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[bookmark: _Ref15312972]	Introduction
In RAN plenary meeting #83 the following TSC topics were agreed to be studied in the WID on “Support of NR Industrial Internet of Things (IoT)” [1]:
	RP-190728	

	· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· 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].
· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.



In RAN2#105bis meeting, the following agreements were reached [2]:
 (
R2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 (FFS).
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. 
Will support “short” SPS periodicities, at least down to 0.5ms
Ask R1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symb.  
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
)

In RAN1#98 meeting, the following conclusion was drawn regarding the periodicity for DL SPS: 
	Conclusion:
There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 



One of the issues discussed in the e-mail discussion “[107#55][IIOT] CG/SPS for TSC”, is the additional periodicities, which should be supported for CG and SPS configurations. Even though the conclusion is still pending at the time of writing this contribution, we assume that new periodicities will be defined one way or another. Since it is desirable to have the SPS/CG allocations periodicity aligned as much as possible with the generated data to avoid waste of resources or prevent the latency constraint for the deterministic traffic from being violated, we also assume that periodicities which are not divisor of 10240 ms will have to be supported. As we mentioned in our reply to the e-mail discussion mentioned above, this creates and issue with the current CG/SPS occasion determination formulas and we would like to elaborate the topic in this contribution. 
	Discussion
As previously discussed also in [3], the currently supported periodicities in Rel-15 are integer divisor of 10240 ms, which corresponds to the time duration of 1024 SFNs. Such periodicities ensure that, at any SFN cycle (SFN 0 to SFN 1023), the transmission opportunities will have the same position relative to SFN 0, as shown in Figure 1.

[bookmark: _Ref7159132]Figure 1: Example of transmission opportunities using periodicity values which are divisor of 10240 ms.

On the other hand, if NR enables the support for new periodicities which are non-divisor of 10240 ms, then there might be an ambiguity regarding the transmission opportunities in different SFN cycles, as illustrated in Figure 2.

[bookmark: _Ref15290288]Figure 2: Example of transmission opportunities using periodicity values which are non-divisor of 10240 ms.

For SPS, the Release-15 specifies that [4]:
After a downlink assignment is configured for SPS, the MAC entity shall consider sequentially that the Nth downlink assignment occurs in the slot for which:
(numberOfSlotsPerFrame × SFN + slot number in the frame) =
[(numberOfSlotsPerFrame × SFNstart time + slotstart time) + N × periodicity × numberOfSlotsPerFrame / 10] modulo (1024 × numberOfSlotsPerFrame)
where SFNstart time and slotstart time are the SFN and slot, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialised.
Therefore, since N is sequential, i.e. working as a counter beginning from the start time of the activation, the mentioned ambiguity does not exist.
[bookmark: _Hlk16495587]Observation 1: Release-15 specifications for determining valid SPS occasions allow to support SPS periodicities that are non-integer divisor of 10240 ms.
While for CG Type-1 and Type-2, it is specified that:
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider that the uplink grant recurs associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider that the uplink grant recurs associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
In other words, the intended Release-15 behaviour is to allow a UE to start a CG transmission right after the reception of the RRC configuration message (for Type-1 CGs) or the activation DCI (for Type-2 CGs) using any value of N that satisfies the formula. It is clear that this does not allow the support of periodicities which are non-divisor of 10240 ms. 
For Type-2 CG, one solution is to define N in a similar way as it is done for SPS, for instance:
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the Nth uplink grant recurs occurs associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
Note that this is just a minor change in the formulation, which is fully compliant with the Release-15 behaviour for Type-2 CGs. 
For Type-1 CGs, additional changes are required in order to allow the UE to start the CG transmission as fast as possible after the reception of the RRC configuration (instead of waiting to the transmit occasion corresponding to N=0). In this regard, one simple solution would be the following:
· Upon receiving the RRC configuration message of a Type-1 CG, UE identifies the lowest N value corresponding to the nearest available CG occasion.
· UE increments N after each CG occasion starting from the N identified in the first step.
This is illustrated in Figure 3, where the UE’s first CG transmit occasion corresponds to N=2, second CG transmit occasion corresponds to N=3, and so on.

[bookmark: _Ref15648667]Figure 3: Example of transmission opportunities and for the described CG Type-1 operation.

[bookmark: _Hlk16495598]Observation 2: Release-15 specifications for determining valid CG occasions do NOT allow the support of periodicities that are non-integer divisor of 10240 ms.
· For Type-2 CGs, one potential solution is to adopt similar formulation as for SPS for determining the next CG transmission occasion.
· Additional modifications are required for Type-1 CGs to allow the UE to start the CG transmission as fast as possible after the reception of the RRC configuration.
Another issue is related to the uncertainty of when the CG Type-1 RRC configuration will be received and applied by the UE. With regards to Figure 3, receiving and applying the RRC configuration on the second SFN cycle (right side), would result in different time offsets than the ones depicted. This may be problematic in case the gNB expects the RRC configuration to be applied in the first cycle but is instead applied in the second cycle e.g. due to long delays (HARQ, etc.) of the PDSCH containing the RRC configuration. In our view, this issue can be solved if the gNB avoids CG Type-1 configuration during the last few milliseconds of an SFN cycle (e.g. depending on worst-case RRC configuration delays).
[bookmark: _Hlk16495604]Proposal 1: For Type-2 CG, adopt similar formulation as used for SPS for defining the uplink grant occurrences in order to avoid ambiguity in case of periodicities non-integer divisor of 10240 ms. 
Proposal 2: For Type-1 CG, after receiving the configuration, UE should first identify the lowest N value corresponding to the nearest available CG occasion, then, N is incremented after each CG occasion starting from the N identified in the first step. RAN2 assumes that gNB should not send the CG configuration close to the border of the SFN cycle.

	Conclusions
[bookmark: _Hlk4509085]In the paper, we made the following observations:
Observation 1: Release-15 specifications for determining valid SPS occasions allow to support SPS periodicities that are non-integer divisor of 10240 ms.
Observation 2: Release-15 specifications for determining valid CG occasions do NOT allow the support of periodicities that are non-integer divisor of 10240 ms.
· For Type-2 CGs, one potential solution is to adopt similar formulation as for SPS for determining the next CG transmission occasion.
· Additional modifications are required for Type-1 CGs to allow the UE to start the CG transmission as fast as possible after the reception of the RRC configuration.
[bookmark: _GoBack]Based on the discussion, we have the following proposals:
Proposal 1: For Type-2 CG, adopt similar formulation as used for SPS for defining the uplink grant occurrences in order to avoid ambiguity in case of periodicities non-integer divisor of 10240 ms. 
Proposal 2: For Type-1 CG, after receiving the configuration, UE should first identify the lowest N value corresponding to the nearest available CG occasion, then, N is incremented after each CG occasion starting from the N identified in the first step. RAN2 assumes that gNB should not send the CG configuration close to the border of the SFN cycle.
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