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1	Introduction
In RAN#91-e, revised work item for NR coverage enhancements in Rel-17 has been approved with following objectives for in RP-210855 [1]:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be 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 [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· 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 [RAN1, 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 [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

In this contribution, we provide our views on following enhancements needed for PUSCH repetition type A for improved coverage:
· Determination of available slots
· Postponement mechanism 
· Maximum number of repetitions
· PUSCH repetition mode configuration/indication


2	Determination of available slots
In RAN1#105-e [2], following agreements have been made related to the counting of available slots:
Agreement:
· Each available slot identified by the UE is considered as a transmission occasion for PUSCH repetition.
· RV is cycled across transmission occasions, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.
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 channel) in addition to TDRA in the DCI scheduling the 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 signalling
· 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.

In our view, to ensure that the required number of repetitions are transmitted, the most accurate counting of available slots is necessary. From this perspective, the availability of a slot should be determined based on dynamic signalling such as dynamic SFI, UL CI, DCI for high priority channel, etc., in addition to RRC configuration. However, the counting of available slots should be done before the start of the transmission. Therefore, any dynamic signalling received before the start of transmission is considered for counting of available slots. Once the transmission has started and if any dynamic DCI such as UL CI is received, then PUSCH dropping can be applied according to Rel-15/16 dropping rules, but the dropped PUSCH repetitions are still counted.

Proposal 1: For PUSCH type A repetition coverage enhancements in NR Rel-17, support the determination of available slots for PUSCH repetition based on following configuration/indication in addition to TDRA in the scheduling DCI, CG configuration or activation DCI:
· RRC configuration
· dynamic signalling (such as DI, UL CI) received before the start of first transmission
· If any dynamic signalling is received after the start of first transmission, then the PUSCH can be dropped according to Rel-15/16 dropping rules, but the repetition is still counted.


3	Postponement mechanism
For the postponement mechanism, one possibility is to limit the repetitions within a maximum repetition duration such that the UE is not allowed to go beyond the span duration even if the indicated number of repetitions are not transmitted. This would guarantee at least the maximum duration beyond which no repetitions are transmitted. In fact, if both the mechanisms being considered are applied together that is the UE is configured with number of repetitions (consecutive slots) and number of actual repetitions (available UL slots), then the number of repetitions can be implied maximum repetition span duration. For example, when number of repetitions (consecutive slots) is indicated to be 32 and number of actual repetitions is indicated to be 16, and if the UE is able to transmit 16 repetitions in 24 consecutive slots, then the transmission stops after 24th consecutive slots and doesn't continue till the end of 32nd consecutive slots. On the other hand, if the actual number of repetitions transmitted in 32 consecutive slots is less than 16, then UE will stop the repetitions at the end of 32nd slot and will not continue. 
Proposal 2: For PUSCH type A repetition coverage enhancements in NR Rel-17, controlled postponement can be supported, where the indication of a repetition span duration is specified and beyond the duration of repetition span, no further UL repetitions are allowed.
· In case both the mechanisms of indicating number of repetitions and actual number of repetitions (available UL slots) are simultaneously supported, then the number of repetitions can be used as a repetition span to transmit the actual number of repetitions

4	Maximum number of repetitions
In RAN1#105-e [2], following agreements related to additional number of repetitions, maximum number of repetitions and indication of maximum number of repetitions have been made:
Agreement:
· Down-selection in RAN1#106-e:
· Alt 1: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method,
· Alt 2: The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is: 32 for the counting based on physical slots; and 16 (i.e. no change from Rel-16) for the counting based on available slots.

[bookmark: _Hlk72955455]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}

According to the WI objective, basically two methods have agreed to improve the PUSCH coverage. One is increasing the maximum number of repetitions to greater than 16 and the second method is to introduce the counting of repetitions based on available slots. Based on the agreement in the last meeting, if Alt 1 is supported, then it basically implies that the two method can be used together for PUSCH coverage enhancement. However, when repetitions are counted based on available slots and maximum repetition number such as 32 is indicated, this could lead to the issue of quite long overall duration of the transmission which is undesirable from latency point of view. Therefore, in our view, there is no need to consider increased number of repetitions, when the counting is done based on available slots. Therefore, we prefer Alt 2 to be specified.
Proposal 3: For PUSCH type A repetition coverage enhancements in NR Rel-17, the maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is: 32 for the counting based on physical slots; and 16 (i.e., no change from Rel-16) for the counting based on available slots.

5	PUSCH repetition mode configuration/indication
[bookmark: _Hlk78990222]Another aspect that needs consideration is how to configure/indicate new PUSCH repetitions modes. One straightforward solution could be that for indicating more than 16 repetitions, no additional specification is done, except just supporting additional values for number of repetitions as discussed in section 4. For the mechanism to count number of repetitions as available UL slots, a semi-static indication could be configured for enhanced PUSCH repetition type A. Basically, if this field is configured by RRC, then the current indication for number of repetitions either in TDRA table or with aggregation factor or repetition factor is interpreted as counting based on available UL slots. However, this will allow only semi-static switching between the two modes for PUSCH repetition type A even for dynamic grant or PUSCH CG type 2. Other possibility could be to have a more dynamic switching between the two modes by DCI field, but this would require new 1-bit field. Therefore, a more suitable method to dynamic switch between the two modes for PUSCH repetition type A would be to have implicit indication with the TDRA table. In our view, it is critical for relative lower repetition values to ensure the indicated number of repetitions are actually transmitted (i.e., count the actual repetitions or available slots) while supporting a very large number of actual repetition (actual available UL slots) is not necessary from coverage point. Thus, we suggest that if the number of repetitions indicated with the numberofRepetitions in the TDRA is higher than the currently supported maximum value i.e. 16, then the value is interpreted as consecutive number of slots (including UL/DL/flexible symbols) - counting based on physical slots, otherwise if 16 or less number of repetitions are indicated, then the value is interpreted as number of available UL slots - counting based on available slots. An example of the TDRA table is illustrated in Table 1.
Table 1: Illustration of TDRA table with implicit indication for two modes of PUSCH repetition type AEnh-Type A with 8 repetitions (actual, since less than 16)

Current Type A behaviour with 20 repetitions (not actual, since more than 16)

Enhanced Type A indicate up to 16 repetitions (actual repetitions, since equal to 16)

	Row index
	PUSCH mapping type
	K2
	S
	L
	numberofRepetitions

	1
	Type A
	j
	0
	14
	2

	2
	Type A
	j
	0
	4
	16

	3
	Type A
	j
	0
	10
	4

	4
	Type B
	j
	2
	10
	1

	5
	Type B
	j
	4
	4
	8

	6
	Type B
	j
	4
	8
	2

	7
	Type B
	j
	4
	6
	4

	8
	Type A
	j+1
	0
	2
	32

	9
	Type B
	j+1
	2
	4
	20

	10
	Type A
	j+1
	0
	10
	1

	11
	Type A
	j+2
	0
	4
	16

	12
	Type A
	j+2
	0
	12
	1

	13
	Type A
	j+2
	0
	10
	1

	14
	Type B
	j
	8
	6
	2

	15
	Type A
	j+3
	0
	14
	8

	16
	Type A
	j+3
	0
	10
	2



Proposal 4: For PUSCH type A repetition coverage enhancements in NR Rel-17, RRC configuration should be supported to indicate whether Rel-17 enhanced PUSCH type-A repetition scheme is enabled, or Rel-15/16 based PUSCH type-A repetition is enabled.

Proposal 5: For PUSCH type A repetition coverage enhancements in NR Rel-17, if Rel-17 based enhanced PUSCH type-A repetition is enabled, then dynamic switching/indication between the two methods agreed in Rel-17 should be supported:
· Based on the numberofRepetitions indicated in TDRA table – if the numberofRepetitions is equal or less than 16, then numberofRepetitions is counted as number of available slots, otherwise numberofrepetitions is counted as consecutive number of total slots (current behaviour)
· If numberofRepetitions is not included in TDRA, then repetition factor repK is applied for CG type 1 and type 2 and pusch-AggregationFactor for dynamic grant PUSCH

6	Conclusion
In this section, we summarize the observation/proposals from above section:
Proposal 1: For PUSCH type A repetition coverage enhancements in NR Rel-17, support the determination of available slots for PUSCH repetition based on following configuration/indication in addition to TDRA in the scheduling DCI, CG configuration or activation DCI:
· RRC configuration
· dynamic signalling (such as DI, UL CI) received before the start of first transmission
· If any dynamic signalling is received after the start of first transmission, then the PUSCH can be dropped according to Rel-15/16 dropping rules, but the repetition is still counted.

Proposal 2: For PUSCH type A repetition coverage enhancements in NR Rel-17, controlled postponement can be supported, where the indication of a repetition span duration is specified and beyond the duration of repetition span, no further UL repetitions are allowed.
· In case both the mechanisms of indicating number of repetitions and actual number of repetitions (available UL slots) are simultaneously supported, then the number of repetitions can be used as a repetition span to transmit the actual number of repetitions
Proposal 3: For PUSCH type A repetition coverage enhancements in NR Rel-17, the maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is: 32 for the counting based on physical slots; and 16 (i.e., no change from Rel-16) for the counting based on available slots.

Proposal 4: For PUSCH type A repetition coverage enhancements in NR Rel-17, RRC configuration should be supported to indicate whether Rel-17 enhanced PUSCH type-A repetition scheme is enabled, or Rel-15/16 based PUSCH type-A repetition is enabled.

Proposal 5: For PUSCH type A repetition coverage enhancements in NR Rel-17, if Rel-17 based enhanced PUSCH type-A repetition is enabled, then dynamic switching/indication between the two methods agreed in Rel-17 should be supported:
· Based on the numberofRepetitions indicated in TDRA table – if the numberofRepetitions is equal or less than 16, then numberofRepetitions is counted as number of available slots, otherwise numberofrepetitions is counted as consecutive number of total slots (current behaviour)
· If numberofRepetitions is not included in TDRA, then repetition factor repK is applied for CG type 1 and type 2 and pusch-AggregationFactor for dynamic grant PUSCH
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