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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#105-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#105-e and discuss directions for further progress.
Discussion
Counting the number of repetitions based on available UL slots
Determination of the available UL slots
The following agreement was made in RAN1#105-e:
	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.


Before discussing the above options, the definition of “available slot” should be clarified. In RAN1#105-e meeting, the following two options were discussed:
· Option 1: "Available slot” is determined during the counting of K repetitions (but an actual PUSCH transmission does not necessarily need to take place in the slot).
· Option 2: "Available slot” is the slot where an actual PUSCH transmission takes place.
The main concern on the determination of “available slot” that was brought up in RAN1#105-e is related to the case when the DCI for dynamic signaling is missed by UE. This leads to misalignment on the total number of repetitions between gNB and UE. To tackle this issue, collision due to dynamic signaling should be avoided when counting “available slots”. Therefore, Option 1 was supported by the majority. With Option 1, the single step approach in Alt 2-A can be eliminated.
The three remaining 2-step alternatives differ in how they handle flexible slots and dynamic SFI, if any. The pros and cons of these alternatives are as follows:
· For Alt 1-B, the main advantage is the simplicity since there is no ambiguity in counting the available slots based on the RRC configuration. This alternative however does not exploit the flexible slots, if any, for counting the number of repetitions.
· Alt 1-B’ aims at solving the drawback of Alt 1-B by considering the flexible slots as available for counting. However, this could yield several potential issues. Indeed, considering a flexible slot as available without considering the TDRA and dynamic SFI would require the UE to implicitly understand that at least part of the flexible slots which correspond to the TDRA are UL symbols when PUSCH repetition is enabled. A rule is then needed to handle the case when slot format indicated by dynamic SFI is different from what is implicitly determined by the UE, which is a relevant scenario in case DL symbols are indicated in dynamic SFI. 
· Alt 2-B simplifies Alt 1-B’ by considering directly dynamic SFI for counting, i.e., only flexible slots containing valid UL symbols (in terms of TDRA) indicated by dynamic SFI are determined as available. If the dynamic SFI is correctly received at the UE, Alt 2-B offers lower latency than Alt 1-B. However latency does not seem to be a critical optimization criterion for coverage shortage situations. In contrast, the aforementioned misalignment on the total number of repetitions between gNB and UE still exists (for both Alt 1-B’ and Alt 2-B) if the DCI carrying dynamic SFI is missed by the UE.
From the above analysis, the most straightforward solution is to adopt Alt 1-B for the determination of available UL slots.
[bookmark: _Toc78814807]Proposal 1. For the determination of available UL slots in Rel-17 PUSCH repetition Type A, the following two-step approach is adopted:
· 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.

[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.



Discussion on this topic is closely related to the above discussion on determination of the available slots depending on when the actual UL transmissions take place. Specifically, it depends on whether dynamic SFI (Alt 2-B) and other dynamic signaling (Alt 2-A) are also considered for counting the total number of repetitions or not. However, in case Alt 1-B is adopted, it is quite straightforward to see that no need to further discuss on the timeline requirement exists. This appears to be another advantage of Alt 1-B.
[bookmark: _Toc78814823]Observation 1. Determination of available slots for K repetitions based on RRC configuration followed by Rel-15/16 PUSCH dropping rules (i.e., Alt 1-B for the determination of the available slots depending on when the actual UL transmissions take place) simplifies the discussion on timeline requirement for the determination of available UL slots. 
Increasing the maximum number of repetitions
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#105-e. 
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 #105-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 16 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: _Toc78814808]Proposal 2. For PUSCH repetition Type A enhancements, RAN1 supports increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and ConfiguredGrantConfig.

Rel-17 PUSCH repetition type A counting method
One open issue from RAN1#105-e discussion is related to whether the maximum number of repetitions is defined by counting the number of repetitions on contiguous slots or on available slots. This issue mainly comes from 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 can be identified:
· 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.

Option 2 in turn can then be realized in two different ways:
· Both Enhancements 1&2 are supported by the UE: 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. In this sense, any solution that proposes a selection between the two enhancements would be source of concerns. 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 case 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. This can be considered as bad practice and should be avoided in RAN1, given that it would require several unnecessary further discussions on capabilities, and entail complications at gNB for scheduling uplink resources. Furthermore, given the short remaining time before the WI conclusion, working on both enhancements would not be the wisest way-forward. Finally, the technical reason for a UE supporting counting based on the contiguous slots but not supporting counting based on the available slots (and vice versa) is unclear.

From the above observation and given the fact that Option 1 above is perfectly aligned to the WID, we propose the following.
[bookmark: _Toc78814809]Proposal 3. 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.

Maximum number of repetitions
In RAN1#105-e meeting, the following agreements were 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.
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}


From the above agreements, it can be observed that:
· The maximum number of repetitions supported by Rel-17 PUSCH repetition type A is closely related to how repetitions are counted, which is still under discussion in RAN1. 
· The larger the number of repetitions with counting based on available slot the higher the latency. Thus, gNB should be able to select a sufficient number of repetitions, including the agreed intermediate values, and only use a large number in special cases, if needed.
From the above observations, Alt. 1 seems to be a better choice at this stage unless RAN1 can make further progress on Rel-17 counting method before discussing this topic.
[bookmark: _Toc78814810]Proposal 4. The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method.

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. Determination of available slots for K repetitions based on RRC configuration followed by Rel-15/16 PUSCH dropping rules (i.e., Alt 1-B for the determination of the available slots depending on when the actual UL transmissions take place) simplifies the discussion on timeline requirement for the determination of available UL slots.
In addition, the following proposals have been made:
Proposal 1. For the determination of actual UL transmissions in Rel-17 PUSCH repetition Type A, the following two-step approach is adopted:
· 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.
Proposal 2. For PUSCH repetition Type A enhancements, RAN1 supports increasing the maximum number of repetitions with repetition factor configured in PUSCH-Config and ConfiguredGrantConfig.
Proposal 3. 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 4. The maximum number of repetitions supported by Rel-17 PUSCH repetition Type A is 32, irrespective of counting method.
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