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1	Introduction
The URLLC L1 work item was approved in RAN#83 [1]. 
Configured UL grants enhancements is one of the objectives in the WID noted as:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK2]Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Note: V2X use cases are also considered 

During RAN1#98bis, there has been plenty of progress specifically in the area of CG activation and release. In this contribution, we discuss the remaining aspects.
[bookmark: _GoBack]2	Final details of CG activation / release and re-transmission operation
2.1 DCI formats to release Type 2 CGs 
During RAN1#98bis, the applicable DCI formats for activation have been agreed whereas for the release operation there is only a working assumption agreed so far: 
Agreements:
· Support DCI format 0-0, 0-1 and new DCI format scheduling PUSCH for Rel.16 Type 2 CG activation.
Agreements:
· Support DCI format 0-0 for Rel.16 Type 2 CG release.
· As a working assumption, also DCI format 0-1 and the new DCI format

Rel-15 operation allows cross-carrier CG Type 2 activation and re-transmission signalling but no cross-carrier CG Type 2 release operation, which somehow makes the whole feature of less use (as only RRC release can be applied). As no technical issues with also supporting Type 2 CG release using DCI format 0_1 and 0_2 are identified, we suggest confirming the working assumption from RAN1#98bis. 
Proposal 2-1: Confirm the RAN1#98bis working assumption, to also support DCI format 0_1 and 0_2 for Rel-16 Type 2 CG release. 

2.2 Applicable parameters for CG PUSCH based on DCI format 0_2

At the end of Rel-15, there had been lengthy discussions in RAN1 on how to interpret DCI Format 0_1 considering the potential different configuration of certain parameters of pusch-config and configuredGrantConfig. During the CR phase the following behaviours were agreed to solve this issue:
· Behaviour 1: The UE does not expect the bit width of a field given by configuredGrantConfig to be larger than given by pusch-config (which defines the size for DCI format 0_1 scrambled by C-RNTI and CS-RNTI, see end of Sec. 7.3.1.1.2 of 38.212) 
· Behaviour 2: PUSCH according to configured grant apply the parameters given by configuredGrantConfig (with some exceptions, see Sec. 6 of TS 38.214)
· Behaviour 3: PUSCH re-transmissions of a CG transmission apply the parameters given by pusch-config (with some exceptions, see Sec. 6 of TS 38.214)

Looking at the legacy DCI formats 0_0 and 0_1, there are still some open issues for Type 2 CG in terms of 2-level PHY priority (handled in AI 7.2.6.2 – UCI enhancements) as well as the (dynamic) repetition indication (handled in AI 7.2.6.3 – PUSCH enhancements). Otherwise, no further open issues for the legacy DCI formats 0_0 and 0_1 have been identified, and the REl-15 behaviour discussed above otherwise should be applied. 
Observation: For Type 2 CG operation activated through DCI formats 0_0 and 0_1 as well as Type 1 & 2 CG PUSCH re-transmissions the Rel-15 rules are directly applicable (no changes seen as needed) except:
· 2-level PHY priority for Type 2 CG activation (to be discussed / decided as part of the UCI enhancements, AI 7.2.6.2)
· Number of repetitions for Type 2 CG activation (to be discussed / decided as part of the PUSCH enhancements, AI 7.2.6.3)
Therefore, we focus our further discussions only on the new DCI format 0_2. When considering the interaction of the new DCI format 0_2 with CG operation, the operation of the DCI format 0_2 scheduling PUSCH with C-RNTI is not directly given by pusch-config but a respective separate configuration of the DCI field sizes which we denote for our discussions here for simplicity with ‘DCIFormat0_2-config’. The same issues as for DCI Format 0_1 in Rel-15 in terms of CG are present with the new DCI Format 0_2 with the difference that not pusch-config but DCIFormat0_2-config needs to be considered in relation to configuredGrantConfig. 
Looking first at Rel-15 Behaviour 1 above, we don’t think that requiring the DCI field sizes given by configuredGrantConfig to be smaller or equal to the size given by DCIFormat0_2-config, as this somehow would defeat the purpose of specifying the new ‘compact’ DCI as such. Therefore, we suggest the following as a starting point in here and discuss the activation & re-transmission behaviour below based on this assumption: 
Proposal 2-2: In contrast to DCI format 0_1, the structure and the field sizes of DCI format 0_2 scrambled by C-RNTI and CS-RNTI are exactly the same and given by the configuration of DCI format 0_2, without any restrictions on the field sizes determined based on configuredGrantConfig. 
Let’s next look at the re-transmission behaviour (Behaviour 3), as at RAN1#98bis the following working assumption was agreed for re-transmission of a CG using DCI format 0_2: 
Agreements:
· (Working assumption) Retransmission of the PUSCH scheduled by a new UL DCI format with CRC scrambled by CS-RNTI with NDI=1 shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with the new UL DCI format.
We agree with the intention of this working assumption, but we think that RAN1 needs to look at the details of the exceptions for this case which are currently noted in Sec. 6.1 of TS 38.214 as: 
For the PUSCH retransmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, the parameters in pusch-Config are applied for the PUSCH transmission except for p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex described in Subclause 7.1 of [6, TS 38.213], mcs-Table, mcs-TableTransformPrecoder described in Subclause 6.1.4.1 and transformPrecoder described in Subclause 6.1.3.

The first set of Rel-15 exceptions is related to PUSCH TPC where enhancements in Rel-16 such as dynamic p0-PUSCH sets have been agreed to manage the potential overlap of URLLC transmissions with eMBB PUSCH. But the TPC operation is not just related to using a different P0 value (as enabled through the Rel-16 TPC enhancements) but more generic in terms of power control loop usage etc. Using totally different TPC parameters (P0, alpha, TPC loop & PL index) for the re-transmission than for the initial transmission does not seem to be very reasonable. Therefore, we suggest keeping the Rel-15 exception on TPC parameters also for DCI format 0_2. 
The MCS usage with the new DCI format 0_2 is still slightly unclear and the MCS field in the DCI format may be smaller and not all MCS entries of a respective MCS table may be addressable. In case the MCS field size of DCI format 0_2 is still 5bits, there is no reason to change the Rel-15 behaviour of using the MCS table from configuredGrantConfig as using the same range of supported MCS (including lowSE & 256QAM) for the initial & re-transmission of CG PUSCH seems to be feasible. If a smaller than 5-bit MCS field size is supported and configured for DCI Format 0_2, then the indicated MCS from DCI Format 0_2 is directly applied. 
Looking at the Rel-15 transform precoder operation in Sec. 6.1.3 for Rel-15, the same transform precoder for CG re-transmission (CS-RNTI, NDI=1) than for DG PUSCH (C-RNTI) is applied. The Rel-15 operation for DCI format 0_1 should be applied also for DCI format 0_2, i.e. the transform precoder applied for DCI format 0_2 for C-RNTI and CS-RNTI with NDI=1 is to be the same. We would like to note here that the exception in the current specifications in the textbox above is only there to cover the case that transformPrecoder is not configured in PUSCH-Config as then msg3-transformPrecoder is to be applied for DCI format 0_1. 
Proposal 2-3: Confirm the RAN1 #98bis working assumption with the following changes:
“Retransmission of the PUSCH scheduled by a new UL DCI format 0_2 with CRC scrambled by CS-RNTI with NDI=1 shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with the new UL DCI format 0_2 except for:
· p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex described in Subclause 7.1 of TS 38.213 (as in Rel-15)
· MCS table usage: 
· If a smaller than 5-bit MCS field size is supported and configured for DCI Format 0_2, then the MCS from DCI Format 0_2 is directly applied. Otherwise, the Rel-15 behaviour of using the configured MCS table for configuredGrantConfig applies. 
Taking the proposal 2-2 as a starting point, the field sizes of DCI format 0_2 may be smaller than what is needed for CG Type 2 activation operation based on the Rel-15 Behaviour 2 which is not fully compatible with the Rel-15 behaviour of Sec. 6.1 in TS 38.214:
For the PUSCH transmission corresponding to a configured grant, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, which are provided by pusch-Config. If the UE is provided with transformPrecoder in configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPSK, if provided in pusch-Config, according to the procedure described in Subclause 6.1.4 for the PUSCH transmission corresponding to a configured grant. 

Looking at the details of configuredGrantConfig, let’s consider the RRC parameters one by one to see which parameters may create some issues for Type 2 activation with the new configurable size DCI format 0_2 which we mark below in yellow as possible exceptions:
· frequencyHopping: For Rel-16 PUSCH / PUSCH Type B repetition, there may be different frequency hopping types supported (e.g. inter-repetition / inter-segment hopping). This may be equally applicable to DCI format 0_1, in case Rel-16 PUSCH / PUSCH Type B repetition is enabled for this DCI format.
· [bookmark: _Hlk23786790]cg-DMRS-Configuration: As the DMRS-UplinkConfig (specifically dmrs-Type and maxLength) defines the size of the Antenna ports field in DCI format 0_2, the antenna ports related information from DCI format 0_2 should be applied. The rest of the CG parameters defining the DM-RS sequence should be used from configuredGrantConfig, as otherwise it will not be possible to differentiate multiple (overlapping) Type 2 configurations through different scrambling initializations (defined by scramblingID0/scramblingID1) or different sequence groups (defined by nPUSCH-Identity).                   
· [bookmark: _Hlk23770963]mcs-Table / mcs-TableTransformPrecoder:  In case a smaller MCS table than 5 bits is configured, then the MCS defined by DCI format 0_2 is to be applied – otherwise, still the one from configuredGrantConfig as in Rel-15 can be applied. 
· uci-OnPUSCH: no need for change identified, still to be based on configuredGrantConfig.  
· resourceAllocation and rbg-Size: This should be based on DCI format 0_2, as not just the resource allocation type but also the RA granularity may be different.               
· powerControlLoopToUse: no need for change identified, still to be based on configuredGrantConfig
· p0-PUSCH-Alpha: no need for change identified, still to be based on configuredGrantConfig 
· transformPrecoder: no need for change identified, still to be based on configuredGrantConfig                   
· nrofHARQ-Processes: no need for change identified, still to be based on configuredGrantConfig 
· [bookmark: _Hlk23763735]repK: still to be based on configuredGrantConfig in case of having no dynamic repetition indication, otherwise given by the dynamic repetition indication. To be discussed as part of the PUSCH enhancements (AI 7.2.6.3)   
· repK-RV: no need for change identified, still to be based on configuredGrantConfig                            
· periodicity: no need for change identified, still to be based on configuredGrantConfig
· configuredGrantTimer: no need for change identified, still to be based on configuredGrantConfig                          

Proposal 2-4: Rel-16 PUSCH transmissions corresponding to Type 2 configured grant activated through DCI format 0_1 & 0_2 follows the Rel-15 principle of using the parameters of configuredGrantConfig with the exceptions given by Rel-15 and additional Type 2 CG specific exceptions: 
· frequencyHopping: For DCI formats 0_1 & 0_2, depending on decisions on FH types as part of the PUSCH enhancements AI for Rel-16 PUSCH / PUSCH Type B repetition. 
· cg-DMRS-Configuration: Apply the antenna ports information provided by DCI format 0_2 but keep using at least scramblingID0/scramblingID1 & nPUSCH-Identity from configuredGrantConfig
· mcs-Table / mcs-TableTransformPrecoder: If MCS field size of DCI format 0_2 is less than 5bits, follow the MCS as given by DCI format 0_2. Otherwise, keep the Rel-15 behaviour (i.e. apply the MCS table defined by configuredGrantConfig). 
· resourceAllocation and rbg-size: f-domain resource allocation type and associated scheduling granularity given by DCI format 0_2.
· repK: For DCI formats 0_1 & 0_2, depending on decisions as part of the PUSCH enhancements AI on dynamic repetition indication. 

[bookmark: _Toc415085486][bookmark: _Toc503902285]2.3 Support of configuration change of Type 1 CG configurations 
As we noted in our earlier contributions on configured grants e.g. in Sec 5 of [2], we see that the current CG grant operation is not very well supporting needed changes of the CG parameters for URLLC services with low latency and guaranteeing uninterrupted URLLC service sessions – specifically if one considers traffic types with non-integer multiples of the NR numerology. Enabling independent CG Type 2 activation commands of multiple CG configurations discussed above can already solve this short-coming of the Rel-15 NR CG design for Type 2 CG – with the limitations of false-alarm issues discussed in Sec. 2.4. 
For Type 1 CG, the only option for the gNB to change the configuration is by RRC reconfiguration resulting in long latency of the intended change and potentially undefined UE behaviour in the RRC re-configuration phase. This is clearly not desirable as the gNB for URLLC services is required to ensure an uninterrupted URLLC service session. Therefore, we think that some more dynamic CG parameter change through L1 signalling of a wider set of CG parameters should be supported also for Type 1 CGs. Such operation could be enabled by supporting multiple CG Type 1 configurations with a dynamic L1 /PDCCH based selection of the intended profile from the group of CG configurations. To take advantage of Type 1 CG for URLLC (having low latency after the RRC configuration in contrast to Type 2 CG), at least one of the configurations (one reference configuration) would need to be active immediately after RRC configuration. The swap to a different pre-configured Type 1 configuration(s) could then be based on a PDCCH message indicating the applicable configuration(s). For this operation, clearly a single DCI activation/release command could be envisioned to choose one or more of RRC configured Type 1 CGs for operation (as for Type 2 release). Therefore, the false-alarm rate for this operation would be at the level of Type 2 release (which is much lower than for Type 2 CG activation as discussed above). 
Proposal 2-5: Support a dynamic CG profile/configuration change for Type 1 CG through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling.


3	Conclusions
In this contribution, we discussed the remaining details of the needed enhancements for configured grants for NR URLLC.
The discussions can be summarized in the following observations and proposals:
Proposal 2-1: Confirm the RAN1#98bis working assumption, to also support DCI format 0_1 and 0_2 for Rel-16 Type 2 CG release. 
Observation: For Type 2 CG operation activated through DCI formats 0_0 and 0_1 as well as Type 1 & 2 CG PUSCH re-transmissions the Rel-15 rules are directly applicable (no changes seen as needed) except:
· 2-level PHY priority for Type 2 CG activation (to be discussed / decided as part of the UCI enhancements, AI 7.2.6.2)
· Number of repetitions for Type 2 CG activation (to be discussed / decided as part of the PUSCH enhancements, AI 7.2.6.3)
Proposal 2-2: In contrast to DCI format 0_1, the structure and the field sizes of DCI format 0_2 scrambled by C-RNTI and CS-RNTI are exactly the same and given by the configuration of DCI format 0_2, without any restrictions on the field sizes determined based on configuredGrantConfig. 
Proposal 2-3: Confirm the RAN1 #98bis working assumption with the following changes:
“Retransmission of the PUSCH scheduled by a new UL DCI format 0_2 with CRC scrambled by CS-RNTI with NDI=1 shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with the new UL DCI format 0_2 except for:
· p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex described in Subclause 7.1 of TS 38.213 (as in Rel-15)
· MCS table usage: 
· If a smaller than 5-bit MCS field size is supported and configured for DCI Format 0_2, then the MCS from DCI Format 0_2 is directly applied. Otherwise, the Rel-15 behaviour of using the configured MCS table for configuredGrantConfig applies. 
Proposal 2-4: Rel-16 PUSCH transmissions corresponding to Type 2 configured grant activated through DCI format 0_1 & 0_2 follows the Rel-15 principle of using the parameters of configuredGrantConfig with the exceptions given by Rel-15 and additional Type 2 CG specific exceptions: 
· frequencyHopping: For DCI formats 0_1 & 0_2, depending on decisions on FH types as part of the PUSCH enhancements AI for Rel-16 PUSCH / PUSCH Type B repetition. 
· cg-DMRS-Configuration: Apply the antenna ports information provided by DCI format 0_2 but keep using at least scramblingID0/scramblingID1 & nPUSCH-Identity from configuredGrantConfig
· mcs-Table / mcs-TableTransformPrecoder: If MCS field size of DCI format 0_2 is less than 5bits, follow the MCS as given by DCI format 0_2. Otherwise, keep the Rel-15 behaviour (i.e. apply the MCS table defined by configuredGrantConfig). 
· resourceAllocation and rbg-size: f-domain resource allocation type and associated scheduling granularity given by DCI format 0_2.
· repK: For DCI formats 0_1 & 0_2, depending on decisions as part of the PUSCH enhancements AI on dynamic repetition indication. 

Proposal 2-5: Support a dynamic CG profile/configuration change for Type 1 CG through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling.
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