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Introduction
In 3GPP RAN1 Meeting #96bis, the following items were agreed: 
Agreements:
· 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 
Agreements:
· 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 
In this contribution, we provide our views on further studies in the above agreements and also other enhancements on configured grant.
[bookmark: _Ref178064866]Discussion 
Configured grant is a key component in supporting URLLC traffic. The characteristics of URLLC traffic make dynamic grant unsuitable for several reasons:
· URLLC traffic is often based on periodic and predictable traffic patterns, for example when transmitting sensor measurements and/or actuator commands for factory automation or remote driving. In this case configured grants can be used instead of dynamic grants to decrease PDCCH usage, thus improving resource efficiency and reliability.
· For non-periodic traffic the stringent latency bounds often make SR based transmissions inefficient or impossible to use. 
[bookmark: _Toc528976849][bookmark: _Toc528977369]Multiple configurations
One common use-case for multiple configurations is in industrial networks, where multiple streams (flows) are generated at a node, e.g., robot arm with several actuators, sensors and monitoring devices; yet connected to a single radio module. As a result, such multiple streams differ in its characteristics, e.g., arrival periodicity, offset, and payload size as shown in Figure 1. The blue stream has medium size payload (in compared to the orange-color stream). Also, the blue arrives at offset zero, followed by the yellow stream. The parameters of the configured grant configurations such as MCS and transmission length for the blue stream differs from those for the yellow stream. Also, blue stream differs in its arrival pattern and periodicity from yellow one. Hence, these streams cannot be supported via a single CG configuration, even if this configuration is using very short periodicity. Because for each stream the parameters, e.g., MCS index, periodicity, or transmission length, are different.  
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[bookmark: _Ref528976341]Figure 1: Industrial deterministic traffic with different arrival, and payload size. In this figure, CG1 and CG2 are two configured grant transmissions respectively with periodicity P1 and P2.
A potential realization of CG is to enable multiple configurations for a UE within a single serving cell/BWP. This enables the UE to have multiple pre-configured transmission occasions with different settings, e.g. periodicity, time offset, frequency resources, MCS index, etc. Also, the time duration, and frequency resource allocation can be different. Additionally, these parameters, such as periodicity, MCS indices, and repetitions, could be different to fit the requirement of the industrial (TSN) stream. Therefore, with such multiple configurations the network can satisfy the QoS requirements (that can be translated into RAN parameter, i.e., periodicity, time duration, frequency resources, MCS index, and repetition) for all industrial streams per TSN node (UE).
[bookmark: _Toc528965616][bookmark: _Toc528965755][bookmark: _Toc528968905][bookmark: _Toc528972030][bookmark: _Toc528972504][bookmark: _Toc528976856][bookmark: _Toc528977375][bookmark: _Toc528970308][bookmark: _Toc7824863]Multiple configurations of UL CG is a feasible solution to support multi-streams/flows for industrial TSN traffic.
Concatenation of configuration ID with CS-RNTI
Currently only one RNTI is defined for UL configured grant transmission, i.e. CS-RNTI. When multiple configurations are defined, then we need a method to differentiate each configuration e.g., during activation/release process. In order to minimize the impact on legacy design of configured grant activation validation procedure, we propose to concatenate 3 (or 4) bits if maximum number of configurations is 8 (or 16) to CS-RNTI. These 3 (or 4) bits are the configuration IDs to indicate different CG configuration. We note this concatenation is possible due to fact that CS-RNTI is 16 bits and CRC coloring is possible until 21 bits.  This is shown in Figure 2. By this way, each configuration can be indicated without the need to add new fields in DCI or change any existing fields that are used for validation. 
[image: ]
[bookmark: _Ref7789044]Figure 2. Concatenating configuration ID with CS-RNTI

Thus, we propose
[bookmark: _Toc7824939] Concatenate CS-RNTI with Configuration ID to indicate each configuration 
In addition, for both Type 1 and Type 2 configured grant transmission, an index to a configuration facilitates the signaling for subsequent transmissions. For that, a new parameter in ConfiguredGrantConfig IE can be added as an index to a configuration.
[bookmark: _Toc7824864]It is useful for physical layer to have an index of configuration. 

[bookmark: _Toc5121757][bookmark: _Toc5121934][bookmark: _Toc5122003][bookmark: _Toc5121762][bookmark: _Toc5121939][bookmark: _Toc5122008][bookmark: _Toc5019115][bookmark: _Toc5022225][bookmark: _Toc5121763][bookmark: _Toc5121940][bookmark: _Toc5122009][bookmark: _Toc5019116][bookmark: _Toc5022226][bookmark: _Toc5121764][bookmark: _Toc5121941][bookmark: _Toc5122010]Activation of a configuration in multiple active configuration:
A configuration in multiple active configuration feature can be activated independently or in a group of configurations. When multiple configuration is used for supporting different services/traffics then each configuration may have different MCSs or different time/frequency allocations. 
[bookmark: _Toc7824865]When multiple active configuration is used for supporting different services/traffics, group activation is not possible.
When multiple configuration is used for supporting one traffic type, if the MCS, time and frequency domain allocation and other information carried in activation DCI are identical, group activation is possible. But to design a method to enable group activation for such limited application scenario, the benefit is negligible considering the complexity it might add to the existing CG procedures.
[bookmark: _Toc7824866]When multiple active configuration is used for supporting one traffic type, group activation is possible, but the benefit is negligible.
[bookmark: _Hlk7791267][bookmark: _Toc7824940]Do not support group activation of multiple configurations using a single DCI.

Deactivation of a configuration in multiple active configuration:
Multiple configurations can be released simultaneously. One single MAC CE confirmation can be used for releasing of a group of configurations. Using DCI for release multiple configuration requires adding new fields in DCI and therefore not preferred. Instead, by MAC CE, the confirmation of releasing all the configurations can be sent simultaneously, the signaling overhead can be reduced.
[bookmark: _Toc7824867]Confirmation of release of a group of configurations using MAC CE can reduce the signaling overhead.  
[bookmark: _Toc7824941]Do not support group release of multiple configurations using a single DCI.

Configurations Details 
In the following, we analyze further questions related to the RRC configuration of the enhanced UL CG operation for Rel-16. One open issue is on the maximum number of active UL CG configurations in a BWP. This number depends on several parameters, e.g., UL/DL traffic load, CG periodicity, latency target, etc. Since the total number of HARQ process ID is 16, then to keep part of HARQ process IDs for dynamic grant, we propose the maximum number of simultaneously active configurations to be 8. Having a smaller number of configurations benefits in having fewer activation DCI, lower RRC overhead, and lower likelihood of activation/validation error and so on.
[bookmark: _Toc5154378][bookmark: _Toc7824942]Maximum number of simultaneously active configured grant configurations is 8. 
 Since there are multiple configurated grant configurations, a straightforward follow-up question is whether some RRC parameters can be made applicable to all configurations, and thus saving signaling overhead by transmitting only once rather than transmitting per each configuration. However, this obviously introduces restrictions since gNB cannot configure different parameters for different configurations.  
Multiple configured grant configurations can also 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. Since we do not see any motivation for this unnecessary restriction, we propose that the parameters in the current single UL CG configuration are also configurable per configuration for multiple CG, such as CG-index, periodicity, nrofHARQ-Processes, uci-OnPUSCH, rbg-Size, resourceAllocation, powerControlLoopToUse, p0-PUSCH-Alpha, repK, RepK-RV, periodicity, nrofHARQ-Processes, mcs-Table, timeDomainOffset, antennaPort, frequencyHoppingOffset.
[bookmark: _Toc5154379][bookmark: _Toc7824943]Parameters in the rel-15 single UL CG configuration are also configurable per configuration for multiple configured grant.
In terms of periodicity for UL configured grant, V2X services require certain periodicities which are currently not included in Rel-15. For example, LTE introduced the following periodicities for V2X, on top of existing values:
semiPersistSchedIntervalUL-v1430       ENUMERATED {
                                         sf50, sf100, sf200, sf300, sf400, sf500,
                                         sf600, sf700, sf800, sf900, sf1000, spare5,
                                         spare4, spare3, spare2, spare1} OPTIONAL    -- Need OR

Thus for Rel-16, the UL CG configurations should expand to include periodicities for supporting V2X services. Comparing the V2X required periodicities with the Rel-15 UL CG periodicities, the following values are to be added:
· sym50x14, sym100x14, sym200x14, sym300x14, …., sym1000x14
· sym50x12, sym100x12, sym200x12, sym300x12, …., sym1000x12

[bookmark: _Toc7824944]New periodicity values are added for supporting V2X services: {sym50x14, sym100x14, sym200x14, sym300x14, …., sym1000x14}, {sym50x12, sym100x12, sym200x12, sym300x12, …., sym1000x12}.

Crossing the Periodicity Boundary
In Rel-15, transport block repetition is possible across slots (but not within slots). Yet, there is not guarantee for the repetition over multiple slots with repetition factor K that a transport block is transmitted by K repetitions. The reason is that data may arrive any time and transmission occasions (TO) are limited to be within a periodicity, P. This is shown in Figure 3, where data arrives at the middle of first TO, then only 3 transmission is possible. This may affect the reliability of transmission.
[image: ]
[bookmark: _Ref4499834]Figure 3: Ensuring K repetition using single configuration. 
In a) data arrives on time and there will be K=4 repetitions. In b) data arrives in the first TO and since crossing the periodicity boundary is not allowed then there will not be 4 repetitions.  In c) crossing the periodicity is allowed and there will be K=4 repetitions.  
[bookmark: _Toc535018659]To solve the issue and ensure K repetitions, one possible approach is to use multiple configurations, each of which having different time-offset and then based on data arrival a proper configuration is selected. However, this way results in many different configurations sharing most parameters, leading to large overhead in RRC messaging and activation/inactivation commands.
Another possible approach, to ensure K repetition, is to allow the transmission to cross the periodicity boundary. A problem with this method is on ambiguity for gNB to distinguish that the data transmitted on a TO is a new TB or a repetition of previous TB. This problem can be solved by using different DMRS sequences for different HARQ PID, similar to the method used in HRLLC LTE.
We therefore propose to ensure K repetition by allowing CG transmissions to cross the periodicity boundary:
[bookmark: _Toc535018671][bookmark: _Toc5122015][bookmark: _Toc5154382][bookmark: _Hlk7698288][bookmark: _Toc7824945]Allow CG transmissions to cross the periodicity boundary to ensure K repetition.
Conclusion
In this contribution, we discussed our views for methods for enhancements of configured grant. We observed the following:
Observation 1	Multiple configurations of UL CG is a feasible solution to support multi-streams/flows for industrial TSN traffic.
Observation 2	It is useful for physical layer to have an index of configuration.
Observation 3	When multiple active configuration is used for supporting different services/traffics, group activation is not possible.
Observation 4	When multiple active configuration is used for supporting one traffic type, group activation is possible, but the benefit is negligible.
Observation 5	Confirmation of release of a group of configurations using MAC CE can reduce the signaling overhead.

Based on this we proposed the following:
Proposal 1	Concatenate CS-RNTI with Configuration ID to indicate each configuration
Proposal 2	Do not support group activation of multiple configurations using a single DCI.
Proposal 3	Do not support group release of multiple configurations using a single DCI.
Proposal 4	Maximum number of simultaneously active configured grant configurations is 8.
Proposal 5	Parameters in the rel-15 single UL CG configuration are also configurable per configuration for multiple configured grant.
Proposal 6	New periodicity values are added for supporting V2X services: {sym50x14, sym100x14, sym200x14, sym300x14, …., sym1000x14}, {sym50x12, sym100x12, sym200x12, sym300x12, …., sym1000x12}.
Proposal 7	Allow CG transmissions to cross the periodicity boundary to ensure K repetition.
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