-PUSCH with the same HARQ process, if any update is made for Rel-16, it also applies to above alternatives.



The potential problem for Alt 1 is that some combinations of period P and repetition factor K are not allowed, and such restriction would cause even less utilization of UL resources with CG-PUSCH repetitions than Rel-15/16 counting. The following figure shows an example. The assumed TDD configuration is DDDSUDDSUU, which is one of typical DL-heavy configurations. It is also assumed CG period is set to 5-slot length. With legacy counting method, the gNB is allowed to configure with K=5, as it does not exceed CG period. 2 actual repetitions can be transmitted within the CG period if there is 2 UL slot in a given CG period, though some CG periods have only 1 UL slot in which case the number of actual repetitions is 1. On the other hand, with counting based on available slots, repetition factor greater than 1 makes the overall repetition duration exceed 5-slot length in some CG period. Therefore, Alt 1 does not allow K value greater than 1 in this case, and such restriction prohibits more than one repetitions in any CG period including the ones having 2 UL slots. If the gNB wants to fully utilize UL resources, the gNB has to use the legacy counting method.
[image: ]
Figure 1: Restriction to the value combinations of period P and repetition factor K.
Based on the above analysis, it is suggested taking the direction of Alt 2. On the other hand, there is a missing condition in the current Alt 2. The conditions captured by the current Alt 2 are shown in Table 1 below. With only the conditions currently captured in Alt 2, there may be the case where the number of actual repetitions does not exceed K (because of CG-PUSCH dropping), and the overall duration does not exceed the period P (because of long CG period), but the number of transmission occasions exceed K. However, that results in the available slots are determined after PUSCH dropping is performed, which is not in line with the previous agreement. Therefore, Alt 2 should be modified so that the number of transmission occasions does not exceed K.
Table 1: Conditions for termination in Alt 2.
	Conditions for termination in Alt 2
	Purposes

	“after transmitting K repetitions”
	Not exceeding K actual repetitions

	“at the last transmission occasion within the period P”
	Not exceeding period P

	“from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2”
	Avoid duplication with DG-PUSCH processing

	To be added
	Not exceeding K transmission occasions



Proposal 6:
· The gNB is allowed to configure with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.
· The repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion within the period P, or at the last transmission occasion among the K repetitions, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first.
This issue exists only for CG-PUSCH with available slot counting. For DG-PUSCH, the available slot counting does not cause any problem. If the above relaxation for CG-PUSCH is not agreed, we should consider decoupling of configuration to enable/disable available slot counting for CG-PUSCH from the one for DC-PUSCH so that the gNB can configured the available slot counting and the legacy counting for DG-PUSCH and CG-PUSCH, respectively.

Semi-static configurations to be used for the determination of available slots
According to the agreements in RAN1#104-e and RAN1#105-e, it has been agreed that at least tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are used for the determination of available slots in unpaired spectrum.
In addition to them, the following RRC configurations have been raised for the other candidate RRC configurations used for determination of available slots.
· CORESET0 with Type0-PDCCH CSS set	
· Invalid UL symbols for DL-to-UL switching purpose
· Semi-static PUCCH with repetitions
· SSB based measurement by SMTC
· DL-to-UL switching for half duplex FDD redcap UE
· All the RRC configurations that impact on the PUSCH repetitions

For the reference, Rel-16 procedure on PUSCH repetitions is described.
Table 1: Handling of the RRC configurations which causes collisions with PUSCH repetition Type A
	RRC configurations causing collisions
	Re-16
	Rel-17

	tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated (for unpaired spectrum)
	Handled by the PUSCH dropping rules
	Handled by the available slot determinations

	ssb-PositionsInBurst (for unpaired spectrum)
	Handled by the PUSCH dropping rules
	Handled by the available slot determinations

	CORESET0 with Type0-PDCCH CSS set (for unpaired spectrum)
	Avoided by gNB scheduler 
	TBD

	[bookmark: _Hlk75264669]DL-to-UL switching gap (for unpaired spectrum)
	Avoided by gNB scheduler
	TBD

	Semi-static PUCCH with repetitions
	Handled by the PUSCH dropping rules
	TBD

	SSB based measurement by SMTC
	Handled by MAC when configured with a measurement gap
	TBD

	High priority CG-PUSCH or SR
	Handled by the PUSCH dropping rules
	TBD



In Rel-16, CORESET0 with Type0-PDCCH CSS set (for unpaired spectrum) was considered to determine time domain resource allocation for PUSCH repetition Type B. However, any clear behaviour has not been specified for the case PUSCH repetition Type A overlaps with CORESET0 with Type0-PDCCH CSS set. The same applies to Rel-15 PUSCH repetitions. This means that the UE does not need to handle such a collision, because the gNB scheduler avoids it. Figure 2 show an example of semi-static TDD operation. By setting the CORESET0 symbols to downlink by cell-specific or semi-static TDD configuration the gNB easily guarantees that the CORESET0 does not collide with PUSCH repetitions. Figure 3 shows an example of dynamic TDD operation. Since CORESET0 is normally located at the beginning part of a slot, DG-PUSCH symbol can be allocated by TDRA not to overlap with the CORESET0 symbols. The gNB can have a choice to set the K2 value such that DG-PUSCH transmissions do not happen in the slot where Type-0 CSS is configured. As for CG-PUSCH, the existing rules can cope with the collisions. More specifically, CG-PUSCH on semi-static flexible symbols is not transmitted unless dynamic SFI indicates the symbols as uplink, where the dynamic SFI is not allowed to indicate the Type0 CSS symbols as uplink. The consequence is that CG-PUSCH on Type0 CSS symbols is dropped by the Rel-15/16 PUSCH dropping rules. This principle can apply to Rel-17 PUSCH repetition Type A as well.
[image: ]
Figure 2: Collision with CORESET0 in semi-static TDD operation
[image: ]
Figure 3: Collision with CORESET0 in dynamic TDD operation

Similar to CORESET0 with Type0-PDCCH CSS set, DL-to-UL switching gap was handled by Rel-16 PUSCH repetition Type B but no special handling was specified for Rel-16 PUSCH repetition Type A. This means that the UE does not need to handle overlapping of PUSCH repetition Type A and DL-to-UL switching gap, because the gNB scheduler does not schedule such PUSCH transmissions. In fact, this handling is quite easy for semi-static TDD operation as shown in Figure 4. The gNB can allocate whole symbols of a slot for the PUSCH transmission. For DG-PUSCH, PUSCH resource allocation on DL symbols is not allowed. As for CG-PUSCH, PUSCH with the slot length makes a special slot determined as unavailable, since the PUSCH symbols in the special slot overlaps with DL portion. For dynamic TDD operation shown in Figure 5, For DG-PUSCH scheduling, TDRA based handling is not as easy as the handling of collisions with CORESET0, because the DL-to-UL switching gap is normally located slightly behind the center of a slot. However, slot shifting by the K2 value still works such that DG-PUSCH transmissions do not happen during the switching gap. As for CG-PUSCH, CG-PUSCH on semi-static flexible symbols is not transmitted unless dynamic SFI indicates the symbols as uplink, where the dynamic SFI would never indicate the switching gap as uplink. The consequence is that CG-PUSCH on a switching gap is dropped by the Rel-15/16 PUSCH dropping rules. This principle can apply to Rel-17 PUSCH repetition Type A as well.
[image: ]
Figure 4: Collision with DL-to-UL switching gap in semi-static TDD operation
[image: ]
Figure 5: Collision with DL-to-UL switching gap in dynamic TDD operation

In Rel-15/16, when PUSCH repetitions collide with Semi-static PUCCH with repetitions, the PUSCH repetitions are dropped in the slots where the collision occurs. This procedure is defined as a part of PUSCH dropping rules. As the resources of semi-static PUCCH are known by the UE prior to the start of PUSCH repetitions, there is no harm for the UE to consider it for the determination of available slots. Besides, it makes the number of actual repetitions closer to the indicated/configured repetition factor. At the same time, even if this collision is handled by PUSCH dropping as in Rel-15/16, the gNB can still easily predict how many repetitions would be dropped. With such a prediction, the gNB may be able to configure an appropriate repetition factor so that the negative impact from the dropping can be minimized. Therefore, the use of semi-static PUSCH with repetitions for the available slot determinations is not essential.
For SSB based measurement by SMTC, in Rel-15 normally a measurement gap is configured to cover the measured SSB, when necessary. In Rel-16 TEI, NeedForGap capability for NR measurement was introduced so that unnecessary measurement gap configurations can be avoided. However, even if the UE indicated no gap is necessary, the gNB can still configure a measurement gap to the UE, when necessary. Once the measurement gap is configured to the UE, the MAC layer does not instruct PHY layer to transmit any PUSCH during the gap. Therefore, in our view, RAN1 does not have to discuss the handling of PUSCH transmissions during SSB based measurement by SMTC.
For collisions of CG-PUSCH repetition and higher priority CG-PUSCH or higher priority SR, even though the resources of higher priority CG-PUSCH or higher priority SR are configured in advance, the gNB are not aware of when they are actually transmitted by the UE (e.g., the UE may skip the transmission when a MAC PDU has not been obtained from multiplexing/assembly entity). Hence, although the resources are configured by RRC signaling, higher priority CG-PUSCH and higher priority SR should not affect the determination of available slots. Otherwise, it may cause different understanding of available slots between the gNB and the UE, similar to the case shown in Figure 1.

Proposal 7:
· No other RRC configuration is used for the determination of available slots.
· As in Rel-16, the following collisions of PUSCH repetition Type A are avoided by the gNB scheduler:
· Collisions with CORESET0 with Type0-PDCCH CSS set (for paired spectrum)
· Collisions with DL-to-UL switching gap (for paired spectrum)
· As in Rel-16, the following collisions of PUSCH repetition Type A are handled by the PUSCH dropping rules:
· Collisions with Semi-static PUCCH with repetitions
· Collisions with High priority CG-PUSCH or SR
· As in Rel-16, the following collisions of PUSCH repetition Type A are handled by the MAC layer:
· Collisions with measurement gaps (including SSB based measurement by SMTC)

Applicability to paired spectrum
In RAN1#105-e, the following aspect was raised at the last round of the discussions and this aspect was discussed during RAN1#106-e.
· For PUSCH Type A repetitions, counting based on available slots is only applicable to unpaired spectrum.
As described in the above proposal, our view is that no use of other semi-static configurations than tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst is necessary for the determination of available slots. As all of tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are applicable only to unpaired band, the counting based on available slots does not need to be applicable to paired spectrum. At the same time, there is no harm to apply available slot based counting to paired spectrum, because all the slot in paired spectrum can be considered as available slots.
In RAN1#106-e, the following agreement was made in AI 8.8.1.2. Currently, only available slot based counting is agreed for TBoMS. Since the use of TBoMS should not be limited to unpaired spectrum, the following agreement should be applicable to paired spectrum as well. 
	Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1



Considering the above, applying the counting based on available slots to both paired and unpaired spectrum would simplify the specification descriptions. 
Proposal 8:
· [bookmark: _Hlk75272839]For PUSCH Type A repetitions, counting based on available slots is applicable to both unpaired spectrum and paired spectrum.

1.3. RRC parameters list
During the email discussion [Post-106-e-Rel17-RRC-08], it was actively discussed whether the following parameters are necessary for PUSCH repetition Type A.
	RAN2 Parent IE
	Parameter name in the spec
	Description
	Value range

	[PUSCH-TimeDomainResourceAllocationList]
	numberOfRepetitions-17
	Support the increased maximum number of repetitions
	1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32

	[PUSCH-Config]
	pusch-TimeDomainAllocationListDCI-0-1-r17
	Configuration for TDRA list for DCI format 0_1 to support up to 32 repetitions, defined in the same way as for pusch-TimeDomainAllocationListDCI-0-1-r16
	SetupRelease { PUSCH-TimeDomainResourceAllocationList-r17 }

	[PUSCH-Config]
	pusch-TimeDomainAllocationListDCI-0-2-r17
	Configuration for TDRA list for DCI format 0_2 to support up to 32 repetitions, defined in the same way as for pusch-TimeDomainAllocationListDCI-0-2-r16
	SetupRelease { PUSCH-TimeDomainResourceAllocationList-r17 }

	[pusch-TimeDomainAllocationListDCI-0-1-r17 and pusch-TimeDomainAllocationListDCI-0-2-r17]
	[PUSCH-TimeDomainResourceAllocationList-r17]
	Configuration for TDRA listto support up to 32 repetitions, defined in the same way as for pusch-TimeDomainResourceAllocationList-r16
	SEQUENCE (SIZE(1..maxNrofUL-Allocations-r17)) OF PUSCH-TimeDomainResourceAllocation-r17

	　
	[maxNrofUL-Allocations-r17]
	Maximum number of PUSCH time domain resource allocations
	64

	[PUSCH-TimeDomainResourceAllocationList]
	[PUSCH-TimeDomainResourceAllocation-r17]
	Configuration for TDRA list entries to support up to 32 repetitions [, defined in the same way as for PUSCH-TimeDomainResourceAllocation-r16]
	SEQUENCE {k2, startSymbolAndLength-r17, numberOfRepetitions-r17, ...}
[SEQUENCE {
PUSCH-Allocation-r17
…
}]

	[PUSCH-TimeDomainResourceAllocation-r17]
	[PUSCH-Allocation-r17]
	Configuration for TDRA of each TDRA list entry to include numberOfRepetitions-17, defined in the same way as for PUSCH-Allocation-r16
	SEQUENCE {
startSymbolAndLength-r17
numberOfRepetitions-r17
…
}

	[PUSCH-Config]
	[bookmark: _Hlk83215835]RepetitionCountingType-R17
[AvailableSlotCounting]
	Enabling PUSCH repetitions counted on the basis of available slots
	ENUMERATED {enabled, disable }



One major discussion point is whether PUSCH-TimeDomainResourceAllocation-r16 is reused for up to 32 repetitions or not. Rel-16 RRC parameter PUSCH-TimeDomainResourceAllocation-r16 includes not only 16-repetition function but also multiple PUSCH scheduling function for NR-U. There are two possible directions. Considering that NR-U multiple PUSCH scheduling does not need to be supported with CovEnh functions, creating a new structure would be the simpler and cleaner option.
· Alt 1: Reuse PUSCH-TimeDomainResourceAllocation-r16 structure with adding numberOfRepetitions-r17 to PUSCH-Allocation-r16
· Alt 2: Create a new structure by inserting numberOfRepetitions-r17 to Rel-15 PUSCH-TimeDomainResourceAllocation structure
	[bookmark: _Hlk83215103][bookmark: _Hlk83215078]PUSCH-TimeDomainResourceAllocation-r16 ::=　SEQUENCE {
　　k2-r16　　　　　　　　　　　INTEGER(0..32)　　　　　　　 OPTIONAL,　 -- Need S
　　puschAllocationList-r16　　 SEQUENCE (SIZE(1..maxNrofMultiplePUSCHs-r16)) OF PUSCH-Allocation-r16,
　　　　...
}

PUSCH-Allocation-r16 ::=　SEQUENCE {
　　mappingType-r16　　　　　　 ENUMERATED {typeA, typeB}　　　　　　　　　　 OPTIONAL,　 -- Cond NotFormat01-02-Or-TypeA
　　startSymbolAndLength-r16　　INTEGER (0..127)　　　　　　 OPTIONAL,　 -- Cond NotFormat01-02-Or-TypeA
　　startSymbol-r16　　　　　　 INTEGER (0..13)　　　　　　　OPTIONAL,　 -- Cond RepTypeB
　　length-r16　　　　　　　　　INTEGER (1..14)　　　　　　　OPTIONAL,　 -- Cond RepTypeB
　　numberOfRepetitions-r16　　 ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16} OPTIONAL,　 -- Cond Format01-02
　　...
}


Figure 2: Rel-16 PUSCH-TimeDomainResourceAllocation-r16 structure
	PUSCH-TimeDomainResourceAllocation ::=　SEQUENCE {
　　k2　　　　　　　　　　　　　INTEGER(0..32)　　　　　　　 OPTIONAL,　 -- Need S
　　mappingType　　　　　　　　 ENUMERATED {typeA, typeB},
　　startSymbolAndLength　　　　INTEGER (0..127)
}


Figure 3: Rel-15 PUSCH-TimeDomainResourceAllocation structure
If we go with Alt 2, the following changes on the RRA parameter list should be applied.
· Remove the bracket from “[PUSCH-TimeDomainResourceAllocationList-r17]”.
· Remove the bracket from “[PUSCH-TimeDomainResourceAllocation-r17]”.
· Remove the parameter “[PUSCH-Allocation-r17]”.

Proposal 9:
· In order to support up to 32 repetitions, create a new structure by inserting numberOfRepetitions-r17 to Rel-15 PUSCH-TimeDomainResourceAllocation structure, instead of reusing PUSCH-TimeDomainResourceAllocation-r16 structure.
As for the counting based on available slots, two different RRC parameters should be considered, one is for DG-PUSCH and the other is for CG-PUSCH, since complexities of the UE implementation and requirements for the gNB scheduler are quite different between DC-PUSCH and CG-PUSCH.
Proposal 10:
· Two different RRC paramters, AvailableSlotCounting for DG-PUSCH and AvailableSlotCounting for CG-PUSCH, should be introduced.


Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1:
· No change on the repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig is necessary.

Proposal 2:
· DG-PUSCH scheduled by DCI format 0_0 does not support the increased maximum number of repetitions.
· Type 2 CG-PUSCH activated by DCI format 0_0 does not support the increased maximum number of repetitions.
Proposal 3:
· Type 1 CG-PUSCH supports the increased maximum number of repetitions with repetition factors configured in a TDRA list with a row index indicated by the configured grant configuration.
· The TDRA list for DCI format 0_1 is used.
Proposal 4:
· The 1st transmission occasion for CG-PUSCH repetitions is determined on the basis of available slots.
· The timing of the 1st transmission occasion is defined in RAN2 specification.
Proposal 5:
· For CG-PUSCH with the counting based on available slots, the same restrictions on the initial transmission of a transport block as in Rel-16 is applied assuming the K repetitions are determined on the basis of the available slots.
Proposal 6:
· The gNB is allowed to configure with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.
· The repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion within the period P, or at the last transmission occasion among the K repetitions, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first.
Proposal 7:
· No other RRC configuration is used for the determination of available slots.
· As in Rel-16, the following collisions of PUSCH repetition Type A are avoided by the gNB scheduler:
· Collisions with CORESET0 with Type0-PDCCH CSS set (for paired spectrum)
· Collisions with DL-to-UL switching gap (for paired spectrum)
· As in Rel-16, the following collisions of PUSCH repetition Type A are handled by the PUSCH dropping rules:
· Collisions with Semi-static PUCCH with repetitions
· Collisions with High priority CG-PUSCH or SR
· As in Rel-16, the following collisions of PUSCH repetition Type A are handled by the MAC layer:
· Collisions with measurement gaps (including SSB based measurement by SMTC)
Proposal 8:
· For PUSCH Type A repetitions, counting based on available slots is applicable to both unpaired spectrum and paired spectrum.
Proposal 9:
· In order to support up to 32 repetitions, create a new structure by inserting numberOfRepetitions-r17 to Rel-15 PUSCH-TimeDomainResourceAllocation structure, instead of reusing PUSCH-TimeDomainResourceAllocation-r16 structure.
Proposal 10:
· Two different RRC paramters, AvailableSlotCounting for DG-PUSCH and AvailableSlotCounting for CG-PUSCH, should be introduced.
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

DG-PUSCH cannot be scheduled on DL symbols.



CG-PUSCH is not transmitted on DL symbols even if configured.

Semi-static TDD operation


