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Introduction
[bookmark: _Toc524946176]In this paper, we discuss the following objective in the IIoT WID (RP-190728):
	· 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].


Discussion
The 5G system, integrated to a TSN network, will need to transfer industrial type of traffic. This traffic is generated many times from existing hardware, for example PLCs, where the periodicities cannot be adjusted. Such hardware typically takes years, if not decades, to be replaced. The periodicity of such hardware devices come from their frequency of operation (i.e., 100 or 120 Hz) that typically provides non-divisible periodicities for the TSN network.
Since the TSN and the CG/SPS periodicities do not match, the latter needs to be adjusted every now and then to reduce/minimize the mis-aligned latency (mis-aligned latency is denoted as the time that the TSN traffic waits for the configured grant to become available).  
Suppose the periodicity of the TSN flow is P and the closest CG/SPS periodicity to the TSN periodicity is P’. The difference between these two periodicities is Delta. The issue is that the mis-alignment delay is accumulated each time a new TSN packet arrives, that is, after N TSN packets, the mis-alignment latency between CG/SPS resource and packet arrival is N*Delta. To reduce the mis-alignment delay, the CG/SPS periodicity needs to be re-adjusted once the absolute value of N*Delta becomes large. To further reduce and even minimize the mis-alignment delay, the adjustment is needed when the value of N*Delta is larger than the smallest resource allocation unit in time (i.e., 2 OS). 
[bookmark: _Toc4057163][bookmark: _Toc4057186][bookmark: _Toc4057280][bookmark: _Toc4410052][bookmark: _Toc4410068][bookmark: _Toc4653331][bookmark: _Toc4654662][bookmark: _Toc4654934][bookmark: _Toc4655169][bookmark: _Toc5146625]CG/SPS resource might need to be adjusted after some number of packet arrivals to account for the accumulated differences due to periodicity mis-match between TSN and NR.

One solution, as discussed in the SI [1], is to leverage on a finer resource allocation (i.e., short SPS/CG periodicity, multiple configurations, and a combination thereof). The aim is to reduce the initial periodicity mis-match Delta, which will not resolve the issue itself but can reduce the frequency of the need for adjustment.  If the need for adjustment is less frequently by a finer resource allocation, the Rel-15 adjustment by DCI/RRC(for configured grant type 1 only) seems to be enough. 
[bookmark: _Toc4057164][bookmark: _Toc4057187][bookmark: _Toc4057281][bookmark: _Toc4410053][bookmark: _Toc4410069][bookmark: _Toc4653332][bookmark: _Toc4654663][bookmark: _Toc4654935][bookmark: _Toc4655170][bookmark: _Toc5146626]With potential enhancements (short periodicity and multiple configuration), the issue seems to be resolvable by existing adjustment method through DCI/RRC.

As captured in TR 38.825, Section 6.5.2, the severity of this issue depends on the traffic's latency requirement and the frequency of misalignment occurrences. 
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. For the deployment of 15 KHz sub-carrier spacing, the closest SPS/CG periodicity is 1 ms and suppose gNB allocate a transmission of 0.5 ms. The Delta is 0.167 ms and for every third packet (i.e., every 2.5 ms), the accumulated offset is 0.5 ms and this calls for a need for adjustment either through DCI or RRC.  This is very excessive.
On the other hand, for large TSN periodicity and more relaxed latency requirement, although the adjustment might be needed as well (e.g., every third packet in the case of a periodicity of 16.67 ms for 60 Hz), the relative overhead is small and the network can even use dynamic assignment or dynamic grants to support this large TSN periodicity.
[bookmark: _Toc4057165][bookmark: _Toc4057188][bookmark: _Toc4057282][bookmark: _Toc4410054][bookmark: _Toc4410070][bookmark: _Toc4653333][bookmark: _Toc4654664][bookmark: _Toc4654936][bookmark: _Toc4655171][bookmark: _Toc5146627]The adjustment overhead associated with Rel-15 mechanisms might be high for very short TSN periodicity.  

One simple solution to solve the issue with a short TSN periodicity is for gNB to over-provision more resources. 
For supporting this type of traffic (periodicity of 0.833 ms and latency target of 0.833 ms) over the 5G one example is given. The RAN delivery target is set to 0.5 ms. The configured grant resources are allocated every 0.5ms with a duration of 0.5ms (using a 7-symbol long mini-slot). That makes resources available at time 0, 0.5,1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5 milliseconds and so on. 
Table 2 Configured Grants to support the TSN traffic reducing the mis-alignment latency.
	
	1st
	2nd
	3rd
	4th 
	5th 
	6th
	7th
	8th

	Arrival time (ms)
	0
	0.833 
	1.667
	2.5
	3.333
	4.167
	5
	5.833

	RAN delivery target (ms)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Start of the CG resource with the least alignment latency (ms)
	0
	1
	2
	2.5
	3.5
	4.5
	5
	6


[bookmark: _Toc4654665][bookmark: _Toc4654937][bookmark: _Toc4655172][bookmark: _Toc5146628]gNB can over-provision more resources to solve the misalignment issues in the case of a very short TSN periodicity. 

The last row of the above table shows which CG resource is used for transmission. This means that not all available configured grants will be used, for that scenario only the 1st, 3rd, and 5th configured grants will be used, while the 2nd and the 4th are not utilized since there is no TSN traffic waiting to be transmitted. This pattern of configured grants continues over time to stay on par with the TSN pattern requirements. 
As illustrated above, from the knowledge on the TSN traffic periodicity and the configured-grant/SPS periodicity, gNB can find out those configured-grant/SPS resource allocation timings that will not be used by TSN traffic. Since no TSN traffic is expected from these allocated resources, it can be beneficial for system capacity point of view for gNB to schedule transmissions on those configured-grant/SPS resources for traffic from other UEs. 
[bookmark: _Toc4410056]As discussed in the paper, this issue can be solved by existing mechanisms in Rel-15 and other enhancements for SPS/CG (i.e., short periodicity and multiple configurations). Thus, we propose that 
[bookmark: _Toc4050563][bookmark: _Toc4057284][bookmark: _Toc4410072][bookmark: _Toc4653335][bookmark: _Toc4654667][bookmark: _Toc4654939][bookmark: _Toc4687809][bookmark: _Toc4687873][bookmark: _Toc5146632]Existing reconfiguration mechanisms in Rel-15 and other enhancements for SPS/CG (i.e., short periodicity and multiple configurations) can address the support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.

Conclusion
[bookmark: _GoBack]Based on the discussion above, the following observations have been made:
Observation 1	CG/SPS resource might need to be adjusted after some number of packet arrivals to account for the accumulated differences due to periodicity mis-match between TSN and NR.
Observation 2	With potential enhancements (short periodicity and multiple configuration), the issue seems to be resolvable by existing adjustment method through DCI/RRC.
Observation 3	The adjustment overhead associated with Rel-15 mechanisms might be high for very short TSN periodicity.
Observation 4	gNB can over-provision more resources to solve the misalignment issues in the case of a very short TSN periodicity.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	Existing reconfiguration mechanisms in Rel-15 and other enhancements for SPS/CG (i.e., short periodicity and multiple configurations) can address the support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.
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