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Introduction
Enhancements of Configured Grant (CG) are discussed in RAN1 and RAN2 as part of the ongoing work items on NR-IIoT RP-190728 (RAN2) as well as eURLLC RP-190726 (RAN1), for which the latter includes the following objectives:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK2]Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell (Note: V2X use cases are also considered)

For reference, in the Annex we list agreements reached in previous RAN1 and RAN2 meetings. 
In this contribution we address the remaining open issues related to CG enhancements. We discuss the issues related to multiple configurations of CG. The MAC impacts are discussed in [4] that include HARQ aspects of UL CG, LCP enhancements to serve multiple TSN traffics and confirmation MAC CE design.
[bookmark: _Ref178064866]Discussions
RAN1 agreed that separate RRC parameters per CG configuration are supported, and an FFS was noted on whether some parameters can be common among different configurations. From RAN2 point of view this is merely an RRC signalling optimization, for which the need is not justified. RRC (re-) configuration of CG are not expected to happen frequently, and especially not at the same time for multiple CG configurations.  
In addition, multiple configured grant configurations can be used to support traffic flows with different QoS, not necessarily for TSN flows. Examples include configured grant for quick uplink access, for V2X use cases and for VoIP. 
We therefore believe that individual (i.e. per-configuration) and full configuration of UL CG configuration are required and sufficient. 
[bookmark: _Toc7684760][bookmark: _Toc7685154][bookmark: _Toc7686019][bookmark: _Toc7697890][bookmark: _Toc7722639][bookmark: _Toc13213516][bookmark: _Toc14170000][bookmark: _Toc14262505][bookmark: _Toc16251025][bookmark: _Toc16259663][bookmark: _Toc16260269][bookmark: _Toc16260280][bookmark: _Toc16500347][bookmark: _Toc16500606][bookmark: _Toc16786808]Each UL CG configuration is configured independently from each other (i.e. no RRC signalling optimization).

In RAN2#105bis, it has been concluded that a harqProcessIdOffset per CG configuration should be introduced, to separate the HARQ process ID space used for each of the CG configurations. Additionally, a configurationIndex should be added to differentiate individual (RRC) configurations on MAC and PHY (e.g. for individual activation/release). Our contribution [1] explains how the configurationIndex can be derived from DCI to identify to which CG Type 2 configuration a DCI belongs to.
[bookmark: _Toc16259664][bookmark: _Toc16260270][bookmark: _Toc16260281][bookmark: _Toc16500348][bookmark: _Toc16500607][bookmark: _Toc16786809]Add configurationIndex as a configuration parameter applicable to each UL CG configuration.


[bookmark: _Toc16251027][bookmark: _Toc16259665][bookmark: _Toc16260271][bookmark: _Hlk16499467]Another question is on the maximum number of simultaneously active configurations per BWP. Agreements of RAN1#97 point to 12 active CG configurations in Rel-16. 
From our RAN2 point of view, considering in general future proofness and better handling of non-integer aligned periodical TSN traffic (e.g., TSN traffic having a periodicity that cannot be expressed as some multiple of 1ms, see [3]), we believe that Rel-16 should support up to 16 CG configurations per BWP.  For example, not only 8 TSN traffic classes (as handled by IEEE Qbv) can be supported with CG, but also further services like VOIP and the cases of non-integer aligned TSN traffic can be supported.  The reason is that each TSN traffic class has heterogeneous temporal and reliability characteristics, different configurable CG patterns are needed to support them. In addition, to support non-integer aligned periodic TSN traffic (see [3]), the solution is to use multiple CG configurations. Last but not the least, we believe that all configuration details are tailored to that the number of configurations is a power of two. If PHY layer can support 12 active configurations, extending it to 16 active configurations is rather straightforward. Therefore, we propose 
[bookmark: _Toc14262509][bookmark: _Toc16251028][bookmark: _Toc16259666][bookmark: _Toc16260272][bookmark: _Toc16260282][bookmark: _Toc16500349][bookmark: _Toc16500608][bookmark: _Toc16786810]Support 16 CG configurations per BWP
For RRC signaling design (as well as for UE capability discussion) it is furthermore important to understand the maximum number of parallel CG configurations per UE in total (or per MAC entity), which we should discuss. This is in particular related to the confirmation MAC CE design in [4].
[bookmark: _Toc14685879][bookmark: _Toc14686580][bookmark: _Toc16259667][bookmark: _Toc16260273][bookmark: _Toc16260283][bookmark: _Toc16500350][bookmark: _Toc16500609][bookmark: _Toc16786811]Discuss maximum number of CG configurations per MAC and per UE.

RAN1 has discussed the activation/release mechanisms and agreed to support separate activation/release for different configured grant Type 2 configurations for a given BWP of a serving cell. We believe it is reasonable to enable independent operations (activation or deactivation, etc.) for each UL CG configuration, considering the temporal characteristics differences between two TSN streams, i.e., starting time, periodicity, and targeted delivery latency. Group-activation of multiple CG configurations at the same time has been mentioned in RAN1 discussions. From RAN2 perspective, there seems to be no clear benefit in supporting group activation and therefore we propose:
[bookmark: _Toc4585039][bookmark: _Toc4603197][bookmark: _Toc4603647][bookmark: _Toc4603681][bookmark: _Toc4604495][bookmark: _Toc4604669][bookmark: _Toc4673288][bookmark: _Toc4673311][bookmark: _Toc7294195][bookmark: _Toc7294580][bookmark: _Toc7445856][bookmark: _Toc7445862][bookmark: _Toc7445868][bookmark: _Toc7446181][bookmark: _Toc7446187][bookmark: _Toc7448525][bookmark: _Toc7448776][bookmark: _Toc7683772][bookmark: _Toc7684762][bookmark: _Toc7685156][bookmark: _Toc7686021][bookmark: _Toc7697892][bookmark: _Toc7722641][bookmark: _Toc13213518][bookmark: _Toc14170002][bookmark: _Toc14262507][bookmark: _Toc14685877][bookmark: _Toc14686578][bookmark: _Toc16259668][bookmark: _Toc16260274][bookmark: _Toc16260284][bookmark: _Toc16500351][bookmark: _Toc16500610][bookmark: _Toc16786812]Support only independent activation of each CG config (i.e., no group activation).

Further it was agreed in RAN1#97 that joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell shall be supported (depending on FFS details of signalling). For now, RAN2 should take this agreement take into account, e.g. for MAC CE confirmation design, where multiple configurations-release need to be confirmed simultaneously (see also [4]), but it appears that no further RAN2 considerations need to be made as a result of supporting parallel release of multiple CG configurations.
For UL CG, recall that there are differences in the signalling for Type1 and Type2 (e.g., using RRC and DCI, respectively for activation/de-activation).  Both configuration types might need to be re-configured. However, the temporal feature of the control signals differs between Type1 (slower) and Type2 (faster). Therefore, having both Type1 and Type2 simultaneously active in one cell might result in some unexpected conflicts. Since these two CG types target different services/purposes, we do not see any benefits of mixing these two types to be active together for the same BWP. On the other hand, there does not seem to be technical or specification issues with allowing the parallel configuration either, which is in-line with RAN1 analysis. 
[bookmark: _Toc16260275][bookmark: _Toc16260285][bookmark: _Toc16500352][bookmark: _Toc16500611][bookmark: _Toc16786813]Support simultaneous activation of type 1 and type 2 configured grants.

Conclusion
The following proposals have been made:
[bookmark: _GoBack]Proposal 1	Each UL CG configuration is configured independently from each other (i.e. no RRC signalling optimization).
Proposal 2	Add configurationIndex as a configuration parameter applicable to each UL CG configuration.
Proposal 3	Support 16 CG configurations per BWP
Proposal 4	Discuss maximum number of CG configurations per MAC and per UE.
Proposal 5	Support only independent activation of each CG config (i.e., no group activation).
Proposal 6	Support simultaneous activation of type 1 and type 2 configured grants.
[bookmark: _In-sequence_SDU_delivery] 
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Annex
In previous RAN1/2 meetings, the following agreements were reached, which were considered in the LS-exchanges LS R2-1905234 sent from RAN2 to RAN1, and reply LS is form RAN1 to RAN2 in R1-1907961. 

RAN2#105 bis
R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption. 
R2 assumes that activation/deactivation is done by DCI. 
RAN1 should address activation/deactivation DCIs related with configured grant Type 2 and SPS in the case of multiple configurations
When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID

RAN1#96bis
· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.
· FFS whether or not some parameters can be common among different configured grant configurations 
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 
RAN1#97
· For the maximum number of UL CG configurations per BWP of a serving cell:
· 12
· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details. 



Annex: Example ConfiguredGrant-Config for Rel-16
ConfiguredGrantConfig-r16 ::=                     SEQUENCE {
    configuredGrantConfig-ToAddModList-r16		ConfiguredGrantConfig-ToAddModList-r16	OPTIONAL,	-- Need ON
    configuredGrantConfig-ToReleaseList-r16		ConfiguredGrantConfig-ToAddModList-r16	OPTIONAL,	-- Need ON
}

ConfiguredGrantConfig-ToAddModList-r16 ::= SEQUENCE (SIZE (1..maxConfigConfiguredGrant-r16)) OF ConfiguredGrantConfig
ConfiguredGrantConfig-Release-r16 ::= SEQUENCE (SIZE (1..maxConfigConfiguredGrant-r16)) OF ConfiguredGrantConfig

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
	[[	configuredGrant-ConfigIndex-r16			ConfiguredGrant-ConfigIndex-r16,								
    	harqProcessIdOffset-r16					INTEGER(0..?)
	]]
	...
}

ConfiguredGrant-ConfigIndex-r16 ::=			INTEGER (1..?)



