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Introduction
[bookmark: _Hlk510705081]This document discusses technical details for the enhancements of PUSCH repetition type A within the context of Rel-17 coverage enhancement work item. The following can be noted from the work item description (WID) [1]:
· 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.
In RAN1#104-e meeting, RAN1 made progress on identifying issues and providing alternative solutions related to both increasing the maximum number of repetitions and counting the number of repetitions based on available slots. In this document, we provide our views on the agreements made in RAN1#104-e and discuss directions for further progress.
Discussion
Counting the number of repetitions based on available UL slots
Definition of available UL slots
The following agreement was made in RAN1#104-e:
	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



The above agreement defines an available slot when there is no overlapping with the symbol not intended for UL transmissions. However, the definition of symbol not intended for UL transmissions should be further clarified. Aside from DL symbol, special symbol, or invalid symbols that cannot be used for UL transmission, RAN1 should specify whether flexible symbol can be considered for UL transmission in this case. In coverage shortage, flexible symbol should be considered as available for UL transmissions to maximize the number of repetitions, regardless of how available slots for PUSCH repetitions are determined and counted. Therefore, RAN1 should not overdesign any concept for using flexible symbol but simply reuse Rel-15/16 procedure.
[bookmark: _Toc71296861]Proposal 1. For defining available slots for PUSCH repetition type A enhancement, flexible symbol can be used for UL transmission. Rel-15/16 behavior of handling flexible symbol should be reused.

Determination of available UL slots
The following agreement was made in RAN1#104-e:
	Agreements:
Select one of the following alternatives, considering the aspect whether or not the determination of all the available slots should be done prior to the first actual transmission of the repetitions (other alternatives are not precluded)
-        Alt1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and does not depend on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).
-        Alt2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations (at least tdd_ul_dl configuration, FFS: other RRC configurations) and also depends on dynamic signaling (at least SFI, FFS: other dynamic signaling e.g. CI, PUSCH priority for URLLC).


The main paragraph in the above agreement clearly stated that this agreement was made in the context of whether or not the determination of all the available slots should be done prior to the first actual transmission of the repetitions. However, the content of Alt. 1 and Alt. 2 may lead to some confusion since they simply provide information on the determination of the available UL slots, i.e., available UL slot is determined based on RRC configuration only or also based on dynamic signaling (e.g. SFI). Therefore, we herein share our understanding by having a closer look on the intention of the two alternatives above. 
Strictly speaking, the available slots for UL transmissions should always depend on dynamic signaling. However, when an UL transmission occasion is determined as available for PUSCHs repetition, it does not necessarily mean that PUSCH repetition should happen in the transmission occasion. There could be two ways to handle the case when one UL transmission occasion determined by RRC configuration cannot be used for UL transmission due to dynamic signaling:
· Option A: The UL transmission occasion is still counted as available for PUSCH repetition (i.e., the total number of repetitions still counts this UL transmission occasion). However, repetition does not happen in this UL transmission occasion (considered as dropped due to overlapping).
· Option B: The UL transmission occasion is counted as unavailable for PUSCH repetition (i.e., the total number of repetitions does not count this UL transmission occasion). In other words, the remaining repetitions will be delayed for maintaining the total number of repetitions.
There is one-by-one relation between Alt. 1  Option A and Alt. 2  Option B above. In other words, the problem is not about whether the determination of the available UL slots should depend on dynamic signaling or not, but rather about how to count the number of repetitions in case one UL transmission occasion determined by RRC configuration cannot be used for UL transmission due to dynamic signaling. 
[bookmark: _Toc71296858]Observation 1. The actual issue for the determination of the available UL slots is not about whether the determination should depend on dynamic signaling or not, but rather about how to count the number of repetitions in case one UL transmission occasion determined by RRC configuration cannot be used for PUSCH repetition due to dynamic signaling.
From the above observation, it is worth noting that any enhancements on PUSCH repetition type A should not affect the normal behavior of the dynamic signaling of SFI, CI, PUSCH priority etc. In other words, RAN1 should avoid reducing the flexibility of dynamic signaling of SFI, CI, PUSCH priority etc., if the objective is just to preserve the configured number of repetitions for PUSCH repetition type A.
[bookmark: _Toc71296862]Proposal 2. Enhancements on PUSCH repetition type A shall not affect the normal behavior of the dynamic signaling of at least SFI, CI and PUSCH priority.
Switching the focus to whether Option A or Option B above should be adopted, it is rather intuitive that Option B is aligned with the objective of the enhancement, i.e., counting the number of repetitions based on the actual available UL slots, where an actual available UL slot is a slot that can actually be used to transmit a PUSCH repetition. Indeed, the motivation of counting the available UL slots based on RRC configuration only but not dynamic signaling is unclear, regardless of whether the counting is done prior to or later than the initial transmission.
[bookmark: _Toc71296863]Proposal 3. For PUSCH repetition type A enhancements, the determination of available slots for UL transmissions depends on both RRC configurations (at least tdd_ul_dl configuration) and dynamic signaling (at least dynamic SFI).

[bookmark: _Ref66975442]Timeline requirement for the determination of the available UL slots
The following conclusion was made in RAN1#104-e:
	Conclusion:
Discuss further to select one of the following alternatives:
· Alt-a: The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
· Alt-b: The determination of all the available slots does not have to be done prior to the first actual transmission of the repetitions. The timeline requirement is per repetition basis.



The motivation for Alt-a is that, after determining all available slots prior to the first actual transmission of the repetitions (using either Option A or Option B above), any dynamic signaling coming later than this point in time will be treated with Option A, i.e., the determined available slot(s) that cannot be used for repetition due to dynamic signaling is/are still counted as available but the transmission is dropped and the repetition is not delayed in time-domain. With this alternative, after determining the available slots prior to the first transmission, the handling of PUSCH repetition after this time is similar to legacy PUSCH repetition type A, which may provide some advantage in terms of implementation.
For Alt-b, the above option B is used regardless of whether the dynamic signaling comes prior to or after the first transmission. This option offers more flexibility than Alt-a for keeping the number of repetitions in case there is UL transmission occasion that becomes unavailable due to dynamic signaling. This is also fully aligned with the objective of the solution, i.e., “counting the number of repetitions based on available UL slots”. Therefore, the combination of Alt-b and the above Option B should be considered.
[bookmark: _Toc71296864]Proposal 4. For PUSCH repetition type A enhancements, the determination of all the available slots does not have to be done prior to the first actual transmission of the repetitions.
Increasing the maximum number of repetitions
Configuration of the increased maximum number of repetitions
The following agreements were made in RAN1#104-e:
	Agreements:
Rel-17 PUSCH repetition Type A supports the increase of maximum number of repetitions with repetition factors configured in a TDRA list with a row index indicated either by the configured grant configuration or by TDRA field in a DCI.
· FFS: increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.

Agreements:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.



From the first agreement above, the increase of maximum number of repetitions applies for numberofrepetition parameter configured in each row of a TDRA table. This parameter was introduced in Rel-16 for dynamic indication of number of repetitions. The number of repetitions can then be indicated by selecting a row in the table, either by configured grant configuration or by TDRA field in the scheduling DCI for dynamic scheduling. In RAN1#104-e, there was a discussion on whether the increase of maximum number of repetitions also applies for the repetition factor configured in PUSCH-config and/or ConfiguredGrantConfig, as noted in the FFS point above.
The following is captured from the current specification [2]:
For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as
-	if numberOfRepetitions is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions;
-	elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor; 
-	otherwise K=1.
Note that configuring numberOfRepetitions in TDRA table for dynamic indication is an optional feature. The UEs not supporting this optional feature can only use pusch-AggregationFactor for indicating the number of repetitions, which is up to 8, according to the current specifications. Therefore, the increase of number of repetitions that can be configured for pusch-AggregationFactor up to 16 is needed. 
Switching the focus to ConfiguredGrantConfig, the number of repetitions is currently configured in repK with maximum 8 repetitions. Since the second agreement above means that we can apply the same maximum number of repetitions for dynamic grant to configured grant, the increase of number of repetitions should also apply for repK in ConfiguredGrantConfig.
[bookmark: _Toc71296865]Proposal 5. For PUSCH repetition Type A enhancements, RAN1 supports increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and ConfiguredGrantConfig.
Maximum number of repetitions
One open issue from RAN1#104-e discussion is that whether the maximum number of repetitions is defined by counting the number of repetitions on contiguous slots or on available slots. This issue mainly come the fact that two solutions that solve the same issue were both included in the WID. As discussed during the SI phase, either increasing the maximum number of repetitions or counting the number of repetitions based on available slots should be sufficient for PUSCH repetition type A enhancements. Unfortunately, both solutions were captured in the WID. To move forward, the following two options were identified in RAN1#104-e:
· Option 1: A single enhancement supporting both potential increase of the maximum number of repetitions and the number of repetitions counted on the basis of available slots.
· Option 2: Two independent enhancements (which can both be configured for the UE): 
· Enhancement 1: potential increase of the maximum number of repetitions;
· Enhancement 2: number of repetitions counted on the basis of available slots.

There are two scenarios that are worth mentioning for Option 2:
· Both Enhancements 1&2 are supported by the UE: If we consider that the number of repetitions is counted based on the available slots by default in that case, then Option 2 falls back to Option 1. Otherwise, we have concern on any solution that proposes a selection between the two enhancements. This is because Enhancements 1&2 cannot be considered as two operation modes. They are just different ways of counting the number of repetitions, but they are not different in terms of the operation of the repetition procedure. Therefore, in case both enhancements are supported by the UE, there is no reason why the gNB would select between the two modes if the UE supports at least the Enhancement 2 above.
· Either of Enhancements 1 or 2 is supported by the UE: This scenario introduces two UE behaviors in the network. In other words, two independent solutions are used by different UEs in the network to solve the same issue, i.e., for the same enhancement in Rel-17. This can be considered as bad practice and should be avoided in RAN1. In addition, given the short timeline for the WI, working on both enhancements is not a wise way-forward.

From the above observation and given the fact that Option 1 above perfectly match with the WID, we propose the following.
[bookmark: _Toc71296866]Proposal 6. For PUSCH repetition Type A enhancements, RAN1 supports a single enhancement for both potential increasing of the maximum number of repetitions and counting the number of repetitions based on available UL slots.
Rel-16 supports a maximum number of PUSCH repetitions equal to 16. Such repetitions are performed only over UL resources, e.g., symbols or slots, within a sequence of 16 back-to-back slots. Now, if the number of repetitions were to be counted based on the available UL slots in Rel-17, the number of actual repetitions for PUSCH repetition type A would increase significantly as compared to the Rel-16 counterpart. This situation is illustrated in Figure 1, where a DDDSU TDD frame structure is semi-statically configured and a low-rate PUSCH is assumed to be repeated on both S and U slots (i.e., the number of allocated symbols per PUSCH repetition can fit a S slot). 
[image: ]
[bookmark: _Ref61381816]Figure 1. Illustration of Rel-16 and Rel-17 number of repetitions and latency for PUSCH repetition type A.

As shown, in Figure 1, when the indicated number of repetitions equals 16 (maximum value specified in Rel-16), Rel-16 PUSCH repetition type A offers only 7 actual repetitions whereas this number would be exactly 16 in the Rel-17 counterpart. This aspect should be considered when defining the Rel-17 maximum number of repetitions, since a much larger effective number of actual PUSCH repetitions, as compared to Rel-16, could already be achieved by simply counting PUSCH repetitions differently.
In addition, it can also be observed from Figure 1 that Rel-17 PUSCH repetition type A entails a longer latency observed from the first repetition to the last repetition, i.e. 37 slots in this example, which exceeds the typical 4ms latency requirement for eMBB service, as per [3], even with 120kHz SCS, as illustrated in the table below. Note that the PUSCH preparation time and decoding time have not been included. 
	SCS
	Latency for 37 slots

	15kHz
	37ms

	30kHz
	18.5ms

	60kHz
	9.25ms

	120kHz
	4.625ms



At this stage, it should be noted that PUSCH is often scheduled only on U slots, which would further increase the latency (it would actually double it in the considered example). Therefore, these results should be taken as the most optimistic case in terms of latency. Although it could be claimed that latency may be traded for coverage, when UE is experiencing coverage shortage, this aspect still needs to be taken into account for not specifying a too high value of maximum number of repetitions. In this context, it is rather evident that the number UEs whose PUSCH can be scheduled over the same period of time, and the number of the possible repetitions, depends both on the maximum configurable number of PUSCH repetitions and on how such repetitions are counted. Indeed, an UL resource occupied by UE for repeating PUSCH for a longer period reduces the flexibility of UL resource utilization and impacts both coverage and latency of other UEs in the network.
[bookmark: _Toc61804756][bookmark: _Toc71296859]Observation 2. By counting the number of repetitions based on the available UL slots in Rel-17, the number of actual repetitions as well as the latency from the first to the last repetition for PUSCH repetition type A are increased significantly.
[bookmark: _Toc61804757][bookmark: _Toc71296860]Observation 3. An UL resource occupied by UE for repeating PUSCH for a longer period reduces the flexibility of UL resource utilization and impacts both coverage and latency of other UEs in the network.
[bookmark: _Toc61804778][bookmark: _Toc71296867]Proposal 7. Suitable latency requirements, with or without aspects related to flexibility of UL resource utilization, shall be considered when discussing the details of the enhancements on PUSCH repetitions type A.

Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to enhancements on PUSCH repetition Type A in Rel-17. The following observations have been made:
Observation 1. The actual issue for the determination of the available UL slots is not about whether the determination should depend on dynamic signaling or not, but rather about how to count the number of repetitions in case one UL transmission occasion determined by RRC configuration cannot be used for PUSCH repetition due to dynamic signaling.
Observation 2. By counting the number of repetitions based on the available UL slots in Rel-17, the number of actual repetitions as well as the latency from the first to the last repetition for PUSCH repetition type A are increased significantly.
Observation 3. An UL resource occupied by UE for repeating PUSCH for a longer period reduces the flexibility of UL resource utilization and impacts both coverage and latency of other UEs in the network.
In addition, the following proposals have been made:
Proposal 1. For defining available slots for PUSCH repetition type A enhancement, flexible symbol can be used for UL transmission. Rel-15/16 behavior of handling flexible symbol should be reused.
Proposal 2. Enhancements on PUSCH repetition type A shall not affect the normal behavior of the dynamic signaling of at least SFI, CI and PUSCH priority.
Proposal 3. For PUSCH repetition type A enhancements, the determination of available slots for UL transmissions depends on both RRC configurations (at least tdd_ul_dl configuration) and dynamic signaling (at least dynamic SFI).
Proposal 4. For PUSCH repetition type A enhancements, the determination of all the available slots does not have to be done prior to the first actual transmission of the repetitions.
Proposal 5. For PUSCH repetition Type A enhancements, RAN1 supports increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and ConfiguredGrantConfig.
Proposal 6. For PUSCH repetition Type A enhancements, RAN1 supports a single enhancement for both potential increasing of the maximum number of repetitions and counting the number of repetitions based on available UL slots.
Proposal 7. Suitable latency requirements, with or without aspects related to flexibility of UL resource utilization, shall be considered when discussing the details of the enhancements on PUSCH repetitions type A.
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