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[bookmark: _Ref503504522]Introduction
In Rel-15, NR SPS/CG periodicities always divide the hyperframe (HF) length. This will no longer be the case with Rel-16 IIoT, and we look at corresponding implications.   
During RAN2#108, as part of [2], the following proposal were made and postponed:
Proposal 5b: For Type-1 CG, after receiving the configuration, UE should first identify the lowest N value corresponding to the nearest available CG occasion, then, N is incremented after each CG occasion starting from the N identified in the first step.

Proposal 5c: Introduce timeReferenceSFN  in RRC CG Type 1 configuration to avoid ambiguity of time assumed by the UE for its initialization.

The updates from previous version are a few clarifications (with track changes), as well as addition of TPs in the Annex and removal of pseudo TPs.    
Discussion
In the Annex of R2-1916231, we summarized background related to CG/SPS formulas.
CG Type 1 formula
It was already agreed to revert the formula to consider the occasions successively, and not “merge” all different patterns that occur in successive HFs. There are then 2 issues to address:
Delayed 1st occasion 
To avoid the “delayed 1st” occasion” issue (wording issue which was fixed in [1]), one solution that may be acceptable is to just remove the “Nth”. 
[bookmark: _Ref23961463]Proposal 1: Revert CG Type 1 formula to the one considering UL grants sequentially, removing “Nth” to avoid delayed 1st occasion issue
Time reference ambiguity
The time timeDomainOffset × numberOfSymbolsPerSlot corresponds to a time offset from SFN0 boundary given by RRC. In Rel-15, since the periodicity divides the HF, the occurrences are the same whichever the HF, i.e. it does not matter which HF (which SFN0 boundary) is considered for this time reference.
With new periodicities not dividing the HF, this is no longer the case. Assuming the gNB configures the CG Type 1 with an RRC message sent at SFNx, it is possible that the UE receives the message at SFNy (due to HARQ/ARQ retransmissions).  The SFN0 boundary used as a reference by the gNB might not be the same as the SFN0 boundary used as a reference by the UE, which would lead to different occasions being considered.


[bookmark: _Ref23961467]Observation 1: There is an ambiguity in the SFN0 boundary used as a reference between UE and gNB
One solution to this problem is to assume the gNB would always schedule the RRC message such as there is no ambiguity. For instance, the gNB may avoid scheduling the RRC message at the end of an HF, to avoid it is received in the next HF. However, this would also introduce a kind of guard period in which the gNB should refrain from sending the RRC reconfiguration message, which is also not desired.
[bookmark: _Ref23961468]Observation 2: Avoiding the ambiguity leads to scheduling constraints on gNB side
Hence, it is proposed to indicate in the RRC reconfiguration message, along with the CG Type 1 configuration, the time reference (SFN boundary) to be used. As the RRC message transmission latency is expected to be low, at least less than 5.12s, SFN reference seems enough (no need to introduce HFN). It can be either a SFN or only part of SFN (MSBs). It is enough that 1 bit only is used, indicating either SFN0 boundary or SFN512 (middle of the HF). This is also applicable in a disaggregated gNB, for which RRC is in CU which may not be perfectly synchronized with the DU.  
In the example above, RRC message scheduled for transmission by the CU after SFN512 boundary, but before SFN0 boundary, will indicate to use SFN512 boundary, while RRC message scheduled for transmission after SFN0 boundary, but before SFN512 boundary, would indicate to use SFN0 boundary. That is to say, the time reference (SFN boundary) to be used is the first occurrence of the indicated SFN occurring before reception of the RRC message.
In addition to existing RRC parameters for CG Type 1, RRC would configure:
-	timeReferenceSFN: Time reference SFN (could be 0 or 512)

[bookmark: _Ref23961469]Proposal 2: Introduce a timeReferenceSFN  in RRC CG Type 1 configuration (as a baseline, values 0 and 512) and CG Type 1 formula
An example of use of timeReferenceSFN  is described below:


HARQ Process ID formula
Several HARQ processes may be associated to one CG or SPS. The formula (excerpt below for CG) ensures that the used HARQ Process ID is incremented at each CG occasion (period), modulo the max configured number of processes.
For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
Upon SFN rollover, if the periodicity does not divide the HF length, this may not be the case. For LTE, this was discussed and considered acceptable. This could be kept as a baseline, and revisited if there is a need to always have incrementing HARQ process IDs (CURRENT_symbol would need to be increased sequentially).
[bookmark: _Ref23961471]Proposal 3: As a baseline, keep existing HARQ Process ID formula, unless there is a need to avoid the SFN boundary issue

Conclusion 
In this contribution, we make the following observations and proposals:
Proposal 1: Revert CG Type 1 formula to the one considering UL grants sequentially, removing “Nth” to avoid delayed 1st occasion issue
Observation 1: There is an ambiguity in the SFN0 boundary used as a reference between UE and gNB
Observation 2: Avoiding the ambiguity leads to scheduling constraints on gNB side
Proposal 2: Introduce a timeReferenceSFN  in RRC CG Type 1 configuration (as a baseline, values 0 and 512) and CG Type 1 formula
Proposal 3: As a baseline, keep existing HARQ Process ID formula, unless there is a need to avoid the SFN boundary issue
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Annex – TPs 
38.321 – based on latest running CR
[bookmark: _Toc20428307]5.8.2	Uplink
[skipped]
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
where SFNstart time is the occurrence of SFN timeReferenceSFN immediately preceding the reception of the configured grant Type 1 configuration.
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the Nth uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot).
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.

[bookmark: _Toc20425929][bookmark: _Toc29321325]38.331 – based on latest running CR
6.3.2	Radio resource control information elements
[skipped]
[bookmark: _Toc20425957][bookmark: _Toc29321353]–	ConfiguredGrantConfig
The IE ConfiguredGrantConfig is used to configure uplink transmission without dynamic grant according to two possible schemes. The actual uplink grant may either be configured via RRC (type1) or provided via the PDCCH (addressed to CS-RNTI) (type2). Multiple Configured Grant configurations may be configured in one BWP of a serving cell.
ConfiguredGrantConfig information element
-- ASN1START
-- TAG-CONFIGUREDGRANTCONFIG-START

ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S
    cg-DMRS-Configuration               DMRS-UplinkConfig,
    mcs-Table                           ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder          ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    uci-OnPUSCH                         SetupRelease { CG-UCI-OnPUSCH }                                         OPTIONAL,   -- Need M
    resourceAllocation                  ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },
    rbg-Size                            ENUMERATED {config2}                                                    OPTIONAL,   -- Need S
    powerControlLoopToUse               ENUMERATED {n0, n1},
    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,
    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S
    nrofHARQ-Processes                  INTEGER(1..16),
    repK                                ENUMERATED {n1, n2, n4, n8},
    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                    INTEGER (1..64)                                                     OPTIONAL,   -- Need R
    rrc-ConfiguredUplinkGrant               SEQUENCE {
        timeDomainOffset                        INTEGER (0..5119),
        timeDomainAllocation                    INTEGER  (0..15),
        frequencyDomainAllocation               BIT STRING (SIZE(18)),
        antennaPort                             INTEGER (0..31),
        dmrs-SeqInitialization                  INTEGER (0..1)                                                  OPTIONAL,   -- Need R
        precodingAndNumberOfLayers              INTEGER (0..63),
        srs-ResourceIndicator                   INTEGER (0..15)                                                 OPTIONAL,   -- Need R
        mcsAndTBS                               INTEGER (0..31),
        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)                   OPTIONAL,   -- Need R
        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
        ...,
		[[
		timeReferenceSFN-r16					ENUMERATED {sfn0, sfn512}														OPTIONAL			-- Need R
		]]

    }                                                                                                           OPTIONAL,   -- Need R
    ...,
	[[
	configuredGrantConfigIndex-r16			ConfiguredGrantConfigIndex-r16											OPTIONAL,		-- Need M
	configuredGrantConfigIndexMAC-r16		ConfiguredGrantConfigIndexMAC-r16										OPTIONAL,		-- Need M
	harq-ProcID-Offset-r16					INTEGER (0..15)															OPTIONAL,		-- Need M
	periodicityExt-r16						INTEGER (1..5120)														OPTIONAL,		-- Need M
	startingFromRV0-r16						ENUMERATED {on, off}													OPTIONAL,		-- Need M
	phy-PriorityIndex-r16					ENUMERATED {p0, p1}														OPTIONAL			-- Need M
	]]
}

CG-UCI-OnPUSCH ::= CHOICE {
    dynamic                                 SEQUENCE (SIZE (1..4)) OF BetaOffsets,
    semiStatic                              BetaOffsets
}

-- TAG-CONFIGUREDGRANTCONFIG-STOP
-- ASN1STOP

	ConfiguredGrantConfig field descriptions

	antennaPort
Indicates the antenna port(s) to be used for this configuration, and the maximum bitwidth is 5. See TS 38.214 [19], clause 6.1.2, and TS 38.212 [17], clause 7.3.1.

	cg-DMRS-Configuration
DMRS configuration (see TS 38.214 [19], clause 6.1.2.3).

	configuredGrantConfigIndex
Indicates the index of the Configured Grant configurations within the BWP.

	configuredGrantConfigIndexMAC
Indicates the index of the Configured Grant configurations within the MAC entity.

	configuredGrantTimer
Indicates the initial value of the configured grant timer (see TS 38.321 [3]) in multiples of periodicity. 

	dmrs-SeqInitialization
The network configures this field if transformPrecoder is disabled. Otherwise the field is absent.

	frequencyDomainAllocation
Indicates the frequency domain resource allocation, see TS 38.214 [19], clause 6.1.2, and TS 38.212 [17], clause 7.3.1).

	frequencyHopping
The value intraSlot enables 'Intra-slot frequency hopping' and the value interSlot enables 'Inter-slot frequency hopping'. If the field is absent, frequency hopping is not configured.

	frequencyHoppingOffset
Frequency hopping offset used when frequency hopping is enabled (see TS 38.214 [19], clause 6.1.2 and clause 6.3).

	harq-ProcID-Offset
Indicates the offset used in deriving the HARQ process IDs, see TS 38.321 [3], clause 5.4.1.

	mcs-Table
Indicates the MCS table the UE shall use for PUSCH without transform precoding. If the field is absent the UE applies the value qam64.

	mcs-TableTransformPrecoder
Indicates the MCS table the UE shall use for PUSCH with transform precoding. If the field is absent the UE applies the value qam64.

	mcsAndTBS
The modulation order, target code rate and TB size (see TS 38.214 [19], clause 6.1.2). The NW does not configure the values 28~31 in this version of the specification.

	nrofHARQ-Processes
The number of HARQ processes configured. It applies for both Type 1 and Type 2. See TS 38.321 [3], clause 5.4.1.

	p0-PUSCH-Alpha
Index of the P0-PUSCH-AlphaSet to be used for this configuration.

	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
60 kHz with normal CP	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60 kHz with ECP:	2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
120 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}


	periodicityExt
This field is used to calculate the periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5,8.2). If this field is present, the field periodicity is ignored. 
The following periodicites are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 640.
30 kHz:	periodicityExt*14, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP:	periodicityExt*14, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	periodicityExt*12, where periodicityExt has a value between 1 and 2560.
120 kHz: 					periodicityExt*14, where periodicityExt has a value between 1 and 5120.

	powerControlLoopToUse
Closed control loop to apply (see TS 38.213 [13], clause 7.1.1).

	phy-PriorityIndex
Indicates the PHY priority of CG PUSCH at least for PHY-layer collision handling. Value p0 indicates low priority and value p1 indicates high priority.
[bookmark: _Hlk30596756]Editor’s Note: The name phy-PriorityIndex needs to be confirmed and what name to use needs to be aligned also with TS 38.300 and TS 38.321.

	rbg-Size
Selection between configuration 1 and configuration 2 for RBG size for PUSCH. The UE does not apply this field if resourceAllocation is set to resourceAllocationType1. Otherwise, the UE applies the value config1 when the field is absent. Note: rbg-Size is used when the transformPrecoder parameter is disabled.

	repK-RV
The redundancy version (RV) sequence to use. See TS 38.214 [19], clause 6.1.2. The network configures this field if repetitions are used, i.e., if repK is set to n2, n4 or n8. Otherwise, the field is absent.

	repK
The number of repetitions of K.

	resourceAllocation
Configuration of resource allocation type 0 and resource allocation type 1. For Type 1 UL data transmission without grant, resourceAllocation should be resourceAllocationType0 or resourceAllocationType1.

	rrc-ConfiguredUplinkGrant
Configuration for "configured grant" transmission with fully RRC-configured UL grant (Type1). If this field is absent the UE uses UL grant configured by DCI addressed to CS-RNTI (Type2). Type 1 configured grant may be configured for UL or SUL, but not for both simultaneously.

	srs-ResourceIndicator
Indicates the SRS resource to be used. 

	startingFromRV0
This field is used to determine the initial transmission occasion of a transport block for a given RV sequence, see TS 38.214 [19], clause 6.1.2.3.1.

	timeDomainAllocation
Indicates a combination of start symbol and length and PUSCH mapping type, see TS 38.214 [19], clause 6.1.2 and TS 38.212 [17], clause 7.3.1.

	timeDomainOffset
Offset related to SFN=0the reference SFN, see TS 38.321 [3], clause 5.8.2.

	timeReferenceSFN
Indicates the reference SFN. The reference SFN corresponds to the first occurrence of timeReferenceSFN preceding the reception of the RRC message. 
If the field is not configured, timeReferenceSFN is 0.

	transformPrecoder
Enables or disables transform precoding for type1 and type2. If the field is absent, the UE enables or disables transform precoding in accordance with the field msg3-transformPrecoder in RACH-ConfigCommon, see TS 38.214 [19], clause 6.1.3.

	uci-OnPUSCH
Selection between and configuration of dynamic and semi-static beta-offset. For Type 1 UL data transmission without grant, uci-OnPUSCH should be set to semiStatic.
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