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Introduction
According to the WID of NR IIoT [1], the WI should address the following objectives for NR TSC-related enhancements:
· 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].
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will provide our further consideration on the above objectives for TSC traffic and give our proposals. 
[bookmark: _Ref178064866]Discussion
In NR IIoT, the potential issues and enhancement are captured to support TSC traffic. During latest RAN2 meeting, the consensus is achieved on some topics but with FFS left. In this paper, we will address them in the following:
Short periodicities of TSC messages
According to to the agreement from RAN2#105bis [2]
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.  
It is clear that short SPS periodicities should be supported, at least down to 0.5ms. The left issue is on the necessity of a shorter periodicity, e.g. 2 symbol.
Observation 1 [bookmark: _Toc3973776][bookmark: _Toc4500277][bookmark: _Toc4710741][bookmark: _Toc4752524][bookmark: _Toc4752690][bookmark: _Toc4759999][bookmark: _Toc4761159][bookmark: _Toc7596280][bookmark: _Toc7597652][bookmark: _Toc7726108][bookmark: _Toc16255041][bookmark: _Toc16755755]FFS to support shorter SPS periodicity e.g. 2 symbol.
As mentioned in TR 22.804 clause 8.1[2], the most stringent requirement of latency tolerance/transmission period is 0.5ms. Refer to TS 38.211 and TS 38.331, the minimum value of a CG periodicity is 2 symbol and the maximum value of one OFDM symbol duration is 66.67 us, thus the minimum interval time is less than the required transmission period in NR IIoT. Hence, the transmission period requirement in NR IIoT can be supported by current CG configuration.
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}

Observation 2 [bookmark: _Toc3973777][bookmark: _Toc4500278][bookmark: _Toc4710742][bookmark: _Toc4752525][bookmark: _Toc4752691][bookmark: _Toc4760000][bookmark: _Toc4761160][bookmark: _Toc7596281][bookmark: _Toc7597653][bookmark: _Toc7726109][bookmark: _Toc16255042][bookmark: _Toc16755756]The most stringent latency tolerance/transmission period requirement is 0.5ms.
Observation 3 [bookmark: _Toc3973778][bookmark: _Toc4500279][bookmark: _Toc4710743][bookmark: _Toc4752526][bookmark: _Toc4752692][bookmark: _Toc4760001][bookmark: _Toc4761161][bookmark: _Toc7596282][bookmark: _Toc7597654][bookmark: _Toc7726110][bookmark: _Toc16255043][bookmark: _Toc16755757]The transmission period requirement in NR IIoT can be supported by current CG configuration. The periodicity in sub-slot level is 2 or 7 symbol for normal CP and 2 or 6 symbol for extend CP.
We propose RAN2 first focus on the periodicity of 2/6/7 symbol for DL SPS since TSC traffics are symmetric-like traffic at the most case. Figure 1 shows processing procedure considering jitter and processing time. For figure 1(a), data arrives early enough to prepare data for the latest SPS occasion, and then one-way latency P1 is the sum of gap between data arrival and the latest SPS occasion, transmission duration and decoding time. For figure 1(b), data arrives too late to prepare data for the latest SPS occasion, and then one-way latency P2 is the sum of gap between data arrival and the latest SPS occasion, SPS periodicity, transmission duration and decoding time. It is assumed that data preparation =1/2*N2, Transmission duration =2 symbols, decoding time =1/2*N1, and N2=5.5 symbols, and N1= 4.5 symbols for capability 2 UE when SCS=30 kHz.  Then P1 is larger than 7 symbols but smaller than 7 symbols plus SPS periodicity, P2 is smaller than 7 symbols plus SPS periodicity but larger than 5 symbol plus SPS periodicity. So if one-way latency is not larger than 0.5ms, SPS periodicity is smaller than 9 symbols for 30 kHz. So 7-symbol periodicity should be supported to meet 0.5ms one-way latency and 2-symbol periodicity can be considered to support flexible transmission duration and relax UE processing capability.

[image: ] [image: ] 
(a)                                                                  (b)
Figure 1 SPS processing procedure
One may argue that extra normative work, e.g. HARQ- ACK feedback enhancement will be introduced to support symbol-level SPS periodicity. Considering that similar issue is already concerned in slot-level SPS periodicity, we think no additional work is needed solely for symbol-level SPS periodicity. One common solution both for slot-level periodicity and symbol-level periodicity is preferred. 
[bookmark: _Toc7596285][bookmark: _Toc7597657][bookmark: _Toc7726113][bookmark: _Toc16255077][bookmark: _Toc16755759]7-symbol periodicity should be supported to meet 0.5ms one-way latency and 2-symbol periodicity can be considered to support flexible transmission duration and relax UE processing capability.

TSC message periodicities with non-integer multiple of NR supported periodicities
[bookmark: _Toc528848624]According to the agreement from RAN2#105bis [2]
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.
Different use cases in industry needs to be supported in IIoT, and not all TSC message periodicities is integer multiple of CG/SPS periodicity supported in NR. For example, in a smart grid application, the traffic period can be 0.833ms (corresponding to 1200 Hz) and the latency guarantee is 0.833ms. Assuming the configured SPS periodicity is 0.5ms to fulfill the latency of this application, it is obvious that not all SPS grant are to be used and resource waste is inevitable (if there is no other traffic is available and can be carried on the configured SPS).
	
	1st
	2nd
	3rd
	4th 
	5th 
	6th
	7th

	Time point of SPS configuration(ms)
	0
	0.5
	1
	1.5
	2
	2.5
	3

	SPS resource to be used/Traffic arrival time (ms)
	Yes/0
	No
	Yes/0.883
	No
	Yes/1.667
	Yes/2.5
	No

	Resource waste
	
	○
	
	○
	
	
	○


Table 2 The example of misalignment between TSC periodicity and SPS periodicity.
Observation 4 [bookmark: _Toc7596284][bookmark: _Toc7597656][bookmark: _Toc7726112][bookmark: _Toc16255044][bookmark: _Toc16755758][bookmark: _Toc4654665][bookmark: _Toc4654937][bookmark: _Toc4655172]Resource over-provision exists in the case where TSC periodicity and CG/SPS periodicity are misaligned.
One potential solution, such as a flexible network configuration-based method, can be considered to address resource consumption. For example, RAN2 might consider a specific time-frequency resource pattern, which is configured by the network to transmit packets of such TSC traffic. The resource pattern is calculated based on the periodicity of the traffic pattern & the time duration of one symbol. In details, the time-frequency resource pattern can be calculated by gNB or UE. One way is that the network provides the specific time-frequency resource pattern to UE, which is used to indicate each transmission point. Another way is that the network indicates the specific assistant information to UE, i.e. traffic period, which is used by the UE to calculate a related time-frequency resource pattern. Then, the UE and the network can use such resource pattern to carry packets belonged to this TSC traffic, and the resource consumption can be avoided.  
[bookmark: _Toc4500287][bookmark: _Toc4710751][bookmark: _Toc4711531][bookmark: _Toc4752534][bookmark: _Toc4752569][bookmark: _Toc4752700][bookmark: _Toc4760009][bookmark: _Toc4761158][bookmark: _Toc7596287][bookmark: _Toc7597659][bookmark: _Toc7726115][bookmark: _Toc16255079][bookmark: _Toc16755760][bookmark: _Toc3978126][bookmark: _Toc3978127][bookmark: _Toc4752535][bookmark: _Toc536866773][bookmark: _Toc886796][bookmark: _Toc1132115][bookmark: _Toc3978128][bookmark: _Toc4500288][bookmark: _Toc4710752][bookmark: _Toc4711532]The network configuration-based method can be considered, e.g. specific time-frequency resource pattern, to address the issue on the misalignment between TSC periodicity and CG/SPS periodicity.

Conclusion
Based on the discussion above, we made the following observations:
Observation 1	FFS to support shorter SPS periodicity e.g. 2 symbol.
Observation 2	The most stringent latency tolerance/transmission period requirement is 0.5ms.
Observation 3	The transmission period requirement in NR IIoT can be supported by current CG configuration. The periodicity in sub-slot level is 2 or 7 symbol for normal CP and 2 or 6 symbol for extend CP.
Observation 4	Resource over-provision exists in the case where TSC periodicity and CG/SPS periodicity are misaligned.

And propose the following:
Proposal 1	7-symbol periodicity should be supported to meet 0.5ms one-way latency and 2-symbol periodicity can be considered to support flexible transmission duration and relax UE processing capability.
Proposal 2	The network configuration-based method can be considered, e.g. specific time-frequency resource pattern, to address the issue on the misalignment between TSC periodicity and CG/SPS periodicity.
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