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1	Introduction
In RAN plenary meeting #83 one of the TSC topics agreed to be addressed as a part of the WID on “Support of NR Industrial Internet of Things (IoT)” [1] is: Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].
The issue of non-integer multiples of TSC traffic periodicities of CG/SPS periodicities is described in more detail in Table 6.5.2-1 of TR 38.825 [2], where “More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration” was shortlisted as a potential solution.
With respect to this objective, RAN2 has agreed the following:
	· 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.  



In [3] RAN1 replied to the questions asked by RAN2 on the feasibility of shorter SPS periodicities. RAN1 confirmed periodicities of down to slot level are feasible (hence, e.g., 1 or 0.5ms for SCS of 15 or 30 kHz, respectively). 
While the agreed periodicities and configurations are a good starting point to handle TSC flows with arbitrary periodicities, there are certain issues with TSC periodicities that are not among supported CG/SPS periodicities or are non-integer multiple of a TDD period, e.g., 0.625ms, and which should also be considered. This paper discusses motivations to introduce a dedicated mechanism to address the issue of ‘misaligned TSC periodicities’ treatment and proposes a way forward.
2	Motivation
High spectral and signalling efficiency has been originally a key motivation for the introduction of SPS/CG to provide a good match with periodic traffic flows. Some companies indicated during RAN2#107bis meeting that currently agreed methods that involve using either a lower CG/SPS periodicity or resorting to use multiple CG/SPS configurations for a single TSC flow can be utilized to solve the issue with no further modifications to specifications. However, there are several issues with that approach:
1. Such methods are inefficient for fulfilling demanding TSC QoS targets with misaligned NR CG/SPS or TDD periodicities. With TSC, a misalignment delay should be minimized to avoid sacrificing URLLC grade of latency. 
2. Multiple CG/SPS configurations were specified in order to enable support for multiple TSC flows. Using multiple configurations for a single flow limits the number of flows which can be supported.
3. Using CG/SPS configuration with shorter periodicity suffers from three issues:
a. The signalling of traffic periodicity by TSCAI is done with 1us granularity meaning that there will be some misalignment between the traffic arrival at the UE and the time of data arrival assumed by the gNB. This may result in misalignment between the CG occasion which will be used by the UE and the CG occasion where the gNB expects the UE to transmit.
b. The same issue may be caused by the message arrival jitter. Similarly as above, it may happen that the UE transmits in the CG occasions where the gNB does not expect it to transmit.
c. For downlink direction, there is an additional issue, because SPS skipping is not specified. This means that UE, upon failing to receive data in an SPS occasion, is required to send HARQ-NACK to the network resulting in a lot of signalling. Also, the UE’s power consumption and processing power is unnecessarily impacted. Even if SPS skipping was introduced, the two issues above remain.
Observation 1: When multiple CG/SPS configurations are used to handle a single traffic flow the number of TSC flows that can be handled in RAN is decreased. There is a trade-off between the number of used CG/SPS configurations and misalignment delay.
Observation 2: When CG/SPS configuration with shorter periodicity is used to support arbitrary TSC periodicities the following issues exist:
· It may result in misalignment between CG/SPS occasion chosen by the UE and the gNB due to jitter or due to discrepancy between burst arrival time in TSCAI and real message burst arrival time.
· The solution cannot be directly applied for downlink due to no SPS skipping being currently specified.
Furthermore, it would be important to ensure that multiple flows with arbitrary periodicities can be established in a single cell from potentially many UEs. In case the we rely on always choosing the CG/SPS occasion closest to the traffic arrival, this flexibility might not be achieved and either the flow capacity would decrease or there would be collisions between the flows from different UEs. At the same time, always choosing the closest occasion is usually not required from the latency requirement perspective.
[bookmark: _Hlk25052351]Observation 3: It is important that the designed mechanism ensures the flexibility of configuration allowing to multiplex high number of TSC flows with arbitrary periodicities.
Based on these observations, we think there is a need for the solution that does not suffer from the issues above and which is capable of ensuring that both gNB and UE have the same understanding of which CG/SPS occasion will be used for TSC traffic. Therefore, we propose the following:
Proposal 1: RAN2 should specify the solution for not aligned TSC periodicities support, which allows gNB and UE to unambiguously determine when the data transmission will occur, i.e. which CG/SPS occasion will be used for transmission. 
To achieve that, we believe that determination of CG/SPS occasion to be used for transmission of packets with an misaligned TSC periodicity should be based on the formula specified in MAC specifications.
Proposal 2: To support misaligned TSC periodicities, RAN2 should specify a dedicated CG/SPS occasion determination formula in MAC. The exact formula is FFS.
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3	Conclusion   
The following is observed in the paper:
Observation 1: When multiple CG/SPS configurations are used to handle a single traffic flow the number of TSC flows that can be handled in RAN is decreased. There is a trade-off between the number of used CG/SPS configurations and misalignment delay.
Observation 2: When CG/SPS configuration with shorter periodicity is used to support arbitrary TSC periodicities the following issues exist:
· It may result in misalignment between CG/SPS occasion chosen by the UE and the gNB due to jitter or due to discrepancy between burst arrival time in TSCAI and real message burst arrival time.
· The solution cannot be directly applied for downlink due to no SPS skipping being currently specified.
Observation 3: It is important that the designed mechanism ensures the flexibility of configuration allowing to multiplex high number of TSC flows with arbitrary periodicities.
Based on the above analysis and observations, we have the following proposals: 
Proposal 1: RAN2 should specify the solution for not aligned TSC periodicities support, which allows gNB and UE to unambiguously determine when the data transmission will occur, i.e. which CG/SPS occasion will be used for transmission. 
Proposal 2: To support misaligned TSC periodicities, RAN2 should specify a dedicated CG/SPS occasion determination formula in MAC. The exact formula is FFS.
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