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Introduction
In the RAN2#105bis meeting, RAN2 discussed an issue captured in TR 38.825 [1] on supporting for TSC message periodicities with non-integer multiple of NR CG/SPS periodicities and achieved the following intermedia conclusion: 
	· 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. 



Although all companies agree that 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, the resource consumption is still a concern on the solution of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination. Hence, in this contribution, the necessity of enhanced solution is investigated and potential solutions on supporting for TSC message periodicities with non-integer multiple of CG/SPS periodicities is provided as well in the following sections.
Discussion
As described in TR 22.804 [2], the traffic pattern of TSN flow is characterized as periodicity and determinism and based on the knowledge of this traffic pattern, the gNB could pre-configure one or more time/frequency resources in SPS/CG configuration to satisfy the stringent latency and reliable requirement for the TSN traffic flow. In the use case of future factory [2], the UE may be assigned with several traffic flows, which periodicities of data packet in TSN traffic flows depends on applications and could be any arbitrary value. Thus the issue that the periodicity of data packet in TSN traffic flow is not non-integer multiple of NR CG/SPS periodicity was addressed and the potential solutions to mitigate this issue are captured in TR38.825 [3]:
	
· Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
· Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof (for SPS, support for shorter periodicities than those available in Rel-15 may be required)
· More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration, e.g. based on network configuration or dynamic network signalling and which could be based on knowledge of TSN traffic pattern
· Applying de-jittering buffer at the edges of 5G system



The intention of the usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof is to reduce the delay resulted from the interval between the data of TSN flow arrival time and the closet resource in time domain reserved in SPS/CG via providing more finer resolution of periodicity or over-positioning resources. However, this is achieved at the cost of huge scarce radio resource consumption with the limitation of TSN flows and potential impact and additional complexity on HARQ feedback. Moreover, the abovementioned delay is not constant, which is a kind of accumulated delay with the transmission cycle increasing. As an example mentioned in [4], in this way, the allocation utilization is generally calculated from 30%-50%.
Observation 1: the usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof is possible to lead huge scarce radio resource consumption with the limitation of TSN flows and potential impact and additional complexity on HARQ feedback.
On the other hand, due to the stringent reliability requirement of TSN traffic flow, it is not feasible to share the CG/SPS resources between multiple UEs, thus CG/SPS resources should be allocated carefully by network configuration to avoid confliction between different UEs. In this assumption, the CG/SPS resource is possible to be allocated to one dedicated UE, which may lead the waste of resource if no data packet of TSN traffic flow is available to be transmitted. 
Although the shift between the data arrival time of TSN flow and the closest resource in time domain reserved in SPS/CG configuration is variable, as it is accumulated delay with the transmission cycle increasing , the packet transmission time instants need to be aligned with the RAN slot, mini-slot or symbol structure boundary and scheduled within acceptable latency. In Rel-15 NR, the start offset in time domain of type-1 CG configuration in configured and re-configured in the dedicated RRC messages (RRC reconfiguration), which could be used to adjust the shift, while the start offset in time domain of type-2 CG/SPS configuration, including SFNstart time, slotstart time, and symbolstart time, is indicated by DCI during the activation of a given type-2 CG/SPS configuration. Anyway, when shorter SPS/CG periodicities deployed in network configuration, the adjustment may occur frequently and the corresponding signaling overhead costs higher load.
Observation 2: the accumulated shift between the data arrival time of TSN flow and the closest resource in time domain reserved in SPS/CG configuration  needs to be adjusted frequently and cyclically, which costs huge signalling overhead when shorter SPS/CG periodicities is configured.
Proposal 1: it is proposed to investigate a feasible approach to address the issue of the additional delay caused by the accumulated shift between the periodicity of data packets in TSN traffic flows and periodicity of NR CG/SPS, with minimize scarce radio resource waste and minimize impact on current specification.
Hence, to address this ambiguous issue, two potential solutions on supporting for TSC message periodicities with non-integer multiple of CG/SPS periodicities are proposed in this paper and may be considered further:
Option1: Extend the function of current PDCCH DCI signaling of activation of Type 2 CGs/SPS configuration to update the start offset in time domain of CG/SPS configuration 
The option 1 is to extend the function of current PDCCH DCI signalling to update the start offset in time domain of CG/SPS configuration to support the mechanism of shift compensation between the periodicity of data packets in TSN traffic flows and one/multiple periodicity of NR CG/SPS. In the current specification, the activation/deactivation of Type 2 CGs/SPS configuration is indicated by PDCCH DCI signaling with the information of start offset in time domain. In order to reduce the signaling overhead and cost less latency, one simple solution is to extend the current PDCCH DCI signaling to support the mechanism of shift compensation between the periodicity of data packets in TSN traffic flows and one/multiple periodicity of NR CG/SPS, e.g. update the time domain offset via PDCCH DCI.
Proposal 2: it is proposed to extend the function of the current PDCCH DCI of activation of Type 2 CGs/SPS configuration to update the start offset in time domain of CG/SPS configuration, which demands RAN1’s investigation as well.
Option2: Introduce an unavailable period in SPS/CG configuration to enable the radio resource of misaligned period reused by other services or other UEs
Alternatively, this option is to explicitly indicate the an unavailable period in SPS/CG configuration via dedicated RRC message to enable the radio resource of misaligned period reused by other services or other UEs, which another suitable SPS/CG configuration can be selected by the original owner of SPS/CG configuration. During the available period of SPS/CG configuration, the UE is able to transmit the data packets of TSN traffic on the reserved time/frequency resources according to SPS/CG configuration while during the unavailable period of SPS/CG configuration, the resource reserved for this SPS/CG configuration is released and could be used by other services or other UEs. Indeed the specified unavailable period could compensate the shift between the CG pattern and TSN traffic pattern. In fact, during the suspended time of SPS/CG configuration, the UE could also be configured by another SPS/CG configuration or scheduled via dynamic grant. 


Fig.1 CG pattern with unavailable period configuration
Proposal 2: it is proposed to introduce an unavailable period in SPS/CG configuration to enable the radio resource of misaligned period reused by other services or other UEs.
Conclusion
In this contribution, we discussed the issue on supporting for TSC message periodicities with non-integer multiple of CG/SPS periodicities
Observation 1: the usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof is possible to lead huge scarce radio resource consumption with the limitation of TSN flows and potential impact and additional complexity on HARQ feedback.
Observation 2: the accumulated shift between the data arrival time of TSN flow and the closest resource in time domain reserved in SPS/CG configuration  needs to be adjusted frequently and cyclically, which costs huge signalling overhead when shorter SPS/CG periodicities is configured.
Proposal 1: it is proposed to investigate a feasible approach to address the issue of the additional delay caused by the accumulated shift between the periodicity of data packets in TSN traffic flows and periodicity of NR CG/SPS, with minimize scarce radio resource waste and minimize impact on current specification.
Proposal 2: it is proposed to extend the function of the current PDCCH DCI of activation of Type 2 CGs/SPS configuration to update the start offset in time domain of CG/SPS configuration, which demands RAN1’s investigation as well.Proposal 2: it is proposed to introduce an unavailable period in SPS/CG configuration to enable the radio resource of misaligned period reused by other services or other UEs.
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