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----------------------------------------------------------------------------------------------------------------------------
3. The detailed objectives for NR TSC-related enhancements include:
· 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.
----------------------------------------------------------------------------------------------------------------------------
We address the issues of shorter SPS periodicities (altogether with finer granularity periodicities of configured grants) in this contribution. 
Discussion
In TSN networks, the UE is no longer the termination point of a network but can be the entry point of a TSN link. Therefore the traffic is expected to be quite symmetrical in both directions of the bridge, hence in UL and DL. Hence SPS configuration should provide the same flexibility/granularity as configured grants (CG) configurations to address TSN streams in the same way while saving PDCCH resources. As a result we propose addressing commonly the SPS and CG periodicity upgrade in Rel-16.
Proposal 1: SPS and CG periodicities are identically upgraded in Rel-16.
In the rest of the document we treat commonly SPS and CG periodicities.
Given we support upgrading Rel-15 SPS periodicities to the same flexibility as configured grants, we take the CG periodicities as a starting point in this contribution, provided it should equally apply to SPS.
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. We show further down that TSN traffic periodicity requirements from TS 22.104 [3] do not go lower than 500 µs. 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.
· Note the lower values of Rel-15 (31.25 and 62.5) are for FR2 only.
[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



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.
[bookmark: _Ref901712]TS 22.104 requirements on cycle time and end-to-end latency
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. So it should be first checked which lower bound should be considered for a TSN traffic period from TS 22.104 [3] requirements.
Table 2: Extract from Table 5.2-1 of [3]: Table 5.2-1: Periodic deterministic communication service performance requirements
	Communication service availability: target value
	End-to-end latency: maximum
	Transfer interval: target value
	Survival time
	Remarks

	99,999 % to 99,99999 %
	< transfer interval value
	500 μs 
	500 μs
	Motion control (A.2.2.1)

	99,9999 % to 99,999999 %
	< transfer interval value
	1 ms 
	1 ms
	Motion control (A.2.2.1)

	99,9999 % to 99,999999 %
	< transfer interval value
	2 ms 
	2 ms
	Motion control (A.2.2.1)

	99,9999 %
	< 5 ms
	< 60 s 
(steady state)
≥ 1 ms (fault case)
	TBD
	Electrical Distribution – Distributed automated switching for isolation and service restoration (A.4.4);

	99,9999 % to 99,999999 %
	< transfer interval value
	≤ 10 ms
	10 ms
	Control-to-control in motion control (A.2.2.2)

	> 99,9999 %
	< transfer interval value
	1 ms to 50 ms
	transfer interval value
	Mobile robots (A.2.2.3)


In the above table, the transfer interval corresponds to the TSN traffic period, or cycle time. As can be observed, in all cases (even considering the whole original Table), the cycle times constitute an upper bound for the end-to-end latency, and take 500 µs as lower bound.
Observation 1: The lower end cycle time values of EtherCAT, PROFINET IRT or 802.1Qbv below 500 µs are not in the scope of this WI.
Observation 2: In all use cases from TS 22.104, the end-to-end latency is smaller than or equal to the cycle time.
Impact on SPS/CG periodicities
As discussed in Section 2.1, we only need to consider the case where the end-to-end latency is smaller than or equal the cycle time. In such case, the solution consists in oversampling the cycle time with SPS/CGs resources and to use only one SPS/CG out of N. The (oversampling) SPS/CG periodicity is chosen to meet the end-to-end latency requirement, rather than the cycle time.
Let’s take an example: cycle time = 0.6ms; end-to-end latency = 0.5ms. As shown in Figure 2, such usecase can be addressed with the following periodicities for the different numerology cases: 
· @ 15kHz numerology, SPS/CG periodicity = 2 symbols ≈ 143 µs, N = 4;
· @ 30kHz numerology, SPS/CG periodicity = 7 symbols = 250 µs, N = 2;
· @ 60kHz numerology, SPS/CG periodicity = 7 symbols = 125 µs, N = 5;
Then the question is: what to do with unused SPS/CG resources to avoid spectral waste?
Without changing the legacy CG configuration, the unused CGs will be skipped. Then their resource can be re-used by other CGs or by dynamic scheduling (see intra-UE multiplexing and prioritization solutions).
Another option is to upgrade the SPS/CG configuration by indicating the “modulo N” to the UE so it only considers one SPS/CG resource every N. This is already supported by the current specification for slot periods, but not for 2-symbol or 7-symbol periods. Hence, all needs to be upgraded is:
1) Supporting of periodicities expressed as n*(2-symbols) and n*(7-symbols);
2) Allowing finer granularity for n in the lower range.
For example, Rel-16 SPS/CG periodicity can be defined as:
n*2, n*7, n*14 symbols; 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).



[bookmark: _Ref902562]Figure 2: The end-to-end latency is smaller than the cycle time

Proposal 2: Rel-16 SPS/CG periodicity is defined as n*2, n*7, n*14 symbols with finer granularity of n in the lower range compared to Rel-15.
Conclusion
This contribution discusses the need to upgrade the existing SPS/CG periodicities in support of the flexible TSN traffic cycle times and end-to-end latency. The resulting observations and proposals are as follows:
Proposal 1: SPS and CG periodicities are identically upgraded in Rel-16.
Observation 1: The lower end cycle time values of EtherCAT, PROFINET IRT or 802.1Qbv below 500 µs are not in the scope of this WI.
Observation 2: In all use cases from TS 22.104, the end-to-end latency is smaller than or equal to the cycle time.
Proposal 2: Rel-16 SPS/CG periodicity is defined as n*2, n*7, n*14 symbols with finer granularity of n in the lower range compared to Rel-15.
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