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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]In RAN2#105bis meeting, the SPS periodicity was discussed, resulting in the following agreements:
	· 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. 
Chair: there seems to be clear majority support to go down to 2sym SPS period, but for the moment there are a number of companies strongly opposing.
· 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.  


And an LS was sent to RAN1 accordingly [1].
The above discussion mainly focused on the shortest possible SPS periodicity. However we think that an equally-important issue is the granularity of periodicities of SPS and CGs, which we address in this contribution. 
Discussion
In the rest of the document we treat commonly SPS and CG periodicities and assume 0.5ms minimum periodicity, per RAN2 agreement so far. Therefore we take the CG periodicities as a starting point for discussion, provided it should equally apply to SPS (with a remaining uncertainty on the lowest values 2 and 7 symbols).
Rel-15 periodicity is defined in 38.331 [2] as follows:
	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
15kHz: 		 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30kHz: 		 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
60kHz with normal CP: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60kHz with ECP: 	 2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
120kHz: 		 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}


The approach of 2, 7, n*slot guarantees slot-aligned periods. Our first observation is that the lower range of the CG periodicity ≥ 500 µs provides limited granularity: 500, 625, 1000, 1250 µs, etc, as shown in Table 1 up to n = 10.
Observation 1: The lower range of the CG periodicity ≥ 500 µs provides limited granularity: {0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, …} ms.

[bookmark: _Ref897608]Table 1: Rel-15 CG periodicities (low range) for the 5 supported numerologies
	µ
	df [kHz]
	CG periodicity (us)

	
	
	symbols
	slots

	
	
	2
	7
	1
	2
	4
	5
	8
	10

	0
	15
	142.8571
	500
	1000
	2000
	4000
	5000
	8000
	10000

	1
	30
	71.42857
	250
	500
	1000
	2000
	2500
	4000
	5000

	2
	60
	35.71429
	125
	250
	500
	1000
	1250
	2000
	2500

	3
	120
	17.85714
	62.5
	125
	250
	500
	625
	1000
	1250

	4
	240
	8.928571
	31.25
	62.5
	125
	250
	312.5
	500
	625



Then, the question is: is this sufficient for TSN? In order to answer this question, we need to look further into the cycle times (i.e. traffic period) and end-to-end latency requirements of IIoT traffic.
Some existing IIoT solutions support very small cycle times, for example EtherCAT and PROFINET IRT support cycle times as low as 12.5 µs and 31.25 µs respectively. TSN 802.1Qbv also supports very low cycle times with a high flexibility in configuring the period value. This is why aiming at replicating the performance and flexibility of existing real-life IIoT standards/products would be overkill and SA1 preferred looking at the requirements from the applications side. Hence, we look at the TSN traffic period requirements from TS 22.104 [3] where TSN traffic cycle time corresponds to its transfer interval. The table aggregating the requirements for all periodic deterministic communication services is copied below for reference from [3].
As can be observed and pointed out in [4], the smallest values of transfer intervals are 0.5ms, 1ms, 2ms (yellow-highlighted) for motion control applications. However, some other transfer interval requirements are provided as value ranges instead of discrete value (green-highlighted). This is the case e.g. of control-to-control in motion control and mobile robots. Specifically, for mobile robots, Note 6 reads:
This covers different transfer intervals for different similar use cases with target values of:
· 1 ms,
· 1 ms to 10 ms,
· and 10 ms to 50 ms.
And there is no assumption on a maximum granularity.
Observation 2: TS 22.104 defines some TSN traffic cycle time requirements associated with some applications as value range e.g. 1 ms to 10 ms.
From the above, it is clear that cycle times of e.g. 1.2 ms, 1.5 ms, 2.4 ms, 3 ms should be supported, but are not supported by Rel-15 CG periodicities, because the value of n is limited to only few values in its lower range: n = {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, …}. For example, from observation 1, it is clear that in the [1ms-10ms[ range requirement for mobile robots from TS 22.104, only 7 values are available with current n: 1, 1.25, 2, 2.5, 4, 5, 8 ms.
Observation 3: The current coarse granularity of n for configuring a CG configuration periodicity prevents from addressing TS 22.104 cycle time requirements for some applications, e.g. mobile robots.
In order to solve this issue, we propose to improve the granularity of n as follows:
n={1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 32, 40, 64, 80, 128, 160, 320, 640} (for ex. for 15kHz).
Proposal: The slot factor n in Rel-16 SPS/CG periodicity is defined with a finer granularity in its lower range, compared to Rel-15, e.g: n = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 32, 40, 64, 80, 128, 160, …}.
Table 5.2-1 of [3]: Periodic deterministic communication service performance requirements
	Characteristic parameter
	Influence quantity
	

	Communication service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2)
	Service bit rate: user experienced data rate
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE 
speed
	# of UEs
	Service area 
(note 3)
	Remarks

	99,999 %
	below 1 year but >> 1 month
	< transfer interval value
	≥ 200 kbit/s
	≤ 200
	100 ms
	~ 500 ms
	≤ 160 km/h
	< 25
	50 km x 200 m
	Railbound mass transit - Control of automated train (A.3.2); (note 4) 

	99,999 % to 99,99999 %
	~ 10 years

	< transfer interval value
	–
	50
	500 μs 
	500 μs
	≤ 75 km/h
	≤ 20
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	–
	40
	1 ms 
	1 ms
	≤ 75 km/h
	≤ 50
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	–
	20
	2 ms 
	2 ms
	≤ 75 km/h
	≤ 100
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99,9999 %
	–
	< 5 ms
	1 kbit/s (steady state)
1,5 Mbit/s (fault case)
	< 1500
	< 60 s 
(steady state)
≥ 1 ms (fault case)
	TBD
	stationary
	20
	30 km x 20 km
	Electrical Distribution – Distributed automated switching for isolation and service restoration (A.4.4); (note 5) 

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	
	1 k
	≤ 10 ms
	10 ms
	-
	5 to 10
	100 m x 30 m x 10 m
	Control-to-control in motion control (A.2.2.2)

	> 99,9999 %
	~ 10 years
	< transfer interval value
	–
	40 to 250
	1 ms to 50 ms (note 6) (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots (A.2.2.3)

	99,9999 % to 99,999999 %
	~ 1 month
	< transfer interval value
	–
	40 to 250
	4 ms to 8 ms (note 7)
	transfer interval value
	< 8 km/h
	TBD
	50 m x 10 m x 4 m
	Mobile control panels – remote control of e.g. assembly robots, milling machines (A.2.4.1)

	99,9999 % to 99,999999 %
	~ 1 year
	< transfer interval
	–
	40 to 250

	< 12 ms (note 7)
	12 ms
	< 8 km/h
	TBD
	typically 40 m x 60 m; maximum 200 m x 300 m
	Mobile control panels -remote control of e.g. mobile cranes, mobile pumps, fixed portal cranes(A.2.4.1)

	99,9999 % to 99,999999 %
	≥ 1 year
	< transfer interval value
	–
	20
	≥ 10 ms (note 8)
	0
	typically stationary
	typically 10 to 20
	typically ≤ 100 m x 100 m x 50 m
	Process automation – closed loop control (A.2.3.1)

	99,999 %
	TBD
	~ 50 ms  
	–
	~ 100
	~ 50 ms
	TBD
	stationary
	≤ 100 000
	several km2 up to 100 000 km2
	Primary frequency control (A.4.2); (note 9)

	99,999 %
	TBD
	~ 100 ms
	–
	~ 100
	~ 200 ms
	TBD
	stationary
	≤ 100 000
	several km2 up to 100 000 km2
	Distributed Voltage Control (A.4.3) (note 9)

	> 99,9999 %
	~ 1 year
	< transfer interval value
	–
	15 k to 250 k
	10 ms to 100 ms (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots – video-operated remote control (A.2.2.3)

	> 99,9999 %
	~ 1 year
	< transfer interval value
	–
	40 to 250
	40 ms to 500 ms (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots (A.2.2.3)

	99,99 %
	≥ 1 week
	< transfer interval value
	–
	20 to 255
	100 ms to 60s (note 7)
	≥ 3 x transfer interval value
	typically stationary
	≤ 10 000 to 100 000
	≤ 10 km x 10 km x 50 m
	Process monitoring (A.2.3.2), Plant asset management (A.2.3.3)

	NOTE 1:	One or more retransmissions of network layer packets may take place in order to satisfy the communication service availability requirement.
NOTE 2:	Unless otherwise specified, all communication includes 1 wireless link (UE to network node or network node to UE) rather than two wireless links (UE to UE).
NOTE 3:	Length x width (x height).
NOTE 4:	2 UEs per train unit.
NOTE 5:	Communication includes two wireless links (UE to UE).
NOTE 6:	This covers different transfer intervals for different similar use cases with target values of 1 ms, 1 ms to 10 ms, and 10 ms to 50 ms.
NOTE 7:	The transfer interval deviates around its target value by < ± 25 %.
NOTE 8:	The transfer interval deviates around its target value by < ± 5 %.
NOTE 9:	Communication may include two wireless links (UE to UE)


Conclusion
This contribution discusses the need to upgrade the existing SPS/CG periodicities in support of the flexible TSN traffic cycle times. The resulting observations and proposals are as follows:
Observation 1: The lower range of the CG periodicity ≥ 500 µs provides limited granularity: {0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, …} ms.
Observation 2: TS 22.104 defines some TSN traffic cycle time requirements associated with some applications as value range e.g. 1 ms to 10 ms.
Observation 3: The current coarse granularity of n for configuring a CG configuration periodicity prevents from addressing TS 22.104 cycle time requirements for some applications, e.g. mobile robots.
Proposal: The slot factor n in Rel-16 SPS/CG periodicity is defined with a finer granularity in its lower range, compared to Rel-15, e.g: n = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 32, 40, 64, 80, 128, 160, …}.
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