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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on NR coverage enhancements was approved [1]. For PUSCH, it was agreed that both directions (i.e., increasing the maximum repetition number, and counting the number of repetitions on the basis of available UL slots) for repetition type A are to be specified. The following agreements were reached in RAN1#104e [2]:
	Agreements:
The maximum number of repetitions for DG-PUSCH is also applicable to CG-PUSCH.
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:
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:
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
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 provide our views on PUSCH repetition type A enhancements for both directions.
Discussion
[bookmark: _Ref64986783]Principle for repetition type A enhancement
In this section, we discuss the design principle for PUSCH repetition type A enhancement.
In Rel-15 and/or Rel-16, slot-level repetitions are supported for both PUSCH and PUCCH. For PUSCH, slot-level repetition (a.k.a. repetition type A) is counted based on continuous physical UL slots. For PUCCH, slot-level repetition is counted based on the available UL slots. Anyway, for each channel, the same RRC parameters and UE behaviors are applied to both TDD and FDD systems. For instance, the maximum number of repetitions and the configurable set of repetition numbers of PUSCH are the same for both TDD and FDD systems.
Thus it can be seen that for PUSCH repetition type A, unified design for TDD and FDD is applied throughout Rel-15 and Rel-16. Unified design for TDD and FDD can lighten the normative work and simplify the device/chip development. On the other hand, separated design for TDD and FDD will double the discussion/simulation/specification workload and may cause different device/chip development, but in return no obvious benefit for coverage performance can be achieved. 
It is suggested to achieve unified design for TDD and FDD regarding to the repetition type A enhancement. The related aspects include: increased maximum repetition number, configurable set of repetition number, determination of UL available slot (if applicable), etc.
Proposal 1: For the enhancement of Rel-17 PUSCH repetition type A, unified design is applied to both TDD and FDD.
The advantages/disadvantages of the two enhancement features under the umbrella of PUSCH repetition type A are different, when applied to different bands. In FDD bands, the increased maximum number of repetitions is useful, while new rule of counting available UL slot does not help too much. On the other hand, in TDD bands, the new rule of counting available UL slot is beneficial, but the effectiveness of increasing the maximum number of repetitions will be reduced, especially for DL-heavy TDD configuration.
Though relationship between the two features and the design of UE features/capabilities should be discussed in the later phase, we would like to point out that the deployment in real world may be more complicated than expected. It is desired that the specification can provide enough flexibility and capability to compensate the coverage loss as much as possible. In general, the gNB has more knowledge than UE regarding to the network situation and the UL coverage for a specific UE. It is more suitable for the gNB to determine how to improve the coverage. For instance, if deeper coverage is pursued for a UE in TDD band, a gNB may configure both features to the UE to maximize its UL coverage.
Observation 1: It is more suitable for the gNB to determine the application of the two features for coverage enhancement, since the gNB has more knowledge than the UE.

Increasing the maximum number of repetitions
In our companion paper [3], we suggest taking 32 as the starting point of increased maximum number of repetitions. The main reasons include:
· This WI is not aiming at LPWA scenario, in which the minimum number of the maximum repetition number among the typical LPWA systems is 32.
· Excessive repetition number will reduce the performance such as UL UPT (user perception throughput).
· HARQ retransmission mechanism can cooperate with repetition transmission. There is no need to pursue hard one-shot BLER (iBLER) in all scenarios.
As mentioned in Section 2.1, unified design for both TDD and FDD is preferred. In this case, 32 can be considered as the maximum number of repetition type A for both TDD and FDD. 
It is understood that there may be some over-optimization for TDD, when new counting rule of available UL slot is also applied. However, it does not matter much, since such value is only the maximum repetition number, but not has to be the real configured/indicated repetition number. On the contrary, it provides larger coverage compensation range to the gNB. 
Proposal 2: Take 32 as the starting point of the maximum number of repetition type A.
After determining the maximum number of repetition, it should also determine the configurable set of repetition numbers. For example, if ‘32’ is applied as the maximum number, a possible configurable set of repetition number can be {1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32}.
Proposal 3: Determine the configurable set of repetition numbers after determining the maximum repetition number.
· Take {1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32} as the starting point of the configurable set of repetition number if the maximum repetition number is 32.
It was agreed to support 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. To be more specific, the IE numberOfRepetitions in the TDRA entry supports increased repetition numbers. However, it is still FFS whether to increase the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.
Currently, if the UE is indicated/configured with TDRA entry with numberOfRepetitions, the repetition number K follows numberOfRepetitions, while the repetition factor configured in PUSCH-Config (i.e. pusch- AggregationFactor) or ConfiguredGrantConfig (i.e. repK) will be ignored:
Table 1 Repetition of DG-PUSCH and CG-PUSCH in Rel-16
	Case
	Description in TS 38.214 [4]

	DG-PUSCH
	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-r16 is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions-r16; 
- elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch- AggregationFactor; 
- otherwise K=1.

	CG-PUSCH
	For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberOfRepetitions-r16 is present in the table; otherwise K is provided by the higher layer configured parameters repK.


Considering that numberOfRepetitions has higher priority in repetition number determination, extending the configurable number of numberOfRepetitions seems sufficient for coverage enhancement. The gNB can always configure and indicate a large value in numberOfRepetitions in TDRA entry to compensate the deep coverage loss, regardless of the pusch- AggregationFactor and repK. Therefore, good coverage compensation and flexibility can be achieved.
Observation 2: Increasing the maximum number of repetitions in numberOfRepetitions already achieves good coverage compensation and flexibility.
Note that, pusch- AggregationFactor and repK can be regarded as the ‘default’ repetition number, if configured. In case a large value is configured in pusch- AggregationFactor or repK, if numberOfRepetitions is not presented in the TDRA entry, the UE will have to transmit PUSCH with large number of repetitions. This will reduce the flexibility of repetition control, and may cause waste of UL resource. In addition, even if the maximum repetition number of pusch- AggregationFactor and repK are extended, it does not provide further coverage enhancement.
Hence, we suggest not increasing the maximum repetition number in pusch- AggregationFactor or repK. It brings no further benefit for coverage.
Proposal 4: Do not increase the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.

Repetition number counted on the basis of available UL slots
Generally, there are two alternatives for available UL slot determination. The main difference is whether dynamic signaling should be considered:
· Alt1: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations and does not depend on dynamic signaling.
· Alt2: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations and also depends on dynamic signaling.
For Alt1, the determination of available UL slots is based on semi-static RRC parameters only, which guarantees the alignment between the gNB and UE. Even if dynamic signaling (e.g. SFI/CI) is supported, the repetitions will not be further postponed due to successfully reception of SFI/CI. When misdetection of SFI/CI happens, the misalignment of PUSCH repetitions between gNB and UE is limited within the SFI/CI indicated slots/symbols only, as shown in Figure 1. In Figure 1, it is assumed that the repetition number is 4, and 2 slots are configured as invalid for UL by RRC parameters. Besides, a dynamic SFI/CI also indicates a slot as a DL slot.
[image: ]
[bookmark: _Ref64982241]Figure 1 Available UL slots determined by RRC parameters only.
In Figure 1, for the slot indicated by SFI/CI, it is determined as available UL slot (by RRC parameter) for PUSCH2 transmission, but the transmission is canceled due to SFI/CI indication. Such cancellation will not bring postponing behavior for the remaining repetitions.
For Alt2, the determination of available UL slots is based on not only semi-static RRC parameters but also dynamic signaling. The determination based on dynamic indication, however, is equivalent to enabling dynamic postponing. Hence, if misdetection happens, the misalignment of PUSCH repetitions will spread to the subsequent slots, leading to serious waste of resource and error span. Figure 2 illustrates this case with the same assumption as Figure 1.
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[bookmark: _Ref64983552]Figure 2 Available UL slots determined by RRC parameters and dynamic signals.
In Figure 2, for the slot indicated by SFI/CI, it is determined as unavailable UL slot. PUSCH2 and PUSCH3 are intended to be ‘postponed’. But the misdetection of SFI/CI will lead to misalignment between the gNB and the UE, starting from the indicated slot and lasting to the end. 
Note that, even for PUCCH repetition, the available slots/symbols are also determined by RRC parameters only. It is suggested to take Alt1 as the available UL slot determination rule, i.e. only RRC parameters will be taken into consideration. The detailed RRC configuration can be FFS.
Proposal 5: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations and does not depend on dynamic signalling.
· FFS details of RRC configuration.

Conclusion
In this contribution, we provide our view on mechanisms for enhancements on PUSCH repetition type A. The observations and proposals are summarized as follows:
Observation 1: It is more suitable for the gNB to determine the application of the two features for coverage enhancement, since the gNB has more knowledge than the UE.
Observation 2: Increasing the maximum number of repetitions in numberOfRepetitions already achieves good coverage compensation and flexibility.
Proposal 1: For the enhancement of Rel-17 PUSCH repetition type A, unified design is applied to both TDD and FDD.
Proposal 2: Take 32 as the starting point of the maximum number of repetition type A.
Proposal 3: Determine the configurable set of repetition numbers after determining the maximum repetition number.
· Take {1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32} as the starting point of the configurable set of repetition number if the maximum repetition number is 32.
Proposal 4: Do not increase the maximum number of repetitions with repetition factor configured in PUSCH-Config and/or ConfiguredGrantConfig.
Proposal 5: Whether or not a slot is determined as available for UL transmissions depends on RRC configurations and does not depend on dynamic signalling.
· FFS details of RRC configuration.

Reference
[1]. [bookmark: _Ref39749538]RP-202928, New WID on NR coverage enhancements, China Telecom, RAN#90e, December 7th – 11th, 2020.
[2]. [bookmark: _Ref64636111]Chairman's Notes RAN1#104-e, 3GPP TSG RAN WG1 Meeting #104-e, e-Meeting, January 25th – February 5th, 2021.
[3]. [bookmark: _Ref64913421]R1-2100 397, Discussion on enhancements on PUSCH repetition type A, CATT, RAN1#104-e, e-Meeting, January 25th – February 5th, 2021.
[4]. [bookmark: _Ref60753057][bookmark: _GoBack]3GPP TS 38.214, Physical layer procedures for data, v16.5.0, March, 2021.
image2.png
SFI/CI

invalid

* From gNB’s view i i
«  From UE’s view if SFI/Cl is |
successfully decoded -

* From UE’s view if SFI/Cl is
not successfully decoded




image1.png
' SFI/CI :

invalid

* From gNB’s view o
* From UE’s view if SFI/Cl is
successfully decoded -

* From UE’s view if SFI/Cl is
not successfully decoded




