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1. Introduction
As is agreed in NR coverage enhancement work item[1], for Type A PUSCH repetition, there will be two enhancement techniques and both will be supported:
· Option 1: increase the number of repetitions,
· Option 2: count the repetitions based on available slot.
In this contribution, we discuss these two options for Type A PUSCH repetition enhancements, including:
· Maximum number of repetitions for option 1,
· Determination of available slot for Option 2,
· Collision handling for Type A PUSCH repetition transmission in available slot for option 2,
· Determination of RV for option 2, and
· Repetition configuration and repetition option determination.
2. Discussion
2.1 Maximum number of repetitions for Type A PUSCH enhancements option 1
In this section, we investigate the maximum amount of repetitions that can be used for the services that are to be supported by Rel-17 coverage enhancement. One simple bound on the maximum number of actual repetitions (“Kact”) can be determined from the minimum data rate and maximum delay requirements for services that we would like to guarantee coverage for. During the study item, 16 kbps VoIP was the service with the lowest data rate, and so we can use it to scope the maximum number of repetitions to be supported. The table below shows the maximum values of Kact that result in 16 kbps data rate as well as the number of slots that would be needed to contain the Kact PUSCH repetitions. The data rate is calculated as: TBS * slot rate * (TDD UL Fraction) / Kact. The 320-bit TB size and a “DDDSU” TDD pattern are used. This TDD pattern was selected, since it has the maximum TDD UL fraction of 1/5 agreed during the study item. Note that here “TDD UL Fraction” means the number of UL slots divided by the total number of slots in a TDD pattern, while the “TDD Ratio” is the number of total slots divided by the number of uplink slots in the pattern.
	 Scenario
	UL Fraction
	Slot Rate (Hz)
	Maximum Kact 
	# slots needed K

	Lowband (FDD, 15 kHz SCS)
	1
	1000
	20
	20

	Midband (TDD, 30 kHz SCS)
	1/5
	2000
	8
	36

	Highband (TDD, 120 kHz SCS)
	1/5
	8000
	32
	156


From the table, it can be observed that the maximum Kact allowed is 20, 8, and 32 for the low-, mid-, and high band scenarios, respectively. For FDD, the number of actual repetitions can often be the same as the configured maximum number of repetitions K. Since the largest value of K supported by Rel-16 is 16, it is possible to slightly increase K for FDD to 20 while still supporting the minimum 16 kbps requirement. For high band, Kact can be as large as 32 while meeting the 16 kbps requirement. However, since repetition type A constrains repetitions to be in consecutive slots, the value of K needed to reach 32 actual repetitions scales up by approximately the TDD ratio, in this case to 156 slots. So option 1 would be allowed to have K=156. For mid band, the maximum Kact is less than 16, and so the mid band scenario does not motivate increased actual repetition.
Since the FDD case allows more repetitions to meet the data rate requirement for option 1, the most straightforward approach is to consider only FDD when defining the maximum number of repetitions for Option 1.
Following this logic for FDD, the increased value of K for Option 1 that is justified by the VoIP service configuration in the study item is at most 20. If instead a value of 32 is used, a 10kbps data rate would be delivered. Whether vocoders can operate with sufficient quality and low enough higher layer overhead at this data rate should be considered, preferably including operator input, before a simple solution such as doubling the Rel-16 supported value is adopted.
For option 2, while a maximum value of Kact=32 is consistent with the VoIP service requirements, it is not obviously needed. A repetition factor this high is quite costly in terms of PUSCH resource. Therefore, it may be beneficial to use HARQ on top of a reduced amount of repetition to improve spectral efficiency while still reaping the gains of reduced control overhead from repetition. More concretely, the Rel-16 value of K=16 could be kept when specifying Option 2, and 32 transmissions could be obtained by a single HARQ retransmission of a PUSCH with Kact=16.
[bookmark: _Hlk61611668]Observation 1 & 2:
· An increase beyond the Rel-16 maximum number of repetitions for Type A can be motivated only for 16kbps VoIP applications for FDD at FR1 and for TDD at FR2 based on the assumptions agreed during the coverage enhancement study.
· At most 32 actual repetitions can be supported for FR2 with 120 kHz SCS while meeting the 16 kbps requirement.
· However, using HARQ with, say, 16 repetitions may be a desirable alternative as it can improve spectral efficiency while still achieving high coverage.
· K>8 and K>20 actual repetitions with 30 and 15 kHz SCS, respectively, results in lower data rates than 16 kbps and so 30 kHz does not justify increased Type A actual repetition over Rel-16, while 15 kHz SCS can justify an increase to K=20
· Because Option 1 requires approximately R times more repetitions than Option 2, where R is the number of slots in the TDD pattern over the number of uplink slots, very large values of maximum repetition would be needed for Option 1 to support TDD.

Proposal 1 & 2:
· [bookmark: _Hlk61612013][bookmark: _Hlk71539664]The maximum number of repetitions to be specified for Option 1 is determined assuming FDD is used.
· Values greater than 20 are only considered if RAN1 confirms that the corresponding data rates support vocoder operation with sufficient quality and low enough higher layer overhead.
· The maximum number of actual repetitions to be specified for Option 2 is same as the maximum number of repetitions in Rel-16, i.e. 16.
· The need for increased maximum actual repetitions can be addressed by HARQ retransmissions instead.
2.2 Determination of available slots for option 2
The definition of an available slot was agreed in RAN1#104-e meeting. There are two remaining issues about how and when a UE determines available slots for PUSCH repetition.
	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:
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).
Conclusion:
Discuss further to select one of the following alternatives:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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.



To down select one from the 2 alternatives agreed for Type A PUSCH repetition enhancement in Rel-17, we need to compare their pros and cons. In alternative 1, only RRC signaling is considered for available slot determination. In alternative 2, dynamic signaling will be considered for counting the slot for PUSCH repetition, in which case the UE may fail to receive the dynamic signaling causing the gNB and UE to possibly have different understandings of the availability of a slot. 
A UE, configured by higher layers to transmit PUSCH, transmits PUSCH in semi-static flexible symbols only if they are indicated as UL by dynamic SFI. As an example, assume that a UE receives a configured grant for PUSCH repetitions based on available slots and determines slots a, b, d and e as available slots based on semi-static TDD configuration as shown in Figure 1 (a). Slot c is a flexible slot and is not considered as an available slot by UE with configured grant without dynamic SFI. Prior to the first actual transmission of the repetitions, UE receives a dynamic SFI which indicates slot c as UL. As illustrated in Figure 1 (b), upon receiving dynamic SFI, UE determines slot c as available slot, which replaces slot e. A failure of receiving/decoding dynamic SFI will lead to UE transmission in slot e, which may be scheduled for transmissions from another UE by the network since network assumes slot e is not scheduled for the PUSCH repetition. This is not a problem in Rel-15/16 since the repetition factor is counted based on physical slot and the first and last slot for PUSCH repetition is known. If the UE fails to receive a dynamic SFI which changes one of the slots from semi-static flexible to dynamic UL, UE wastes the opportunity of transmission in the extra slot and there is no change to other slots.
[image: ]
Figure 1, determination of available slots based on semi-static TDD configuration and dynamic SFI in Alt2
Observation 3:
· [bookmark: _Hlk71539612]Dynamic signaling, e.g. dynamic SFI, as a factor of available slot determination, may cause different understandings of the available slots for enhanced Type A PUSCH repetition between UE and gNB, if it is not successfully received by UE.

Proposal 3:
· [bookmark: _Hlk71539698]Adopt Alt 1 for determination of the available slot for Type PUSCH repetition enhancement option 2.
Another issue is when UE should determine available slots, according to either Alt-a or Alt-b. Alt-b allows the UE to adjust the selected slots during the transmission. If the available slots are only determined based on semi-static TDD UL/DL configuration, there’s no need to consider Alt-b which is mainly used for the case when considering dynamic signaling to determine the available slots.
Proposal 4:
· [bookmark: _Hlk71539691]The determination of all the available slots has to be done before the first repetition, i.e. select Alt-a. 
2.3 Omission rule for Type A PUSCH repetition transmission in available slots for option 2
In Rel-15 and Rel-16, after UE determines slots for the transmission of PUSCH repetitions, some repetitions may be omitted due to collision with other UL transmissions from this UE, e.g. those with higher physical priority, or a transmission from other UE signaled by cancellation indication (CI).  A similar omission rule can be considered for enhanced PUSCH repetition based on available slots.
Specifically, UE first determines available slots for PUSCH repetition based on RRC configurations as we discussed in the previous section. If CI or a grant of other UL transmission from the UE with higher priority is received either prior to transmission of the first repetition or during the transmission of PUSCH repetitions, which indicates one of the available slots is to be preempted, UE cancels the transmission of PUSCH repetition in this slot. As illustrated in Figure 2, UE determines slot a, b, c and d as available slots for PUSCH repetition based on semi-static TDD configuration. Then CI is received, which signals slot c is to be preempted, UE cancels transmission in this slot c.
[image: ]
Figure 2, transmission of PUSCH repetition cancelled in colliding slot signaled by CI
Proposal 5:
· [bookmark: _Hlk71539710]If CI or a grant of other UL transmission from the UE with higher priority is received either prior to transmission of the first repetition or during the transmission of PUSCH repetitions, which indicates one of the available slots is to be preempted, UE cancels the transmission of PUSCH repetition in this slot.
In Rel-15 and Rel-16, a UE which receives UL grant indicated by DCI determines available slots for transmission only based on semi-static TDD configuration and considers flexible symbols as available. It is an error case if dynamic SFI indicates one of the flexible symbols as DL. The same rule on error case can be reused for PUSCH repetition option 2 so that UE doesn’t expect to cancel transmission due to dynamic SFI.
Proposal 6:
· [bookmark: _Hlk71539718]It is an error case if dynamic SFI indicates one of the flexible symbols as DL, which is scheduled by DCI for PUSCH repetition option 2.

[bookmark: OLE_LINK3]In NR Rel-17, on top of the Type A PUSCH repetition enhancement option 2, enhancements of SPS HARQ-ACK, A-SRS are discussed in NR IIoT and URLLC WI and FeMIMO WI respectively. The transmission of all these UL channels and signal can be on the basis of available UL slots. As we know SPS HARQ-ACK can be multiplexed to time-overlapping PUSCH if they are of the same physical priority index and timeline check passes. Otherwise, they have to be transmitted separately. SRS can’t be transmitted simultaneously with PUSCH. Therefore, it needs to be solved on how UE handles the collision if one particular slot is determined as available slot for multiple time-overlapping UL channels/signals. Similar solution based on priority can be reused. Namely define the priority of the multiple UL transmissions, for example based on physical layer priority, the time order of corresponding UL grants. UE only transmits the channel/signal with the highest priority in overlapping symbols in the slot. 
Proposal 7:
· [bookmark: _Hlk71539726]For the case that one particular slot is determined as available slot for multiple time-overlapping UL channels/signals (type A PUSCH repetition enhancement option 2, A-SRS, SPS HARQ-ACK), RAN1 to define the priority of the multiple time-overlapping UL transmissions. UE only transmits the channel/signal with the highest priority in overlapping symbols in the slot. 
2.4 Determination of RV for option 2
RV cycling is supported in PUSCH repetition Type A and Type B with a little difference. For PUSCH repetition Type A, RVs cycle among the consecutive physical slots. The DL slots and other slots in which UE cancels the transmission are also counted for RV. But RV cycling of PUSCH repetition Type B is based on actual repetition. 
The enhanced Type A PUSCH repetition option 2 is based on available slot, RV cycling can be based on available slots determined based on RRC configuration as mentioned in section 2.2. In this way, if transmission in a slot is cancelled due to collision handling, it doesn’t change the RV determination to avoid the potential misalignment of the RV of different repetitions between gNB side and UE side, since the cancellation may be understood differently by gNB and UE.
Proposal 8:
· [bookmark: _Hlk71539732]RV cycling of Type A PUSCH repetition option 2 is based on available slots.
2.5 Repetition configuration and repetition option determination
Regarding configuration of increased number of repetitions for enhanced PUSCH repetition Type A, below agreements were reached in RAN1#104-e meeting.
	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.



In NR R16, the number of repetitions is configured in the PUSCH time domain allocation list.
	PUSCH-TimeDomainResourceAllocation-r16 ::=  SEQUENCE {
    k2-r16                                     INTEGER(0..32)          OPTIONAL,   -- Need S
    puschAllocationList-r16                    SEQUENCE (SIZE(1..maxNrofMultiplePUSCHs-r16)) OF PUSCH-Allocation-r16,
...
}

PUSCH-Allocation-r16 ::=  SEQUENCE {
    mappingType-r16                           ENUMERATED {typeA, typeB}                     OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbolAndLength-r16                  INTEGER (0..127)                              OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbol-r16                           INTEGER (0..13)                               OPTIONAL,   -- Cond RepTypeB
    length-r16                                INTEGER (1..14)                               OPTIONAL,   -- Cond RepTypeB
    numberOfRepetitions-r16                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16} OPTIONAL,   -- Cond Format01-02
    ...
}



To support extended number of repetitions in Option 1, and to minimize the specification impact, a similar way can be applied to define a Rel-17 time domain allocation list. For example, additional maximum repetitions can be appended to the Rel-16 time domain allocation list:
	PUSCH-Allocation-r17 ::=  SEQUENCE {
    mappingType-r17                           ENUMERATED {typeA, typeB}                     OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbolAndLength-r17                  INTEGER (0..127)                              OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    numberOfRepetitions-r17                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n18, n20} OPTIONAL,   -- Cond Format01-02-And-RepTypeA
    ...
}



Proposal 9:
· [bookmark: _Hlk71539742]Define extended number of repetitions in a time domain allocation list for Rel-17 similar to the dynamic repetition factor indication in Rel-16.
Another issue is how to determine different options of Type A repetition. In NR Rel-16, the repetition type indication is signaled for different DCI formats as is shown in following RRC signaling in PUSCH-Config.
	PUSCH-Config ::=                        SEQUENCE {
…
    pusch-RepTypeIndicatorDCI-0-2-r16                       ENUMERATED { pusch-RepTypeA, pusch-RepTypeB}  OPTIONAL,  -- Need R
    pusch-RepTypeIndicatorDCI-0-1-r16                 ENUMERATED { pusch-RepTypeA, pusch-RepTypeB}        OPTIONAL,   -- Need R
…
}                                          


Similar to the semi-static repetition type indication in Rel-16, a selection of one of the two Type A repetition options can be semi-statically signaled in the PUSCH-Config directly. Considering both the legacy repetition Type A and the two enhanced options, we will have three options in total for Type A repetition. As an example, following signaling can be applied to indicate one of the 3 options for Type A repetition scheduled by 2 UE specific DCI formats, where RepTypeA, RepTypeA1, and RepTypeA2 are for legacy repetition Type A, option 1 repetition Type A and option 2 repetition Type A respectively.
	
PUSCH-Config ::=                        SEQUENCE {
…
    pusch-RepTypeIndicatorDCI-0-1-r17                       ENUMERATED { pusch-RepTypeA, pusch-RepTypeA1, pusch-RepTypeA2}  OPTIONAL,  -- Cond RepTypeA
    pusch-RepTypeIndicatorDCI-0-2-r17                       ENUMERATED { pusch-RepTypeA, pusch-RepTypeA1, pusch-RepTypeA2}  OPTIONAL,  -- Cond RepTypeA
…
}



Proposal 10:
· [bookmark: _Hlk71539747]RAN1 to further discuss how to indicate different options of Type A PUSCH repetition.
3 Summary
In this contribution, we discuss the two options for Type A PUSCH repetition enhancements.
We have following observations based on the discussions.
Observations:
1. An increase beyond the Rel-16 maximum number of repetitions for Type A can be motivated only for 16kbps VoIP applications for FDD at FR1 and for TDD at FR2 based on the assumptions agreed during the coverage enhancement study.
· At most 32 actual repetitions can be supported for FR2 with 120 kHz SCS while meeting the 16 kbps requirement.
· However, using HARQ with, say, 16 repetitions may be a desirable alternative as it can improve spectral efficiency while still achieving high coverage.
· K>8 and K>20 actual repetitions with 30 and 15 kHz SCS, respectively, results in lower data rates than 16 kbps and so 30 kHz does not justify increased Type A actual repetition over Rel-16, while 15 kHz SCS can justify an increase to K=20
2. Because Option 1 requires approximately R times more repetitions than Option 2, where R is the number of slots in the TDD pattern over the number of uplink slots, very large values of maximum repetition would be needed for Option 1 to support TDD.
3. Dynamic signaling, e.g. dynamic SFI, as a factor of available slot determination, may cause different understandings of the available slots for enhanced Type A PUSCH repetition between UE and gNB, if it is not successfully received by UE.
Based on the observations and discussions, we have following proposals.
Proposals:
1. The maximum number of repetitions to be specified for Option 1 is determined assuming FDD is used.
· Values greater than 20 are only considered if RAN1 confirms that the corresponding data rates support vocoder operation with sufficient quality and low enough higher layer overhead.
2. The maximum number of actual repetitions to be specified for Option 2 is same as the maximum number of repetitions in Rel-16, i.e. 16.
· The need for increased maximum actual repetitions can be addressed by HARQ retransmissions instead.
3. Adopt Alt 1 for determination of the available slot for Type PUSCH repetition enhancement option 2.
4. The determination of all the available slots has to be done before the first repetition, i.e. select Alt-a.
5. If CI or a grant of other UL transmission from the UE with higher priority is received either prior to transmission of the first repetition or during the transmission of PUSCH repetitions, which indicates one of the available slots is to be preempted, UE cancels the transmission of PUSCH repetition in this slot.
6. It is an error case if dynamic SFI indicates one of the flexible symbols as DL, which is scheduled by DCI for PUSCH repetition option 2.
7. For the case that one particular slot is determined as available slot for multiple time-overlapping UL channels/signals (type A PUSCH repetition enhancement option 2, A-SRS, SPS HARQ-ACK), RAN1 to define the priority of the multiple time-overlapping UL transmissions. UE only transmits the channel/signal with the highest priority in overlapping symbols in the slot.
8. RV cycling of Type A PUSCH repetition option 2 is based on available slots.
9. Define extended number of repetitions in a time domain allocation list for Rel-17 similar to the dynamic repetition factor indication in Rel-16.
10. RAN1 to further discuss how to indicate different options of Type A PUSCH repetition.
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