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Introduction

This contribution intends to discuss remaining issues on Msg4 ACK repetition and provides the corresponding TPs for discussion and approval.
Discussion
RAN2 has agreed to support higher layer signalling for Msg4 PUCCH ACK repetition as requested by RAN1, while currently the signalling to provide configuration of Msg4 PUCCH ACK repetition is missing in RRC specs. 

Observation 1: The signalling to provide configuration of Msg4 PUCCH ACK repetition as requested by RAN1 is missing in RRC specs. 
In [1], RAN1 has provide below higher layer parameters needed for UE to perform Msg4 HARQ ACK repetition:

	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	Required for initial access or IDLE/INACTIVE

	numberOfPUCCHforMsg4HARQACK-RepetitionsList
	New
	numberOfPUCCHforMsg4HARQACK-RepetitionsList
	Indicates the number of repetitions for PUCCH transmission for Msg4 HARQ-ACK. If multiple values are configured, a single value from the configured values is indicated in DCI.
	One or more of {1,2,4,8} except for {1}
	NA
	Per cell
	Yes

	rsrp-ThresholdPUCCHforMsg4HARQACK
	New
	rsrp-ThresholdPUCCHforMsg4HARQACK
	If this parameter is configured, and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold indicated by this parameter.
If this parameter is not configured,and numberOfPUCCHforMsg4HARQACK-RepetitionsList is provided, UE capable of PUCCH repetition for Msg4 HARQ-ACK  reports the capability of PUCCH repetition for Msg4 HARQ-ACK
	RSRP-range
	NA
	Per cell
	Yes


As indicated in above table, the parameters is provided in a per cell granularity and applicable for initial access, therefore system information is more suitable to provide such information.

Observation 2: RAN1 agreed to provide numberOfPUCCHforMsg4HARQACK-RepetitionsList and  rsrp-ThresholdPUCCHforMsg4HARQACK per cell for UE to perform Msg4 HARQ-ACK repetition in idle/inactive (e.g., initial access), which is more suitable to be provided in system information.
The remaining discussion point is on which SIB to provide this information. One candidate is SIB1 since the configuration is only used for RACH while the other candidate is SIB19. Considering this parameters is only applicable for NTN, it is slightly preferred to use SIB19 to provide the configurations for Msg4 HARQ-ACK repetition.

Observation 3: SIB19 is preferred considering the Msg4 HARQ-ACK repetition is only applicable in NTN.
Based on on above observations, below proposal is made:
Proposal 1: SIB19 is used to signalled numberOfPUCCHforMsg4HARQACK-RepetitionsList and rsrp-ThresholdPUCCHforMsg4HARQACK as indicated in R2-2400031.

Furthermore, RAN1 has reached agreements on usage as RSRP threshold as below:

	RAN1 Agreements

The working assumption at the RAN1#112 meeting is superseded by the following agreement:

For PUCCH repetition for Msg4 HARQ-ACK,

•
A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.

o
If the RSRP threshold is configured,

-
UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold.

o
If the RSRP threshold is not configured,

-
UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK

o
Alt B: New RSRP threshold is introduced.

-
Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.

-
The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.

FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value

•
Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report

•
Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements

Agreement

For RSRP threshold to determine whether capability of PUCCH repetition on common PUCCH resources is reported or not, 

•
Option 1: the RSRP threshold is signaled as an absolute value, i.e. not as a relative value to RSRP threshold for R17 Msg3 repetition

RP-232665  Offline discussion summary on Rel-18 NR-NTN PUCCH enhancements for Msg4 HARQ-ACK           NTT DOCOMO

Conclusion: proposal on slide 4 is endorsed.

• PUCCH repetition discussed in Rel-18 NR NTN coverage enhancement is supported for the PUCCH transmissions when dedicated PUCCH resource configuration is not provided

• No additional RAN1 work to support this behavior is assumed

• It is confirmed that DAI field for dynamic indication of repetition factor can indicate '1' when multiple values configured by the gNB for repetition factors include '1'

• FG 44-1 is used to indicate the support of this feature


Based on above for UE capable of Msg4 HARQ-ACK repetition, it is expected to report UE capability in Msg3 when RSRP is not configured or when RSRP is lower than configured RSRP which shall be capture in MAC specs. 

Observation 4: RAN1 agreed that UE capable of Msg4 HARQ-ACK repetition is only expected to report the capability in Msg3 when rsrp-ThresholdPUCCHforMsg4HARQACK is not configured or when measured RSRP is lower than configured rsrp-ThresholdPUCCHforMsg4HARQACK, which shall be capture in MAC specs.

In current MAC specs UE capability report of Msg4 HARQ-ACK repetition is implicit by use new LCID filed agreed, therefore it is proposed to capture in MAC specs UE use LX filed to indicate its support of Msg4 HARQ-ACK repetition when rsrp-ThresholdPUCCHforMsg4HARQACK is not configured or UE measured RSRP is lower than rsrp-ThresholdPUCCHforMsg4HARQACK.

There are two methods to capture above behavior in MAC specs: one is to have a separate subclause for UE to determine whether to use the new LCID codepoints for PUCCH repetition of Msg4 HARQ-ACK, another is to capture in a note in table Table 6.2.1-2c: Values of LCID for UL-SCH when the LX field is set to 1. A note could be more simpler and follows current MAC specs drafting rules, therefore it is proposed to use a note to capture this behavior.
Proposal 2: Capture in a note in Table 6.2.1-2c of MAC specs that for UE capable of Msg4 HARQ-ACK repetition, it uses LCID codepoints corresponding to PUCCH repetition of Msg4 HARQ-ACK when rsrp-ThresholdPUCCHforMsg4HARQACK is not configured or when measured RSRP is lower than configured rsrp-ThresholdPUCCHforMsg4HARQACK.
TPs for P1 and P2 is attached in the annexes, it is proposed RAN2 to discuss and agree on the TPs provided. 

Proposal 3: RAN2 discuss and agreed on TPs of P1 and P2 provided in Annexes.
Conclusion and proposals

Based on above analysis, we have the following observations and proposal: 
Observation 1: The signalling to provide configuration of Msg4 PUCCH ACK repetition as requested by RAN1 is missing in RRC specs.
Observation 2: RAN1 agreed to provide numberOfPUCCHforMsg4HARQACK-RepetitionsList and  rsrp-ThresholdPUCCHforMsg4HARQACK per cell for UE to perform Msg4 HARQ-ACK repetition in idle/inactive (e.g., initial access), which is more suitable to be provided in system information
Observation 3: SIB19 is preferred considering the Msg4 HARQ-ACK repetition is only applicable in NTN.

Observation 4: RAN1 agreed that UE capable of Msg4 HARQ-ACK repetition is only expected to report the UE capability in Msg3 when rsrp-ThresholdPUCCHforMsg4HARQACK is not configured or when measured RSRP is lower than configured rsrp-ThresholdPUCCHforMsg4HARQACK, which shall be capture in MAC specs.
Proposal 1: SIB19 is used to signalled numberOfPUCCHforMsg4HARQACK-RepetitionsList and rsrp-ThresholdPUCCHforMsg4HARQACK as indicated in R2-2400031.
Proposal 2: Capture in a note in Table 6.2.1-2c of MAC specs that for UE capable of Msg4 HARQ-ACK repetition, it uses LCID codepoints corresponding to PUCCH repetition of Msg4 HARQ-ACK when rsrp-ThresholdPUCCHforMsg4HARQACK is not configured or when measured RSRP is lower than configured rsrp-ThresholdPUCCHforMsg4HARQACK.

Proposal 3: RAN2 discuss and agreed on TPs of P1 and P2 provided in Annexes.
Annex 1 TP1 to 38331

First change
–
SIB19

SIB19 contains satellite assistance information for NTN access.
SIB19 information element
-- ASN1START
-- TAG-SIB19-START
SIB19-r17 ::= SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R
    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,
    ...,
    [[
    ntn-NeighCellConfigListExt-v1720         NTN-NeighCellConfigList-r17                     OPTIONAL        -- Need R
    ]],
    [[
movingReferenceLocation-r18              ReferenceLocation-r17                           OPTIONAL,       -- Need R
numberOfPUCCHforMsg4HARQACK-RepetitionsList-r18 SEQUENCE (SIZE (4)) OF  NumberOfPUCCHforMsg4HARQACK-Repetitions-r18      OPTIONAL,       -- Need R
rsrp-ThresholdPUCCHforMsg4HARQACK-r18  RSRP-Range                                         OPTIONAL,       -- Need R
    satSwitchWithReSync-r18                  SatSwitchWithReSync-r18                         OPTIONAL        -- Need R
    ]]
}
NTN-NeighCellConfigList-r17 ::=          SEQUENCE (SIZE(1..maxCellNTN-r17))  OF NTN-NeighCellConfig-r17
NTN-NeighCellConfig-r17 ::=              SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R
    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R
}
SatSwitchWithReSync-r18 ::=              SEQUENCE {
    ntn-Config-r18                           NTN-Config-r17,
    t-ServiceStart-r18                       INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
    ssb-TimeOffset-r18                       INTEGER (0..159)                                OPTIONAL        -- Need R
}
NumberOfPUCCHforMsg4HARQACK-Repetitions-r18     ENUMERATED {n1, n2, n4, n8}           OPTIONAL       -- Need R
-- TAG-SIB19-STOP
-- ASN1STOP
	SIB19 field descriptions

	distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m. This field is only present in an NTN cell.

	movingReferenceLocation
Reference location of the serving cell of an NTN Earth moving system at a time reference. It is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. The time reference of this field is indicated by epochTime in ntn-Config of the serving cell. This field is excluded when determining changes in system information, i.e., changes to movingReferenceLocation should neither result in system information change notifications nor in a modification of valueTag in SIB1. This field is only present in an NTN cell.

	ntn-Config
Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and epoch. In a TN cell, this field is only present in ntn-NeighCellConfigList and ntn-NeighCellConfigListExt.

	ntn-NeighCellConfigList, ntn-NeighCellConfigListExt
Provides a list of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellId. This set includes all elements of ntn-NeighCellConfigList and all elements of ntn-NeighCellConfigListExt. If ntn-Config is absent for an entry in ntn-NeighCellConfigListExt, the ntn-Config provided in the entry at the same position in ntn-NeighCellConfigList applies. Network provides ntn-Config for the first entry of ntn-NeighCellConfigList. If the ntn-Config is absent for any other entry in ntn-NeighCellConfigList, the ntn-Config provided in the previous entry in ntn-NeighCellConfigList applies.

	

	numberOfMsg3-RepetitionsList

Repetitions for PUCCH transmission for Msg4 HARQ-ACK. Configuration of only value n1 is not supported. If multiple values are configured, a single value from the configured values is indicated in DCI. (see TS 38.213 [13]).This field is only applicable for idle/inactive UE.

	referenceLocation
Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. This field is only present in an NTN cell.

	rsrp-ThresholdPUCCHforMsg4HARQACK
Threshold used by the UE for determining whether to report the capability of PUCCH repetition for Msg4 HARQ-ACK as specified in TS 38.321[3]. This filed is optional presented when numberOfMsg3-RepetitionsList is provided, otherwise it is absent. This field is only applicable for idle/inactive UE.

	satSwitchWithReSync
Provides parameters for the target satellite required to perform satellite switch with re-synchronization. This field is only present in an NTN cell and its presence indicates that satellite switch without PCI change is supported in the cell.

	t-Service
Indicates the time information on when a cell provided via NTN system is going to stop serving the area it is currently covering. This field applies for both service link switches in NTN quasi-Earth fixed system and feeder link switches for both NTN quasi-Earth fixed and Earth moving system. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field. The reference point for t-Service is the uplink time synchronization reference point of the cell. This field is only present in an NTN cell.


	satSwitchWithReSync field descriptions

	ssb-TimeOffset
Indicates the time offset between the SSB from source and target satellite at the uplink time synchronization reference point. It is given in number of subframes.

	t-ServiceStart
Indicates the time information on when the target satellite is going to start serving the area currently covered by the serving satellite. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1st January 1900 (midnight between Sunday, December 31, 1899, and Monday, January 1, 1900). The exact start time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.


Annex 2 TP2 to 38.321

Table 6.2.1-2c: Values of LCID for UL-SCH when the LX field is set to 1

	Codepoint
	Index
	LCID values

	0
	(216 + 320)
	CCCH of size 48 bits for an eRedCap UE 

	1
	(216 + 321)
	CCCH of size 64 bits for an eRedCap UE

	2
	(216 + 322)
	CCCH of size 48 bits for PUCCH repetition of Msg4 HARQ-ACK, except for an (e)RedCap UE

	3
	(216 + 323)
	CCCH of size 64 bits for PUCCH repetition of Msg4 HARQ-ACK, except for an (e)RedCap UE

	4
	(216 + 324)
	CCCH of size 48 bits for PUCCH repetition of Msg4 HARQ-ACK of a RedCap UE

	5
	(216 + 325)
	CCCH of size 64 bits for PUCCH repetition of Msg4 HARQ-ACK of a RedCap UE

	6
	(216 + 326)
	CCCH of size 48 bits for PUCCH repetition of Msg4 HARQ-ACK of an eRedCap UE

	7
	(216 + 327)
	CCCH of size 64 bits for PUCCH repetition of Msg4 HARQ-ACK of an eRedCap UE

	8 to 63
	(216 + 328) to (216 + 383)
	Reserved

	NOTE 1:
The MAC entity may use the code point corresponding to a given feature or feature combination in Table 6.2.1-2c only if network indicates support for the corresponding feature or feature combination.

NOTE 2:
CCCH of size 48 bits and CCCH of size 64 bits are referred to as CCCH and CCCH1, respectively, in TS 38.331 [5].
NOTE 3:
For UE capable of PUCCH repetition of Msg4 HARQ-ACK, the MAC entity uses the code points corresponding to PUCCH repetition of Msg4 HARQ-ACK when rsrp-ThresholdPUCCHforMsg4HARQACK (as specified in TS 38.331 [5]) is not configured or when measured RSRP is lower than the configured rsrp-ThresholdPUCCHforMsg4HARQACK.


References 

R2-2400031
LS on Rel-18 higher-layers parameter list (R1-2312661; contact: Ericsson)
RAN1

TS 38.331-i00
TS 38.321-i00

