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1. Introduction
In RAN#90e, the following 2 objectives have been approved for NR coverage enhancement work item in NR Rel-17 for PUSCH:
· Specification of PUSCH enhancements [RAN1, RAN4]
· 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 this contribution, we discuss the two components of Type A PUSCH repetition enhancements from the agreement above, labeling them as Option 1 and Option 2. We consider aspects, including:
· Maximum number of repetitions 
· Repetition configuration and repetition option determination
· Ways to identify actual repetitions for Option 2.
2. Discussion
In Rel-15/16, PUSCH repetition Type A allows a single repetition in each slot, with each repetition occupying the same L symbols. In Rel-15 the number of PUSCH repetitions Type A is semi-statically configured to be 2, 4, or 8. In Rel-16, the number of PUSCH repetitions K is dynamically indicated in the time domain allocation list with row index indicated in DCI, and the maximum number is increased to 16. 
2.1 Maximum number of repetitions 
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 are used. 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 
(For Option 2)
	# slots needed K
(For Option 1)

	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 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 require K=156, while option 2 would require Kact =32. For mid band, the maximum Kact is less than 16, and so the mid band scenario does not motivate increased repetition.
Since the TDD ratio drives very different numbers for Kact and K, Options 1 and 2 may need very different maximum values for the number of repetitions. The most straightforward approach is to consider only FDD when defining the maximum number of repetitions for Option 1, while including TDD when defining the value for option 2.
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]Observations:
· 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.

Proposals:
· [bookmark: _Hlk61612013]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.
· RAN1 to further study and discuss the need of increasing the maximum number of actual repetitions to be specified for Option 2 beyond 16.
· The maximum number of actual repetitions corresponds to no lower than a 16 kbps data rate, unless RAN1 identifies a lower data rate that support vocoder operation with sufficient quality and low enough higher layer overhead.
· The need for increased maximum actual repetitions addresses that HARQ can be used with a repetition factor of 16.
2.2 Repetition configuration and repetition option determination
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
[bookmark: OLE_LINK22]    numberOfRepetitions-r17                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n18, n20} OPTIONAL,   -- Cond Format01-02-And-RepTypeA
    ...
}



Proposal:
· 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 2 Type A repetition options can be semi-statically signaled in the PUSCH-Config directly. Considering both the legacy repetition Type A and the 2 enhanced options, we will have 3 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:
· RAN1 to further discuss how to indicate different options of Type A PUSCH repetition.
2.3 Actual repetition determination for option 2
For Type A PUSCH repetition in R16, in case of TDD, there could be less than K contiguous UL slots due to that there could be DL slots and special slots with less than L scheduled UL symbols among the K slots, and these unavailable slots are omitted and not used for repetitions. Furthermore, when a PUSCH repetition overlaps with other channels with same or different priority indexes, the PUSCH repetition may also be omitted according to conditions specified in clause 9 of 38.213 V16.4.0. Therefore the number of PUSCH repetitions that UE actually transmits is likely to be less than K and the coverage performance of PUSCH will be significantly degraded. 
In TDD operation, for example, with TDD UL/DL pattern “DDDSU”, the configuration of a number of K=32 repetitions gives seven actual PUSCH repetitions. This means that a large value of configured repetitions such as 32 will have considerably worse performance than where e.g. half the number of actual repetitions is used, as shown below in Figure 1. Note that detailed simulation assumptions can be found in Table 1 in Appendix 1. For the considered typical TDD pattern, introducing support for Option 2 with 16 actual repetitions can give 3–4 dB better link level performance than increasing the maximum supported number of Type A nominal repetitions to K = 32.
Observations:
· For the considered typical TDD pattern, introducing support for Option 2 with 16 actual repetitions, according to link-level simulations, gives 3–4 dB better performance than increasing the maximum supported number of Type A nominal repetitions to 32.
[image: ]
Figure 1:Example of gains from using 16 actual repetitions over 7 actual repetitions (K = 32)
It is also worth observing that HARQ-based retransmission in NR can be an alternative to, or complement, multiple PUSCH repetitions, at the cost of additional DCI signaling and latency.
With Type A repetition Option 2, the UE counts on the basis of available UL slots. Therefore it guarantees that K PUSCH repetitions are transmitted. However, it may cause uncertainty on the last slot of the transmission and latency. As the latency and the slots the repetitions span are not directly represented by K, gNB needs to strike a balance between PUSCH repetition performance and the latency.
For a fixed number of repetitions scheduled, the latency is determined by how the unavailable slots are determined and omitted. One simple way is that the actual repetitions are determined based on the omission rule of Rel-15/16 PUSCH repetition Type A, i.e. the omitted slots are unavailable UL slots and will not be counted for an actual repetition. Starting from the first scheduled slot, the UE searches for a number of slots until all K available slots are found. An example is illustrated in Figure 2, there are less than L UL symbols in slot n+1 and it is not counted. The last slot of K available PUSCH repetitions is postponed to slot n+K.


[bookmark: _Ref61615077]Figure 2: Option 2, PUSCH repetition Type A on the basis of available UL slots
Reusing the omission rule in R16 for type A actual repetition determination may use more UL resource or increase latency as some of the less-than-L UL symbols, e.g. the UL symbols in slot n+1 shown in Figure 2, are omitted even if they can still be used for transmitting at least part of the code block for a TB. However, the number of extra symbols that are available in the smaller slot needs to be sufficiently for there to be a benefit, which is reduced by DMRS overhead. Furthermore, if a large number of repetitions is used, then the total gain from the less-than-L symbols slot will reduce if it is not frequent enough. Lastly, while it was proposed, enhancement to Type B repetition was not agreed for the coverage enhancement work item, and given its similarity to Type B, it is not clear that the use of slots with a varying number of PUSCH symbols is within the scope of the WI.
Observations:
· Reusing the omission rules of Type A PUSCH repetition for counting the number of actual repetitions in option 2 may not make full use of all resources, but will have greater complexity and specification impact.
· Sufficient gains of supporting a varying number of PUSCH symbols per actual repetition should be clear for use cases agreed for coverage enhancement.
Proposal:
· As a baseline, actual repetitions for option 2 contain the same number of PUSCH symbols.

3 Summary
In this contribution, we discuss the 2 options for Type A PUSCH repetition enhancements.
We have following observations based on the discussions.
Observations:
· 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.
· For the considered typical TDD pattern, introducing support for Option 2 with 16 actual repetitions, according to link-level simulations, gives 3–4 dB better performance than increasing the maximum supported number of Type A nominal repetitions to 32.
· Reusing the omission rules of Type A PUSCH repetition for counting the number of actual repetitions in option 2 may not make full use of all resources, but will have greater complexity and specification impact.
· Sufficient gains of supporting a varying number of PUSCH symbols per actual repetition should be clear for use cases agreed for coverage enhancement.
Based on the observations and discussions, we have following proposals.
Proposals:
· 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.
· RAN1 to further study and discuss the need of increasing the maximum number of actual repetitions to be specified for Option 2 beyond 16.
· The maximum number of actual repetitions corresponds to no lower than a 16 kbps data rate, unless RAN1 identifies a lower data rate that support vocoder operation with sufficient quality and low enough higher layer overhead.
· The need for increased maximum actual repetitions addresses that HARQ can be used with a repetition factor of 16.
· Define extended number of repetitions in a time domain allocation list for Rel-17 similar to the dynamic repetition factor indication in Rel-16.
· RAN1 to further discuss how to indicate different options of Type A PUSCH repetition.
· As a baseline, actual repetitions for option 2 contain the same number of PUSCH symbols.
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[bookmark: _GoBack]Table 1: Basic setup of LLS for PUSCH repetition simulations
	System
	Carrier frequency 4 GHz
30 kHz SCS
TDD, DL/UL pattern DDDSU
273 PRBs BWP size

	UE speed
	3 kph

	Payload
	MCS 0, 4 PRBs, 14 Symbols, 2 DMRS symbols

	Channel
	TDL-C (NLoS), 30 ns delay spread, medium correlation

	Antennas
	1T4R

	Receiver
	Practical channel estimation, with Genie Doppler / frequency error estimation
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