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1. Introduction

During RAN1#104e meeting, the following agreements have been achieved on PUSCH coverage enhancement.
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).
Agreements:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.
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
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.

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.

In this contribution, we further discuss on how to enhance the PUSCH repetition type A for coverage.       
2. Enhancements for Repetition
Evaluations for enhancement on PUSCH repetition Type A are done for different scenarios, which were summarized in previous meetings. Most of simulation results has shown gains even comparing repetition counting on applicable slot with pure HARQ retransmissions to actually transmit in same number slots.  
It is also observed that when the maximum number of actual transmissions is fixed, enhanced repetition can have less HARQ transmission and save more downlink control overhead. Especially for VoIP, repetition is important for better coverage. If the transmissions are all triggered by HARQ mechanism with large number of DCIs, the overhead will be too high for a normal VoIP services. Besides, the configured grant scheme was intended to save the DCI grant for that semi-persistent scheduling. 

2.1. Increasing the maximum number of repetitions
In Rel-15/16, RRC parameter pusch-AggregationFactor configures the number of repetitions for PUSCH, where the candidate value set of pusch-AggregationFactor = {2, 4, 8}. TRDA based dynamic repetition number indication introduced in Rel-16 is applied when configured, where the candidate value set of numberOfRepetitions-r16 = {1, 2, 3, 4, 7, 8, 12, 16}.
Also shown in the evaluation for low SNR case in rural scenarios [1], 8repetition still shows coverage gap for the target PUSCH data rate of eMBB services. For VoIP traffic, the 8repetition has no good coverage. It then would require higher repetition factor. The actually repetition time may need to be configured higher than the existing number, e.g., introducing 16 or even larger. Then the FDD case can ensure coverage of PUSCH.

As for TDD scenarios also important, the large repetition factor would also help enhancing in different TDD UL/DL configuration. In evaluation typical TDD scenarios are DDDDDDDSUU (2.6 GHz), DDDSU (4 GHz) and DDDSUDDSUU (4 GHz). The UL slots is not more than 20% percent. Increasing repetition factor also helps increasing the actual transmissions in one PUSCH scheduling, thus it increases TDD coverage without DCI overhead. 
Proposal 1: Introducing higher repetition factor for PUSCH repetition Type A, the maximum number of repetitions should be increased to 32.
The motivation for increasing the number of repetitions is to ensure the actual number of repetitions, which is an enhancement consideration for contiguous counting scenarios. If the number of repetitions is counted based on available slots, the maximum number of repetitions can be supported at present, which does not require a larger number of repetitions. The maximum number of repetitions can be considered as a maximum value that meet the coverage requirements based on continuous slots. At the same time, it certainly can satisfy the coverage requirements based on available slots counting. During RAN1#104-e meeting, a large number of companies expressed the views 1st enhancement (increase of the maximum number of repetitions) and the 2nd enhancement (the number of repetitions counted on the basic of available slots) are separately/independently configured. We prefer the two enhancements can be configured independently, i.e., increase of the maximum number of repetitions is designed such that it achieves coverage improvement assuming that the number of repetitions is counted based on contiguous slots.
Proposal 2: Two enhancements 1) increase of the maximum number of repetitions and 2) the number of repetitions counted on the basis of available slots are configured independently.
· Increasing of the maximum number of repetitions is designed such that it achieves coverage improvement assuming that the number of repetitions is counted based on contiguous slots
Three cases were mentioned in RAN1#104e meeting, and there is no conclusion yet on “whether the case is invalid as a design target” and “the maximum repetition number, if the case is valid”. 
· Case 1: FDD or SUL
· Case 2: TDD with the contiguous-slot-based counting

· Case 3: TDD with the available-slot-based counting

In our view, all the three cases listed above are valid. There is no necessary to design different maximum repetition number for different cases. We can design a maximum number value for all cases in R17 although it may be larger for case1 and case3.
Proposal 3: All the following three cases are valid, and a unique maximum number of repetitions is applicable for all cases. 
· Case 1: FDD or SUL, (valid, maximum number of repetitions is 32)
· Case 2: TDD with the contiguous-slot-based counting, (valid, maximum number of repetitions is 32)
· Case 3: TDD with the available-slot-based counting, (valid, maximum number of repetitions is 32)
There was a discussion on which RRC parameters should be extended to support more repetitions in RAN1#104-e meeting. In Rel-15/16, 3 RRC parameters are used to indicate the number of repetitions:
· pusch-AggregationFactor

· numberofrepetitions

· repK

In our view, there are 2 alternatives to indicate the number of repetitions in Rel-17: 
· Alt1: Extending the Rel-15/16 parameters.
· Alt2: Introducing new parameters for Rel-17;

For Alt1, all three parameters can be extended if the maximum number of repetitions to be supported is increased from that supported in current specification.
· The parameters numberofrepetitions can also be used for Type B repetition, thus Rel-17 RRC parameter numberofrepetitions should be  be only applicable to PUSCH repetition Type B when the parameter is extended. The extension of numberofrepetitions is for dynamic indication.
· The parameters pusch-AggregationFactor is for semi-static indication. Thus, it is not covered by the current agrrement of TDRA based repetition. 
· We have the agreements that “The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH”. To enhance both Type1&Type2 CG, parameters repK has to be considered for enhancement. 
For Alt2, introducing some new parameters for Rel-17 is also another way. There are two points to note:
· The new parameters which indicate the number of repetitions in Rel-17 which should be only applicable to PUSCH repetition Type A.

· The new parameters for the dynamic and semi-static indication of number of repetitions for DG-PUSCH should be designed. The new parameters for the dynamic and semi-static indication of number of repetitions for CG-PUSCH should also be designed. 
Considering the current Rel-16 repetition parameter bundled together with both type A and type B repetition, it is not efficient to extend the parameter. Extending the existing parameter would also not make full support of CG-PUSCH.
Proposal 4: Indication of number of repetitions by introducing new parameters for Rel-17.

Proposal 5: The indication of number of repetitions should consider both DG-PUSCH and CG-PUSCH in same framework.  
2.2. The number of repetitions counted on the available slots
In Rel-15/16 the number of repetitions for a PUSCH repetition type A is counted at every slot regardless of whether the slot has sufficient available resources for UL transmissions or not. Due to the TDD UL/DL configuration and flexible frame structure of NR, the time domain resource allocation (TDRA) of PUSCH by the UL grant may not fit into every slot. Type A repetition have to omit the slot by still count the repetition, when the slot cannot be transmitted. In TDD, it may mean the special slot and DL slot will not be used. As we can see in previous analysis, this means quite few slots can actually repeat. 

To address this issue, enhanced repetition scheme should postpone the transmission if a slot cannot transmit the repetition of a TB. Also, as we seen in the analysis, transmitting in sufficient number of slot is important for TDD even in case of larger repetition factors. 

Most of the companies share the views on postponement mechanism in RAN1#104 meeting as the following:

· If a slot is determined as available for a scheduled PUSCH, the slot is counted in the PUSCH repetition. Otherwise, the slot is not counted in the PUSCH repetition and the repetition is postponed to the next slot.

· Adopt one of the following:

· Alt 1: The above step is repeated until the count reaches the configured/indicated number of repetitions.

· Alt 2: The above step is repeated until the count reaches the configured/indicated number of repetitions N, or until the duration of the PUSCH transmission is K slots and the count is not larger than N.
The Alt 1 could ensure that the number of repetitions meet the estimated coverage. However, if there is some transmission conflict and the PUSCH dropping, another limit of repetition should be into effect. Thus, Alt 2 would be better choice.
Proposal 6. If a slot is determined as available for a scheduled PUSCH, the slot is counted in the PUSCH repetition. Otherwise, the slot is not counted in the PUSCH repetition and the repetition is postponed to the next slot. 
· Repeated transmission stops until the count reaches the configured/indicated number of repetitions, or until the duration of the PUSCH transmission is K slots and the count is not larger than N.
Regarding on the definition of available slots for PUSCH repetitions for the postpone mechanism, there are two alternatives were agreed for selection in RAN1#104 meeting：
· 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).
Further into the PUSCH repetition detail, the frame structure definition should be fully considered. In normal PUSCH scheduling and dynamic frame structure, a PUSCH can be transmitted in uplink symbols or flexible symbols. This is also the case for PDSCH, which will change flexible symbol into downlink. One UE dynamically using a flexible symbol will then impact other UEs. If one of the other UE are transmitting PUSCH in repetition, it has to follow the same direction. 

It is also the case that we have flexible slots. When PDSCH slot repetition is triggered, all the flexible slots would be restricted as downlink slots. Since the maximum number of repetitions is 16, it would mean that such restriction would cause that the direction of at most 16 consecutive flexible slots to be uplink or downlink, as shown in Figure 1. It would be difficult for another UE change the transmission back in the middle. Methods on how to solve such restriction issue shall be considered.
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Figure 1 Frame structure restriction due to slot repetition
Considering the coverage enhancement scenarios, we prefer alt1, i.e., the available UL slots are only determined based on semi-static RRC configuration. Also, if the available UL slots can also be determined by dynamic signaling during PUSCH repetition, UE maybe mis-detect the DCI carrying dynamic indication, it will cause different understanding between UE and gNB on which slots to be used for PUSCH repetitions and RV index of each PUSCH repetitions. The misalignment between UE and gNB caused by dynamic indication should be avoided. And the available UL slots semi-statically configured based on TDD frame structure is more robust. Thus, to avoid on-the-fly change of available UL slots, TDD configuration and semi-static configurations should be used. 
Proposal 7. Regarding on the definition of available slots for PUSCH repetitions for the postpone mechanism, 

· We prefer alt1, i.e. 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).
· For alt2, if the definition of available slots depends on dynamic signaling only through the scheduling DCI before first PUSCH repetition, it can be also supported.
There was also a discussion on whether the determination of all the available slots should be done prior to the first actual transmission of the repetitions. 
· 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.

Similar with the definition of available slots, if UE mis-detect the SFI which is used to make a slot available for PUSCH transmission, it will cause different understanding between UE and gNB on which slots to be used for PUSCH repetitions and RV index of each PUSCH repetitions. The coverage performance may become worse because the mis-detection of dynamic signaling which make slot available for PUSCH transmission. Thus, we prefer Alt-a.
Proposal 8. The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
2.3. The coexistence of two Counting Methods of Repetition
As mentioned in section 2.1, there are two enhancements for PUSCH repetitions. Correspondingly, there are two ways to count the number of repetitions, 1) the number of repetitions is counted on the basis of contiguous slots; 2) the number of repetitions is counted on the basis of available UL slots.
In our view, both two counting methods are necessary. For some specific slot structures, increasing the number of repetitions counted on the basis of available UL slots can significantly increase the delay, e.g. “DDDDDDDSUU” slot structure, when the number of repetition increases by 2 times, there will be a delay of 10 slots. In this case, we can count the number of repetition on the basis of the contiguous slots to ensure the delay. And there is no necessary to limit UE count on the basis of available UL slots in PUSCH repetition. Rel-17 should be able to support two types of UE, 1) count the number of repetitions on the basis of contiguous slots; 2) count the number of repetitions on the basis of available slots. If both of two counting methods are supported by Rel-17 UE, UE need to be indicated which one is configured.
Regarding on the configuration/indication of the two counting methods, there are two design approaches:
· Alt1: Introducing a parameter that indicates the type of counting mode
· Alt2: Using specific numerical characteristics of the number of repetitions, e.g., 1) indicate counting on the basis of contiguous slots by odd number of repetitions, indicate counting on the basis of available slots by even number of repetitions; 2) determine a function about counting types and the number of repetitions; 3) imitating the way of SLIV, the counting type is determined according to the different number of repetitions.
Proposal 9. Regarding on the configuration/indication of the two counting methods, there are two design approaches:
· Alt1: Introducing a parameter that indicates the type of counting mode.
· Alt2: Using specific numerical characteristics of the number of repetitions, e.g. 1) The numerical characteristics of odd and even numbers; 2) Functional relationship; 3) SLIV like.
2.4. Potential impact from some special cases

There are also some other factors which may have impacts on PUSCH repetition type A. 

When there are multiple uplink channels needs to be transmitted simultaneously for single cell operation with two uplink carriers or for operation with carrier aggregation, power reduction shall be applied if the total power transmission power exceeds 
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. As specified in 38213, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to 
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-
PRACH transmission on the PCell

-
PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-
PUCCH transmission with CSI or PUSCH transmission with CSI

-
PUSCH transmission without HARQ-ACK information or CSI

-
SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
For multi-slot PUSCH transmission, when other uplink channels such PRACH or PUCCH are overlapping with PUSCH in some of PUSCH slots, the PUSCH transmission power may be reduced due to limited power, even the PUSCH transmission in the slot may be cancelled. It may be difficult for the gNB to always have an idea on when power reduction for PUSCH and whether the PUSCH would be cancelled. For example, PRACH or SR on PUCCH would be triggered by UE itself. If UE cancel the transmission of PUSCH due to this, gNB would not know it.
Proposal 10: PUSCH repetition counting should take into account of dropping due to power reduction during PUSCH repetition.
3. Conclusions
In this contribution, we discussed the enhancement of PUSCH repetition Type A for coverage enhancement. As summary, we have the following proposals:   
Proposal 1: Introducing higher repetition factor for PUSCH repetition Type A, the maximum number of repetitions should be increased to 32.
Proposal 2: Two enhancements 1) increase of the maximum number of repetitions and 2) the number of repetitions counted on the basis of available slots are configured independently.

· Increasing of the maximum number of repetitions is designed such that it achieves coverage improvement assuming that the number of repetitions is counted based on contiguous slots
Proposal 3: All the following three cases are valid, and a unique maximum number of repetitions is applicable for all cases. 

· Case 1: FDD or SUL, (valid, maximum number of repetitions is 32)
· Case 2: TDD with the contiguous-slot-based counting, (valid, maximum number of repetitions is 32)
· Case 3: TDD with the available-slot-based counting, (valid, maximum number of repetitions is 32)
Proposal 4: Indication of number of repetitions by introducing new parameters for Rel-17.

Proposal 5: The indication of number of repetitions should consider both DG-PUSCH and CG-PUSCH in same framework.  
Proposal 6. If a slot is determined as available for a scheduled PUSCH, the slot is counted in the PUSCH repetition. Otherwise, the slot is not counted in the PUSCH repetition and the repetition is postponed to the next slot. 
· Repeated transmission stops until the count reaches the configured/indicated number of repetitions, or until the duration of the PUSCH transmission is K slots and the count is not larger than N.
Proposal 7. Regarding on the definition of available slots for PUSCH repetitions for the postpone mechanism, 

· We prefer alt1, i.e. 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).
· For alt2, if the definition of available slots depends on dynamic signaling only through the scheduling DCI before first PUSCH repetition, it can be also supported.
Proposal 8. The determination of all the available slots has to be done prior to the first actual transmission of the repetitions.
Proposal 9. Regarding on the configuration/indication of the two counting methods, there are two design approaches:
· Alt1: Introducing a parameter that indicates the type of counting mode.
· Alt2: Using specific numerical characteristics of the number of repetitions, e.g. 1) The numerical characteristics of odd and even numbers; 2) Functional relationship; 3) SLIV like.

Proposal 10: PUSCH repetition counting should take into account of dropping due to power reduction during PUSCH repetition.
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