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1	Introduction
[bookmark: _Hlk86953753]In Rel-16, the periodicity of a SPS configuration can be as short as one slot. Furthermore, up to 8 SPS configurations can be active at the same time. If the PUCCH resources for the SPS PDSCH uses a PUCCH format with repetition, then there is no procedure in the existing specification to handle it.
In this contribution, we discuss the issues and proposes a text proposal to handle it.
2	Discussion
[bookmark: _Hlk86953775]2.1 	Background
DL SPS has been enhanced in Rel-16, compared to Rel-15:
· In Rel-15, there is at most a single active SPS configuration. Also the minimum SPS periodicity is 10ms. Thus the HARQ-ACK transmission for SPS PDSCH is sparse.
· Even when the PUCCH format is configured with the maximum number of repetitions of 8, the PUCCHs carrying HARQ-ACK for consecutive SPS PDSCHs do not overlap. Thus no specification text was needed to address overlapping PUCCHs for HARQ-ACK of consecutive SPS PDSCHs.
· In Rel-16, there can be up to 8 DL SPS configurations. Furthermore, the minimum SPS periodicity is lowered to 1 slot. Thus the HARQ-ACK transmission for SPS PDSCH in Rel-16 can be tens or hundreds of times more frequent than that of Rel-15.
· If the PUCCH format for SPS HARQ-ACK is configured with repetition, including the minimum number of repetitions of 2, it can happen that PUCCHs carrying HARQ-ACK of adjacent SPS PDSCHs overlap.

The following specification text in 38.213 was from Rel-15, and it only considered PUCCH repetition overlapping due to HARQ-ACK for dynamically scheduled PDSCH. It is not adequate to cover the PUCCH repetition overlapping issue due to Rel-16 enhanced DL SPS.
	TS 38.213 V16.8.0
9.2.6	PUCCH repetition procedure
…
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 
…



The text above means that the UE should take action when there is overlapping PUCCH repetitions, i.e., not an error case. However, it is not clear what the UE behavior should be when considering Rel-16 DL SPS. Due to the recurring HAR-ACK to DL SPS configurations, it’s unclear what “first PUCCH”, “second PUCCH”, “earlier slot”, “later slot” refer to. Thus there is the danger that gNB and UE have different understanding about the UE behavior, and the HARQ-ACK procedure for Rel-16 DL SPS would fail. 

2.2 	Problems and Solutions
In a SPS configuration the periodicity can be as short as one slot, see the RRC parameter periodicityExt-r16  in the Appendix.
If the PUCCH resource used for SPS PDSCH HARQ-ACK is configured with a number of repetitions larger than the periodicity (in unit of slot), then there exist overlapping PUCCH for SPS HARQ-ACK. One example is illustrated in Figure 1 below.

[image: ]
[bookmark: _Ref86881737]Figure 1. Example of problematic configuration of HARQ-ACK repetition for SPS PDSCH. Periodicity of the SPS configuration = 1 slot. Number of repetitions for the HARQ-ACK PUCCH resources = 2.

To eliminate this issue, a configuration restriction can be imposed, such that the periodicity (in unit of slot) is greater than or equal to the number of repetitions for PUCCH of SPS HARQ-ACK. This is illustrated with an example in Figure 2.
[image: ]
[bookmark: _Ref86881858]Figure 2. Example of acceptable configuration of HARQ-ACK repetition for SPS PDSCH. Periodicity of the SPS configuration = 2 slot. Number of repetitions for the HARQ-ACK PUCCH resources = 2.

Considering there is a list of PUCCH resources for SPS HARQ-ACK (see SPS-PUCCH-AN-List-r16  in the Appendix), and there are multiple SPS configurations in Rel-16 the simplest way is to require that the shortest periodicity (in unit of slots) among all the active SPS configurations is larger than the largest number of repetitions (RRC parameter nrofSlots) associated with the PUCCH format(s) used in SPS-PUCCH-AN-List-r16.

In summary, we propose:
[bookmark: _Toc71663057][bookmark: _Toc86953998]The shortest periodicity (in unit of slots) among all the active SPS configurations is larger than the largest number of repetitions (RRC parameter nrofSlots) associated with the PUCCH formats used in SPS-PUCCH-AN-List-r16. 

[bookmark: _Hlk86999720]When considering multiple SPS configurations, more complicated overlapping scenarios exist when the HARQ-ACK PUCCHs of different SPS configurations overlap due to repetition across slots. An example is shown in Figure 3 below. Even though there is no overlapping HARQ-ACK PUCCH for one SPS configuration, collision happens between HARQ-ACK PUCCHs of two SPS configurations.

[image: ]
[bookmark: _Ref86952977]Figure 3. Example of problematic configuration of HARQ-ACK repetition for PDSCH of two SPS configurations. Periodicity of the both SPS configurations = 2 slot. Number of repetitions for the HARQ-ACK PUCCH resources = 2 for both SPS configurations. 

To resolve the overlapping HARQ-ACK PUCCH repetitions due to multiple SPS configurations with unaligned starting slots of HARQ-ACK PUCCH, further configuration restriction need to be imposed. Thus, we propose the following.

[bookmark: _Toc86953999]When the UE is provided SPS-PUCCH-AN-List andnrofSlots >1 for one or more of the associated PUCCH resources, the UE does not expect the first PUCCH transmission to overlap with the second PUCCH transmission, where the first PUCCH transmission is for the HARQ-ACK of a first active SPS configuration, the second PUCCH transmission is for the HARQ-ACK of a second active SPS configuration, and the first PUCCH transmission starts in an earlier slot than the second PUCCH transmission.

A text proposal is provided below to reflect the proposals.
[bookmark: _Toc86954000]Adopt the text proposal to resolve the overlapping PUCCH repetitions for SPS PDSCH HARQ-ACK.

	===============     Start of TP to TS 38.213 V16.8.0  ================
[bookmark: _Toc12021483][bookmark: _Toc20311595][bookmark: _Toc26719420][bookmark: _Toc29894855][bookmark: _Toc29899154][bookmark: _Toc29899572][bookmark: _Toc29917309][bookmark: _Toc36498183][bookmark: _Toc45699210][bookmark: _Toc83289682]9.2.6	PUCCH repetition procedure
For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. If a UE is provided a PUCCH-config that includes subslotLengthForPUCCH, the UE does not expect the PUCCH-config to include nrofSlots.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 
…
<Unchanged parts are omitted>
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 
A UE does not expect a PUCCH that is in response to a DCI format detection to overlap with any other PUCCH that does not satisfy the corresponding timing conditions in clause 9.2.5.
[bookmark: _Hlk86951946]If the UE is provided SPS-PUCCH-AN-List, the UE does not expect the smallest periodicityExt-r16 of the activated SPS configuration(s) to be smaller than the largest nrofSlots associated with the PUCCH resources in SPS-PUCCH-AN-List. 
When the UE is provided SPS-PUCCH-AN-List and nrofSlots >1 for one or more of the associated PUCCH resources, the UE does not expect the first PUCCH transmission to overlap with the second PUCCH transmission, where the first PUCCH transmission is for the HARQ-ACK of a first active SPS configuration, the second PUCCH transmission is for the HARQ-ACK of a second active SPS configuration, and the first PUCCH transmission starts in an earlier slot than the second PUCCH transmission.
===================     End of TP to TS 38.213 V16.7.0  ========================



Conclusion
In the section above we discussed the problem and potential solutions related to overlapping PUCCH repetitions for SPS PDSCH HARQ-ACK. The following proposals are made:
Proposal 1	The shortest periodicity (in unit of slots) among all the active SPS configurations is larger than the largest number of repetitions (RRC parameter nrofSlots) associated with the PUCCH formats used in SPS-PUCCH-AN-List-r16.
Proposal 2	When the UE is provided SPS-PUCCH-AN-List andnrofSlots >1 for one or more of the associated PUCCH resources, the UE does not expect the first PUCCH transmission to overlap with the second PUCCH transmission, where the first PUCCH transmission is for the HARQ-ACK of a first active SPS configuration, the second PUCCH transmission is for the HARQ-ACK of a second active SPS configuration, and the first PUCCH transmission starts in an earlier slot than the second PUCCH transmission.
Proposal 3	Adopt the text proposal to resolve the overlapping PUCCH repetitions for SPS PDSCH HARQ-ACK.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TS 38.213 V16.6.0 (2021-06), “Physical layer procedures for control (Release 16)”.


Appendix. RRC Configurations
PUCCH-Config information element
PUCCH-Config ::=                        SEQUENCE {
…
    format1                                 SetupRelease { PUCCH-FormatConfig }                                   OPTIONAL, -- Need M
    format2                                 SetupRelease { PUCCH-FormatConfig }                                   OPTIONAL, -- Need M
    format3                                 SetupRelease { PUCCH-FormatConfig }                                   OPTIONAL, -- Need M
    format4                                 SetupRelease { PUCCH-FormatConfig }                                   OPTIONAL, -- Need M
…
}

PUCCH-FormatConfig ::=                  SEQUENCE {
    interslotFrequencyHopping               ENUMERATED {enabled}                                                  OPTIONAL, -- Need R
    additionalDMRS                          ENUMERATED {true}                                                     OPTIONAL, -- Need R
    maxCodeRate                             PUCCH-MaxCodeRate                                                     OPTIONAL, -- Need R
    nrofSlots                               ENUMERATED {n2,n4,n8}                                                 OPTIONAL, -- Need S
    pi2BPSK                                 ENUMERATED {enabled}                                                  OPTIONAL, -- Need R
    simultaneousHARQ-ACK-CSI                ENUMERATED {true}                                                     OPTIONAL  -- Need R
}


PUCCH-Resource ::=                      SEQUENCE {
    pucch-ResourceId                        PUCCH-ResourceId,
    startingPRB                             PRB-Id,
    intraSlotFrequencyHopping               ENUMERATED { enabled }                                                OPTIONAL, -- Need R
    secondHopPRB                            PRB-Id                                                                OPTIONAL, -- Need R
    format                                  CHOICE {
        format0                                 PUCCH-format0,
        format1                                 PUCCH-format1,
        format2                                 PUCCH-format2,
        format3                                 PUCCH-format3,
        format4                                 PUCCH-format4
    }
}


SPS-Config information element
SPS-Config ::=                  SEQUENCE {
    periodicity                     ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,
                                                        spare6, spare5, spare4, spare3, spare2, spare1},
    nrofHARQ-Processes              INTEGER (1..8),
    n1PUCCH-AN                      PUCCH-ResourceId                                                                OPTIONAL,   -- Need M
    mcs-Table                       ENUMERATED {qam64LowSE}                                                         OPTIONAL,   -- Need S
    ...,
    [[
    sps-ConfigIndex-r16             SPS-ConfigIndex-r16                                                             OPTIONAL,   -- Cond SPS-List
    harq-ProcID-Offset-r16          INTEGER (0..15)                                                                 OPTIONAL,   -- Need R
    periodicityExt-r16              INTEGER (1..5120)                                                               OPTIONAL,   -- Need R
    harq-CodebookID-r16             INTEGER (1..2)                                                                  OPTIONAL,   -- Need R
    pdsch-AggregationFactor-r16     ENUMERATED {n1, n2, n4, n8 }                                                    OPTIONAL    -- Need S
    ]]
}

	periodicityExt
This field is used to calculate the periodicity for DL SPS (see TS 38.214 [19] and see TS 38.321 [3], clause 5,8.1). If this field is present, the field periodicity is ignored.
The following periodicities are supported depending on the configured subcarrier spacing [ms]:
15 kHz:	periodicityExt, where periodicityExt has a value between 1 and 640.
30 kHz:	0.5 x periodicityExt, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP.	0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560.
120 kHz:	0.125 x periodicityExt, where periodicityExt has a value between 1 and 5120.



SPS-PUCCH-AN information element
SPS-PUCCH-AN-r16  ::=           SEQUENCE {
    sps-PUCCH-AN-ResourceID-r16     PUCCH-ResourceId,
    maxPayloadSize-r16              INTEGER (4..256)                     OPTIONAL    -- Need R
}

SPS-PUCCH-AN-List information element
[bookmark: _Hlk86882977]SPS-PUCCH-AN-List-r16 ::=      SEQUENCE (SIZE(1..4)) OF SPS-PUCCH-AN-r16
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…

HARQ-ACK for SPS PDSCH0 rep0 rep1

HARQ-ACK for SPS PDSCH1 rep0 rep1

HARQ-ACK for SPS PDSCH2 rep0 rep1

HARQ-ACK for SPS PDSCH3 rep0 rep1
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HARQ-ACK for SPS PDSCH0 rep0 rep1

HARQ-ACK for SPS PDSCH1 rep0 rep1

HARQ-ACK for SPS PDSCH2 rep0 rep1
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SPS configuration #0

slot index j j+1 j+2 j+3 j+4 j+5 j+6

SPS PDSCH PDSCH0 PDSCH1 PDSCH2
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HARQ-ACK for SPS Config0 PDSCH0 rep0 rep1

HARQ-ACK for SPS Config0 PDSCH1 rep0 rep1

HARQ-ACK for SPS Config0 PDSCH2 rep0 rep1

SPS configuration #1
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HARQ-ACK for SPS Config1 PDSCH0 rep0 rep1

HARQ-ACK for SPS Config1 PDSCH1 rep0 rep1

HARQ-ACK for SPS Config1 PDSCH2 rep0 rep1
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