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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#106-e meeting, RAN1 made good progress on the discussions 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 remaining open issues in this topic.
Discussion
Counting the number of repetitions based on available UL slots
Determination of the available UL slots
The following agreements were made in RAN1#106-e for Rel-17 PUSCH repetition type A enhancements:
	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


From the above agreements, F and U slots will be counted as available based on RRC configuration(s) in Step 1. If a slot is dropped in Step 2, it is still counted in the total number of repetitions (i.e., no deferring). With this approach, there is no discrepancy between the gNB and the UE on the total number of available slots for repetitions. The main open issue on this topic is about the list of RRC configuration(s) in Step 1. In the previous meetings, RAN1 had been discussing extensively the list of potential RRC parameters to be included in Step 1. However, no official agreement was made.
In addition, the following agreement was also made in RAN1#106-e under AI 8.8.3 on type A PUSCH repetition for Msg3:
	Agreement
The available slot of Msg3 PUSCH repetition is only determined by the tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, no other additional Rel-16 signals/signalings will be considered. 
If a symbol for Msg3 repetition in a slot overlaps with SSB transmission [FFS:N Gap symbols after SSB], the slot is determined as not available during the counting of repetitions. As there is no Msg3 repetition in the slot, no Msg3 repetition omission applies to the slot.


Given that the above agreement was made for Msg3 and based on the consensus so far regarding the list of RRC parameters for Step 1, RAN1 should confirm that the available slots are determined based at least on tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and ssb-PositionInBurst.
[bookmark: _Toc83905478]Proposal 1. For Rel-17 PUSCH repetitions counted on the basis of available slot, RAN1 to confirm that the list of RRC parameters for available slot determination includes at least: tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and ssb-PositionInBurst. FFS: other parameters, if applicable.
Limitation of overall PUSCH repetition duration
In RAN1#106-e meeting, the issue of whether there should be a limitation on overall PUSCH repetition duration was discussed. The following agreement was made for DG-PUSCH repetitions:
	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.



However, there was no consensus on how to conclude the discussion on this issue for CG-PUSCH repetitions. The latest FL’s proposal for this issue is as follows [5].
“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.
· 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.”
Unfortunately, there was not enough time in RAN1#106-e meeting to discuss the above proposal. In this section, we express our view on the above proposal and suggest the way-forward. The following observations can be made on the above proposal:
· The two sentences “or at the last transmission occasion among the K repetitions within the period P" in the first bullet of Alt. 1 and “or at the last transmission occasion within the period P" in the first bullet of Alt. 2 have the same meaning for determining at which transmission occasion the counting is stopped. Therefore, the first bullets of both alternatives are basically the same. The only difference between the two alternatives lies in the second bullets of two alternatives.
· The second bullet of Alt. 1 implies that the gNB will make sure that the spilled-over transmission occasions after the periodicity do not exist. The scheduler can handle this by configuring the periodicity as a multiple integer value of the TDD pattern. In this case, the number of available slots in each period is fixed and K can be configured to be less than or equal to the number of available slots such that the spill-over issue does not exist. Indeed, issue with scheduler only happens when the periodicity is small, (e.g. P=5 slots in DDDSUDDSUU pattern, as illustrated in [5]), which is an unexpected configuration for UE in coverage shortage (which will likely be configured with larger P values to begin with, to accommodate large number of repetitions). The issue can be solved easily for DDDSUDDSUU if we consider P=10 slots, and set K<=3, or P = 20 slots and K<=6, etc., in this specific example). 
· The second bullet of Alt. 2 simply allows the “spill-over” behavior. The issue is then solved by the sentence “or at the last transmission occasion within the period P" in the first bullet of Alt. 2, which means the spill-over transmission occasions will not be considered. It seems that this alternative also works and aims to relax the scheduling constraint for scheduler (which may not be needed, as the above analysis for Alt. 1). For instance, according to Alt. 2, if gNB can indicate a value of K up to the number of slots in the periodicity P, irrespective of how many slots are available during P, without causing an error. So far, the situation would be simple. However, the FFS under the second bullet of Alt. 2 complicates the situation. Indeed, the FFS will make Alt. 2 behave exactly like Alt. 1. In other words, the spill-over issue can also be solved by the FFS alone (i.e., putting scheduling constraint to the scheduler again), in turn making the two alternatives being identical if the FFS is finally accepted.
From the above observations, Alt. 1 is our 1st preference and NW can handle the spill over issue by configuring the appropriate values for K and P.
[bookmark: _Toc83905479]Proposal 2.  For CG-PUSCH with counting based on the available slots, 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.
Increasing the maximum number of repetitions
Maximum number of repetitions
In RAN1#106-e meeting, the following working assumption was made:
	Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32


Concerning the above working assumption, the following observations can be noted from the discussions in RAN1#106-e meeting:
· It’s up to the gNB to configure a suitable number of repetitions when counting based on the available slots.
· Limiting the maximum number of repetitions to 16 for counting on available slots cannot guarantee that counting on available slots can always offer a higher number of actual repetitions than counting on consecutive physical slots.
· Limiting the maximum number of repetitions to 16 for counting on available slots may lead to more specification impacts.
· It is more preferable to preserve a high number of repetitions and let it up to gNB configuration so that RAN1 doesn’t need to comeback in the future releases for increasing the number of repetitions again.
· It is useful to support the maximum number of repetitions up to 32 based on available slots for VoIP with relaxed time budget.
Aside from the above observations, it is worth noting that the following agreement was also made in RAN1#105-e meeting:
	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}


Given that counting on available slot is completely a new Rel-17 feature, if there is no further agreement made for the maximum number of repetitions when counting on available slots then, based on the above agreement, 32 should be used. Therefore, RAN1 can already confirm the above working assumption that the maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition type A is 32. 
[bookmark: _Toc83905480]Proposal 3. RAN1 to confirm the working assumption made in RAN1#106-e that the maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32.
RRC parameters for configuring 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.



Therein a discussion was carried out 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. From the first agreement above, the increase of maximum number of repetitions applies to the parameter numberOfRepetition, 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 means of a configured grant or TDRA field in the scheduling DCI for dynamic scheduling.
This topic was also discussed in RAN1#106-e without reaching consensus. 
Current specification states the following [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.
No strong technical argument was brought forward in RAN1 #106-e on why increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig should not be supported. In contrast, the benefit of supporting it is evident. Indeed, 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 32 is needed. 
Switching the focus to ConfiguredGrantConfig, the number of repetitions is currently configured via repK. A maximum of 8 repetitions can be configured. Since the second agreement above means that the same maximum number of repetitions for dynamic grant can be applied to configured grant, the increase of number of repetitions should also apply for repK in ConfiguredGrantConfig.
[bookmark: _Toc83905481]Proposal 4. For Rel-17 PUSCH repetition Type A enhancements, RAN1 supports increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and ConfiguredGrantConfig.
DCI formats supporting the repetition factors indicated/configured via TDRA table
In RAN1#106-e meeting, the following agreement was made:
	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.


Aside from DCI format 0_1 and DCI format 0_2, there was a long discussion during RAN1#106-e meeting on whether to further support DCI format 0_0 for Rel-17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists or not. Concerning this aspect, we have the following observations:
· Number of repetitions configured in TDRA table was not supported for DCI format 0_0 in the previous releases. In addition, the objective of Rel-17 WI for PUSCH repetition Type A enhancements is to simply increase the maximum number of repetitions without modifying the legacy way of configuring the number of repetitions. Therefore, extending the number of repetitions configured in TDRA table for DCI format 0_0 can be considered as out-of-scope of this AI/WI.
· If supporting the increased maximum number of repetitions for DCI format 0_0 and CG type 1 is needed, a straightforward and low specification impact approach is to support the increased maximum number of repetitions configured in pusch-AggregationFactor and repK.
[bookmark: _Toc83905482]Proposal 5. For Rel-17 PUSCH repetition type A enhancements, number of repetitions configured in TDRA list is not supported for DCI format 0_0.
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 proposals have been made:
Proposal 1. For Rel-17 PUSCH repetitions counted on the basis of available slot, RAN1 to confirm that the list of RRC parameters for available slot determination includes at least: tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated, and ssb-PositionInBurst. FFS: other parameters, if applicable.
Proposal 2.  For CG-PUSCH with counting based on the available slots, 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.
Proposal 3. RAN1 to confirm the working assumption made in RAN1#106-e that the maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32.
Proposal 4. For Rel-17 PUSCH repetition Type A enhancements, RAN1 supports increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and ConfiguredGrantConfig.
Proposal 5. For Rel-17 PUSCH repetition type A enhancements, number of repetitions configured in TDRA list is not supported for DCI format 0_0.
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