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Introduction
To support TSC transmission, the periodicity of CG is extended. Based on the achievement up to RAN2#108 meeting, CG periodicity of any integer-multiple of one slot (less than the maximum number) is supported, which means CG periodicities of non-integer divisor of 10240ms is introduced. In addition, the formulas for CG occasion determination is corrected so that N in the formulas is sequentially increased for each subsequent SFN cycle (i.e. hyper frame or 10240ms). 
CG periodicities of any integer-multiple of one slot (FFS if we go even lower, e.g. 2 symb, 7 symb) below a maximum value should be supported. FFS on the maximum value of integer N. 
For CG/SPS periodicity determination, support the maximum values of N as specified already, depending on SCS, i.e. N= 640 for 15kHz, 1280 for 30kHz, 2560 for 60kHz and 5120 for 120kHz.
In MAC specifications, correct formulas for CG occasion determination so that they consider N sequentially, as for SPS.

According to the discussion in R2-1916527, Summary of Offline 53, one left issue is SFN misalignment issue on periodicities of non-divisor of 10240ms. This issue is only related to configured grant type1. In this paper, we will focus on the left issue and provide our proposals.
[bookmark: _Ref178064866]Discussion
According to legacy specification, the resource of configured grant type1 is activated once configured grant type1 is configured via RRC message. All parameters including start time for configured grant type1 is indicated by RRC. The reference time point of the start time, i.e. timeDomainOffset for configured grant type1 is pre-specified in TS 38.321, which is used to determine the actual start resource occasion of the configured grant type1. Details are elaborated in this following:
· Refer to TS 38.331, parameters indicated via RRC for configured grant type1:
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),
        ...
    }                                                                                                           OPTIONAL,   -- Need R
    ...
}

· Refer to the running CR of TS 38.321, description for RRC configured parameters for configured grant type1:
RRC configures the following parameters when the configured grant Type 1 is configured:
-	cs-RNTI: CS-RNTI for retransmission;
-	periodicity: periodicity of the configured grant Type 1;
-	timeDomainOffset: Offset of a resource with respect to SFN = 0 in time domain;
-	timeDomainAllocation: Allocation of configured uplink grant in time domain which contains startSymbolAndLength (i.e. SLIV in TS 38.214 [7]);
-	nrofHARQ-Processes: the number of HARQ processes for configured grant;
-	harq-procID-offset: Offset of HARQ process for configured grant.
Observation 1 [bookmark: _Toc31634126][bookmark: _Toc31637789][bookmark: _Toc32502104][bookmark: _Toc32502282][bookmark: _Toc32525212]As specified, SFN 0 is as the reference time point of the start time, i.e. timeDomainOffset of configured grant type1.
For the specification above, we can see that SFN 0 is pre-specified as the reference time of the start time of configured grant type1. In legacy, no issue exists since CG periodicity is integer divisor of 10240ms. Under this condition, the start resource occasion determined is same among any SFN cycle, no matter within which SFN cycle the configured grant configuration received. Accordingly, the understanding of each configured grant occasion is same between UE and gNB.
However, in IIoT, the issue arises due to the introducing of periodicities of non-integer divisor of 10240ms. The misalignment between UE and gNB will be introduced since it is hard to decide which SFN cycle as the reference SFN cycle for SFN 0. The misalignment always happens in the case where the RRC message with CG configuration is sent around the boundary of SFN cycle. In details, if the RRC message with CG configuration provided by the gNB is applied by the UE in a different SFN cycle than sent by the gNB (i.e. in the next one, e.g. due to transmission delay, RLC AM etc.) then there will be misalignment between the CG occasions calculated by the gNB and those used by the UE. 
Observation 2 [bookmark: _Toc31634127][bookmark: _Toc31637790][bookmark: _Toc32502105][bookmark: _Toc32502283][bookmark: _Toc32525213]No misalignment exists in legacy since CG periodicity is integer divisor of 10240ms.
Observation 3 [bookmark: _Toc31634128][bookmark: _Toc31637791][bookmark: _Toc32502106][bookmark: _Toc32502284][bookmark: _Toc32525214]CG periodicity of non-integer divisor of 10240ms is introduced in Rel-16 IIoT. According, the misalignment always happens in the case where the RRC message with CG configuration is sent around the boundary of SFN cycle.
Potential solutions and the analysis are listed in the following:
· Alt1: It is handled by gNB implementation, e.g. by not sending RRC Reconfiguration with new CG Type 1 configurations for some time (effectively ~10-20 ms considering the RRC processing requirements) before the end of the hyper-frame.
· Alt2: Introduce a timeReferenceSFN in RRC CG Type 1 configuration.
· Alt3: Similar to the mechanism in the reference time delivery, UE considers that CG type 1 is activated at the time that is closest to the point when the RRC (re)-configuration message is received.
[image: ]
Table 1 Pros and Cons for potential alternatives
It is clearly in the table that Alt2 might be a simplest way and sufficient for all cases.
[bookmark: _Toc31634130][bookmark: _Toc31637793][bookmark: _Toc32502111][bookmark: _Toc32502285][bookmark: _Toc32525215]RAN2 discusses the misalignment due to CG type1 periodicity of non-integer divisor of 10240ms, e.g. introduce a timeReferenceSFN in RRC configured grant type 1 configuration to determine the reference time point for timeDomainOffset.

[bookmark: _Toc528848624]Conclusion
Based on the discussion above, we made the following observations:
Observation 1	As specified, SFN 0 is as the reference time point of the start time, i.e. timeDomainOffset of configured grant type1.
Observation 2	No misalignment exists in legacy since CG periodicity is integer divisor of 10240ms.
Observation 3	CG periodicity of non-integer divisor of 10240ms is introduced in Rel-16 IIoT. According, the misalignment always happens in the case where the RRC message with CG configuration is sent around the boundary of SFN cycle.

And propose the following:
[bookmark: _GoBack]Proposal 1	RAN2 discusses the misalignment due to CG type1 periodicity of non-integer divisor of 10240ms, e.g. introduce a timeReferenceSFN in RRC configured grant type 1 configuration to determine the reference time point for timeDomainOffset.
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