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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 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. 




And in the RAN2 #107bis meeting,  RAN2 discussed the potential solutions advised from some companies for seeking more efficient methods on supporting for TSC message periodicities with non-integer multiple of NR CG/SPS periodicities. However, no final agreement was achieved on this issue. In this contribution, we intent to discuss the necessity of enhanced solution for supporting for TSC message periodicities with non-integer multiple of NR CG/SPS periodicities, and compared the potential solutions.
Discussion
As agreed in the last meeting, the maximum number of simultaneously active SPS configurations per BWP per serving cell is decided as below:
· R2 assumes to support 8 as the maximum number of simultaneously activated SPS configurations per BWP per serving cell.
The usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof is to match the arbitrary TSC message periodicities with non-integer multiple of NR CG/SPS periodicities.  From the research in contribution [3],   one TSN flow with the special TSC message periodicity may need to consume more than maximum number of active SPS or CG currently designed to meet the delay requirement, which indeed is an issue. And the huge cost of radio resource consumption and potential impact and additional complexity on HARQ feedback also need to be addressed.
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.
Although both the RAN and UE acquire the knowledge of TSN flow pattern by the TSCAI, it is still ambiguous for the UE itself to select the proper occasion of CG or SPS for data transmission. Within the tolerant latency, it is possible that multiple occasions of CG or SPS may be the available as the candidates for data transmission since multiple CGs or shorter periodicity of CG is configured for one TSN flow.  More negotiation between the RAN and UE is required to define the rules for the selection of the proper occasion of CG or SPS. Therefore, the control from RAN is needed for picking the proper occasion of CG or SPS for data transmission.
Many companies [3], [4], [5] provided their solutions in the last RAN2 meeting. The contribution [4] proposed the “pseudo-periodic” pattern for CG configuration and the CG formula actually indicates the allocated CG resource. The CG formula induces the fixed rule explicitly for both RAN and UE to know the exact transmission occasion. As also mention in [4], it may reduce the flexibility since it does not consider the latency requirement for traffic. And in the contribution [3], the cyclic SPS/CG shifting with bitmap explicitly indicate the CG configuration pattern while the size of bitmap seems vary in a wide range and introduce possible overhead.
Observation 2: Although both the RAN and UE acquire the knowledge of TSN flow pattern by the TSCAI, the control from RAN is needed for picking the proper occasion of CG or SPS for data transmission.
As observed by all the contributions from last meeting, the shift between the data arrival time of TSN flow and the closest resource in time domain reserved in SPS/CG configuration is variable. However, as it is accumulated with the transmission cycle increasing, the periodic compensation could be used to adjust the accumulated shift. As a result, the shift pattern/bitmap repeats every certain duration.  Hence, one potential solution on supporting for TSC message periodicities with non-integer multiple of CG/SPS periodicities are proposed in this paper and may be considered further:
This option is to explicitly indicate an unavailable or available period in SPS/CG configuration via dedicated RRC message. 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. Indeed the specified unavailable period could compensate the shift between the CG pattern and TSN traffic pattern. Furthermore, less CGs or resource could be reserved, no bitmap is introduced and no fixed rule should be considered by UE and RAN.


Fig.1 CG pattern with unavailable period configuration
For example:
In the smart grid use case, the data packets are generated with 1200Hz. The traffic period and occasions of CGs is listed as below table. 
	Index
	Traffic arrive time
	CG occasion
	CG index

	0
	0
	0
	1

	1
	0.833333333
	1
	2

	2
	1.666666667
	2
	3

	3
	2.5
	2.5
	4

	4
	3.333333333
	3.5
	5

	5
	4.166666667
	4
	6

	6
	5
	5
	1

	7
	5.833333333
	6
	2

	8
	6.666666667
	7
	3

	9
	7.5
	7.5
	4

	10
	8.333333333
	8
	5

	11
	9.166666667
	9
	6




With the current agreement, six CG configurations should be configured to support the traffic transmission for this use case with different start offset symbol but same period.
CG1/CG2/CG3/CG4/CG5/CG6: 
 	Start SF = 0/1/2/2.5/3.5/4.5; CG period = 5ms;
In our solution, two CGs should be configured to support the traffic transmission for this use case with same period but different start offset symbol and available/unavailable period as shown below:
	
	Start SF
	CG period
	Available period
	Unavailable period

	CG1
	0ms
	1ms
	2.5 ms
	2.5 ms

	CG2
	2.5ms
	1ms
	2.5 ms
	2.5 ms



[image: ]
Based on this, the CG formula can be modified to support this proposal:
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the (M*N)th uplink grant occurs associated with the 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*(available period + unavailable period)+M*CG periodicity modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
Where 
-N: the Nth cycle of available period and unavailable period
- M: the Mth CG occasion in Nth cycle of available period and unavailable period
Due to the stringent reliability requirement of TSN traffic flow, it is not feasible to share the CG/SPS resources among multiple UEs, thus CG/SPS resources should be allocated carefully by network configuration to avoid confliction among different UEs. Under 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.  In our solution, the unavailable period of CG/SPS configuration could be reused by other services or other UEs or the UE could also be configured by another SPS/CG configuration or scheduled via dynamic grant.
Proposal 1: 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: Although both the RAN and UE acquire the knowledge of TSN flow pattern by the TSCAI, the control from RAN is needed for picking the proper occasion of CG or SPS for data transmission.
Proposal 1: 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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