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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN#90-e approves a new WID [1] with NR coverage enhancement for PUSCH repetition type A:
	Agreement:
· Specification of PUSCH enhancements
· 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.


RAN1#105-e discussed potential spec impacts of above solutions with corresponding agreements [2] listed in the following:
	Agreement:
· RV cycling is based on available slot for the Type A PUSCH repetition enhancement with repetitions counted based on available slot in Rel-17
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.
Conclusion:
· The following agreement in RAN1#104-e is applied to all slots including special slots.
	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.
· FFS details



[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}
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.



Accordingly, we provide views on remaining issues for coverage enhancement of PUSCH repetition type A. 
2. Discussion on coverage enhancement of PUSCH repetition type A
As analyzed in [3], repetitions count on contiguous slots based on original repetition number in TDD mode leads to fewer actual repetitions than expected and degrades uplink performance, thus mechanism of repetition counting on available UL slots was proposed for coverage enhancement.
2.1 The number of repetitions counted on the basis of available UL slots
2.1.1 Determination mechanism of available UL slot
As mentioned in section 1, following four alternatives has been agreed to be down selected：
	· Alt 1-B: Determine available slots for K repetitions based on RRC configuration(s) ;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’: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; 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: 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: Determine available slots for K repetitions based on RRC configuration(s) and SFI ;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.
Whether or not the determination of all available slots should be 


Although Alt 1-B’ is more clear and simper, considering that the symbols for SSB transmission could configured be flexible by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, if   the available slot is flexible slot indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated，which means the symbols for SSB transmission could be used by PUSCH, which is not aligned with current agreement. So we think the determination of available slots for K repetitions should be based on RRC configuration(s), where the RRC configuration(s) at least includes tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, and the configuration for SSB.
Then we need to discuss whether or not the determination of all available slots should depend on dynamic signaling. From the perspective of easier UE implementation, it’s preferred that available slot determination can be done prior to the 1st actual repetition, which avoids frequent judgement of available slot. As for SFI received before the first repetition occasion of PUSCH repetition, if SFI configures a slot as DL, then according to the Rel-15/16 specification, this slot could not be used to schedule PUSCH transmission. For example in Figure 1, a SFI in slot#0 indicate slot#3 is DL slot and slot#1 and slot#2 are UL slots, then slot#3 could not be scheduled to transmission PUSCH according to the Rel-15/16 specification. If gNB wants to schedule 4 PUSCH repetitions, the PUSCH repetitions could only start from slot#4, which means slot#1 and slot#2 could not be used to transmit these PUSCH repetitions, and this will affect the resource efficiency and cause unnecessary latency. So SFI received before the first repetition occasion of PUSCH repetition should be considered to determine the available slots for K repetitions, then in Figure 1, slot#1 and slot #2 could be available slot even if slot#3 is DL slot. 
As for SFI received after the first repetition occasion of PUSCH repetition and other dynamic signaling, such as UL CI, DCI for high priority channel, from the perspective of easier UE implementation, it’s preferred that the UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules.
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Figure 1 An example for SFI indication

Proposal 1: It is based on RRC configuration(s) and SFI received earlier enough (e.g. N2 symbols before the first repetition occasion of PUSCH repetition) for a UE to determine available slots for K repetitions. it is according to Rel-15/16 PUSCH dropping rules for the UE to determine whether to drop a PUSCH repetition or not, but the PUSCH repetition is still counted in the K repetitions.
· the RRC configuration(s) at least includes tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, and the configuration for SSB.

2.1.2 Limitation of overall duration of PUSCH repetitions  
For configured grant, no matter how to determine available slots for K repetitions (based on RRC configuration(s) and/or dynamic signaling), there would be possibility that the overall duration of PUSCH repetitions would cross the period boundary. Considering that there would be other new transmission in next period, there will be a collision between these two transmissions. For example in Figure 2，assuming the period=P and the target number of available slots is 4, then the available slot corresponding to the transmission in second period would be deferred into the third period, thus there would be a collision between two transmissions in the third period. How to handle this collision should be discussed. 
In Rel-15/16, for repetition type A and repetition type B, gNB could configure a proper K value to guarantee the overall duration of PUSCH repetitions not exceed the configured periodicity of configured PUSCH. If same method is used for enhanced repetition type A, considering frame structure in different period could be different from each other, which means the location and number of available slots would be different in different period, then gNB could only choose a smallest K value to avoid the collision. For example in Figure 1, K could be equal 2, which would cause resource waste and have influence on coverage performance. So we think a new method should be considered to solve this problem. A simplest method is to limit the determination of available slot should be done in the configured period of configured grant and any slot beyond the configured period is unavailable slot.
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Figure 2 An example for limitation of overall duration of PUSCH repetitions
Proposal 2: For configured grant, the determination of available slot should be done in the configured period of configured grant to guarantee that the overall duration of PUSCH repetitions should not exceed the configured periodicity of configured PUSCH.

2.2 Increasing the maximum number of repetitions
The first issue for increasing the maximum number of repetitions is to down select one from following two alternatives:
	· 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.


According to our discussion in [4], 8 actual repetitions are required to ensure the basic coverage performance based on observation of the baseline coverage evaluations [3]. However, the maximum repetition number of being 16 in current specification cannot ensure 8 actual repetitions in typical TDD mode (e.g. DDDSUDDSUU) if the number of repetitions is counted on contiguous slots, thus a larger value than 16, i.e. 32, should be enabled for ‘increasing the maximum repetition number’. 
But if number of repetitions is counted based on available UL slots, 16 available UL slots is enough to ensure more than 8 actual repetitions, and the candidate value of maximum repetition might not need to be further increased than 16 considering more repetition number means more unnecessary waste of resources. And in the typical TDD mode, 16 for the counting based on available slots has better performance than 32 for the counting based on physical slots, so it is unreasonable to increase 16 to 32 for the counting based on available slots, but not increase 32 to a bigger value for on contiguous slots. Thus, Alt.2 is better than Alt.1.   
Proposal 3: 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.

3. Conclusions 
In this contribution, we provide views on possible impacts on RAN1 specification for coverage enhancement on PUSCH repetition type A with following proposals:
Proposal 1: It is based on RRC configuration(s) and SFI received earlier enough (e.g. N2 symbols before the first repetition occasion of PUSCH repetition) for a UE to determine available slots for K repetitions. it is according to Rel-15/16 PUSCH dropping rules for the UE to determine whether to drop a PUSCH repetition or not, but the PUSCH repetition is still counted in the K repetitions.
· the RRC configuration(s) at least includes tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, and the configuration for SSB.
Proposal 2: For configured grant, the determination of available slot should be done in the configured period of configured grant to guarantee that the overall duration of PUSCH repetitions should not exceed the configured periodicity of configured PUSCH.
Proposal 3: 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.
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