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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the new WID, the following enhancements related to TSN message periodicities were accepted [1]:
	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].
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]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 TSN 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.



As described in TR 38.525[2], in TSN use cases, the periodicity of data packets which are sent depends on application and in majority of the cases, it is not possible to modify it. There may be use cases where periodicity values are not a multiple of NR slot or symbol period, which are used to configure the CG/SPS periodicity. The severity of this issue depends on the traffic's latency requirement and the frequency of misalignment occurrences.
The following solutions could potentially help in resolving or mitigating the issue:
-	Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
[bookmark: _Hlk944152]-	Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof (for SPS, support for shorter periodicities than those available in Rel-15 may be required)
-	More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration, e.g. based on network configuration or dynamic network signaling and which could be based on knowledge of TSN traffic pattern
-	Applying de-jittering buffer at the edges of 5G system
In this contribution, we discuss these potential solutions to solve the issue and analyze their impact on the physical layer specification.
[bookmark: _Ref129681832]Discussion
Analysis of solutions provided by RAN2
In this section, we discuss the details about the 4 solutions provided by RAN2 and assess their advantages and disadvantages.
-	Solution1： Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
RRC reconfiguration (per current specification) does not have specification impact, but this would require the SPS/CG configuration to be often updated to be aligned with the traffic arrival time. This solution is very inefficient because of signaling overhead, especially when the gNB supports multiple UEs configured with multiple active Configured Grants. 
[bookmark: OLE_LINK1]Observation 1: RRC reconfiguration frequently with updated SPS/CG resource would increase RRC signaling overhead. 
-	Solution2： Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof (for SPS, support for shorter periodicities than those available in Rel-15 may be required)
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK8]In NR Release 15, the periodicity of SPS/CG is configured by RRC signaling. The value of the CG periodicity could be set to 2OS, 7OS, or {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640} slots for 15 kHz SCS. The value of the SPS periodicity could be set to {10, 20, 32, 40, 64, 80, 128, 160, 320, 640} ms. Some companies proposed to introduce shorter periodicities, maybe down to symbol level, to resolve the misalignment between traffic and resource timing. But the TSN message may not need to be sent every symbol, the periodicity of the traffic may be multiple times of resources, which would cause a waste of resource. Moreover, the receiver may have to blind decode the data on every configured resource, which will increase the processing time and complexity at the receiver. 
In NR Release 16, it has been agreed to support multiple CG/SPS configurations for a given BWP of a UE, which may help to solve the misalignment problem. But this is still not a method that would utilize the resources efficiently. For example, if the traffic periodicity is Pt=3 symbols, the gNB has to configure 2 configurations with staggered time domain resources, and both of the 2 configurations’ periodicity would need to be P=2 symbols. The gNB may allocate more resources than actually needed to ensure that the latency requirement could be met. As shown in figure 1, two thirds of the resources may not be occupied. Therefore, more efficient resource utilization schemes should be studied if solution 2 is applied. For example, usage of periodicity scaling to make the SPS/CG resources to better match the traffic patterns.


[bookmark: _Ref3555799]Figure 1 example of multiple CG/SPS configurations
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK22]Observation 2: For SPS/CG, shorter periodicities or multiple configurations or combination thereof would cause resources wasting and processing complexity for receiver. 
- 	Solution3： More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration, e.g. based on network configuration or dynamic network signaling and which could be based on knowledge of TSN traffic pattern
Usage of dynamic signaling is also proposed as a more flexible and efficient way for resource timing adjustment compared to RRC reconfiguration. The gNB may use DCI or MAC CE to indicate the UE to adjust the resource timing, if it cannot satisfy the latency requirement owed to the misalignment between the traffic arrival and the reserved SPS/CG resources. As shown in figure2, resource periodicity P is the smallest periodicity value that is larger than the traffic periodicity Pt. The deviation between the periodicity of the resource and that of traffic is d=P-Pt. As the misalignment would be accumulated over time, set the accumulated deviation as D=sum (d). If the traffic’s latency requirement E cannot be met due to D, the gNB and the UEs may need to adjust the resource timing by R based on the accumulated deviation D, R could be indicated by dynamic signaling or could be preconfigured.


Figure 2 CG/SPS configurations adjustment by dynamic signaling
Maybe only the adjustment of resource timing needs to be indicated in the dynamic signaling, other parameters such as frequency domain resource assignment, MCS, RV, do not need to be adjusted. So we may apply the scheme used for activation or release for DL SPS and UL grant Type 2 in NR. For example, achieving validation of the DCI format by setting frequency domain resource assignment field or MCS field to fixed values, indicating the adjustment of resource timing by time domain resource assignment field.
Proposal 1: Further study the mechanism to adjust the SPS/CG resource more efficiently.  
-		Solution4： Applying de-jittering buffer at the edges of 5G system
Applying de-jittering buffer is a solution in application layer, therefore, this solution does not require specification effort in RAN1, it should be handled by higher layers or implementation. 
Observation 3: Applying de-jittering buffer should be handled by higher layers or implementation. 
Conclusion
This contribution mainly discusses the four potentially solutions to solve the issue of misalignment between traffic and resource timing, analysis their impact on physical layer specification. Based on the discussions, the following observation and proposals are given:
Observation 1: RRC reconfiguration frequently with updated SPS/CG resource would increase RRC signaling overhead. 
[bookmark: _GoBack]Observation 2: For SPS/CG, shorter periodicities or multiple configurations or combination thereof would cause resources wasting and processing complexity for receiver. 
Observation 3: Applying de-jittering buffer should be handled by higher layers or implementation. 
Proposal 1: Further study the mechanism to adjust the SPS/CG resource more efficiently.  
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