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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved. One of the study areas in this SI is “L2/L3 enhancements”. This contribution focuses on the sub-area “enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804”.
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As summarized in TR 22.804 [2], two noteworthy characteristics of communication in automation are: periodicity and determinism. Determinism here means that the delay of message delivery is bounded. Compared to the eMBB traffic, there are two typical distinct traffic classes in TSN, i.e., 
-	deterministic periodic communication; 
-	deterministic aperiodic communication. 
Deterministic periodic communication stands for periodic communication with stringent requirements on timeliness of the transmission. Deterministic aperiodic communication stands for communication without a preset sending time.  

NR Rel-15 has introduced a basic set of tools for ultra-reliable low latency communications. The target is to send a PDU of 32 bytes with a bounded delay target of 1 ms and a latency-miss probability of 10^-5. Such tools can be used to support TSN traffic. However, TSN-related requirements identified in clause 8.1 of TR 22.804 [2] are more challenging. Some salient points are:
1. It is clearly mentioned to support periodic traffic. 
2. There is a stricter QoS requirement for the message delivery with a lower latency target and a smaller loss probability, e.g., 1 ms latency target with 10^-6 loss probability. 
3. In addition to a stricter requirement, the message size is significantly larger than 32 bytes, as required in Rel-15 and, in some scenarios, there is a requirement on the service bit rate which is not considered in Rel-15.
Since DL traffic and scheduling is under gNB control, most of the potential enhancements that require specification are on UL. In what follows, we discuss potential scheduling enhancements to satisfy these QoS requirements related with periodic traffic and stricter requirement in latency and requirement.  
On support for deterministic periodic traffic
With periodic traffic, packets arrive within intervals and most periodic intervals in communication for automation are rather short. This fits quite well in the configured grant framework in which the configured grant is configured and/or activated only once and can reoccur periodically afterwards. 
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1. Multiple configured grant configurations per BWP. Currently, there is a limitation of one configured grant per BWP. Multiple configured grant configurations per BWP is beneficial to support multiple periodic data flows, and we do not see any technical challenges to do so since multiple SPS (LTE-equivalent of configured grant type 2) configurations has been introduced in V2X and HRLLC. 
2. Study how to better align the configured grant resource allocation to the characteristics of the periodic TSN traffic pattern, in terms of periodicity, offset and message size. A mis-alignment between the traffic arrival and the allocated resource leads to delay for each packet. A natural follow-up challenge, of course, is to make sure the alignment work properly under some uncertainties such as message arrival jitter. 
3. Study benefits of introducing a restriction of the configured grant to be used only by the periodic traffic. This could also be beneficial in a mixed-traffic scenario.  
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On dynamic scheduling support for a stricter requirement 
As stated above, NR Rel-15 has introduced a basic set of tools for ultra-reliable low latency communications to target a miss probability of 10^-5 for a latency bound of 1ms and a PDU size of 32 bytes, which does not satisfy the stricter requirement for TSN traffic (see TR 22.804). Although, a stricter requirement related with reliability/latency/packet-size would mostly be tackled by physical layer enhancement studied in eURLLC SI/WI and/or PDCP duplication enhancement in this NR-IIOT SI/WI, some further MAC layer scheduling enhancements could be considered: 
1. Rel-15 discussed the possibility of changing the priority rules between critical/non-critical LCHs and MAC CE for LCP [R2-1802719]. One could envision that the resources are limited, hence UE should prioritize the transmission of the critical LCH transmission over other, including some MAC CEs. For example, one of these low priority MAC CE can be the BSR MAC CE for low priority LCH, in addition to the PHR MAC CE.  
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Conclusion
We propose the following:
Proposal 1	Configured grant is a feasible basis to support deterministic periodic traffic.
Proposal 2	RAN2 to focus on studying enhancements for configured grant to better support deterministic periodic traffic.
[bookmark: _GoBack]Proposal 3	RAN2 to further study LCH and MAC CE priority in LCP to support a stricter TSN traffic requirement.
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