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[bookmark: _GoBack]Introduction
In RAN#83 plenary meeting, the Rel-16 IIoT work item has been approved. In this contribution, we discuss the progress of the work item, and how the work item scope can be adjusted so that it can be completed on time and produce high-quality specification work.
[bookmark: _Ref178064866]Discussion
One practical issue of IIoT work item is, several technical topics require RAN1 investigation. However, no time unit is allocated in RAN1 for IIoT. Instead, it was assumed that some time can be carved out from RAN1-led eURLLC work item to handle the IIoT related RAN1 work. This caused IIoT related RAN1 work to be assigned relatively low priority in the RAN1 eURLLC work plan. 
[bookmark: _Toc9872912]No RAN1 time unit has been allocated for IIoT work item.
[bookmark: _Toc9872915]Explicitly allocate RAN1 time unit for IIoT work item.

If dedicated time unit cannot be provided in RAN1, then correspondingly IIoT related RAN1 work should be reduced in scope. In the sections below, we make recommendations on scope adjustment, taking into the progress in RAN2 and RAN1 to-date.

UL Data/Control and Control/Control Resource Collision 
One objective of the IIoT work item is to address UL data/control and control/control resource collision. 
Correspondingly, in RAN1#97, companies are encouraged to fill in solutions, e.g. multiplexing, prioritization, for each scenario in the resource collision table. There is a total of 18 collision combinations that need to be addressed. This is obviously too much to address one-by-one. 

Note that the de-prioritized transmission is related with low-priority traffic and they can be recovered by existing higher layer re-transmission mechanisms.  In RAN2#106, some agreements have been reached on how to handle the de-prioritized PUSCH due to prioritization. These specification enhancements assume that the de-prioritized PUSCH transmission is discard/lost. In other words, specific multiplexing enhancements/optimizations in PHY layer are not required for these features. To simplify the work, we recommend that only prioritization behavior is considered, with the deprioritized signal or channel discarded. The specific enhancements related with multiplexing can be left for later release.
[bookmark: _Toc9872916]In Rel-16, only consider prioritization (i.e. not “multiplexing”) behavior for resource collision among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities (including the cases with UCI on PUCCH and UCI on PUSCH).

This can be achieved by revising the objective to the following [1]:
· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

Intra-UE UL Resource Collision
One objective of the IIoT work item is to address resource conflicts involving multiple CGs. For conflicts involving multiple CGs, this may happen when multiple configured grant configurations are active simultaneously. 

When two configured grants are intended for two different priority traffic, UE MAC layer prioritization procedure can take into account the different priority levels of the colliding configured grants. If there is a need to preempt the low priority configured grant transmission by the high priority configured grant transmission on the PHY layer, the PHY layer mechanism should remain the same as the case between dynamic grant and configured grant conflict. 
When two configured grants are intended for same priority traffic, these have been discussed in LTE under the umbrella of multiple UL SPS collision. In LTE, for the occasions that multiple UL SPS collide, then it’s up to UE implementation to determine which UL SPS to transmit. Alternatively, eNB can send a dynamic grant to carry the traffic of overlapping UL SPS. The UE follows the dynamic grant to transmit PUSCH and ignores the grants of the multiple colliding UL SPS since dynamic grant is prioritized over UL SPS.  The similar solutions can be adopted in NR, with clearly no RAN1 impacts. 

As can be observed, there is no need to specify additional enhancements related to multiple conflicting configured grants in RAN1.
[bookmark: _Toc9872917]RAN1 does not specify additional enhancements to address conflicts involving multiple CGs.

This can be achieved by revising the 2nd objective as in the following:
2. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· A common solution in PHY to address resource conflicts between dynamic grant (DG) and configured grant (CG) and between one CG and another CG. [RAN1]
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].
Accurate Reference Timing delivery
One objective of the IIoT work item is to satisfy specify accurate reference timing delivery in order to satisfy synchronization requirements as defined in TS 22.104. The objective is copied below [1]:
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].

As described in [3], in order to satisfy the tightest synchronization requirement, the propagation delay compensation needs to be applied by the TSN UEs for larger service areas with more sparse cell deployments, e.g., for UEs with synchronization accuracy requirement of 1 µs but inter-site distance greater than 200m.  On the other hand, for small service areas with dense small cell deployments a propagation delay compensation by the UE would not be required.
In RAN2#106, an LS [2] was sent from RAN2 to RAN1 regarding propagation delay compensation for reference time information delivery. Depending on RAN1 analysis, it might require further PHY enhancements or new discussions on requirements. Since propagation delay compensation is only needed for UEs with tightest accuracy requirement in macro-cell deployment, this study is not of critical importance. Hence, we recommend that any PHY layer enhancements (if any) for propagation delay compensation are delayed to Rel-17.
[bookmark: _Toc9872913]Propagation delay compensation is only needed for UEs with synchronization accuracy requirement of <1 µs in macro-cell deployment.
[bookmark: _Toc9872918]PHY layer enhancements (if any) for propagation delay compensation are down prioritized from Rel-16.
This can be achieved by revising the 3rd objective to the following:
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]. Note: PHY layer enhancements (if any) for propagation delay compensation in macro-cell deployment with 1us sync requirement are not considered in this release.

TSC Message Periodicity
Another objective of the IIoT work item is to support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.  
It has been agreed in RAN2#105bis that this issue can be addressed using CG/SPS enhancements that are going to be specified in Rel-16 or using Rel-15 mechanisms, for example, CG/SPS with shorter periodicities, multiple CG/SPS configurations, dynamic adjustment of the resource allocation by DCI, etc.  Although it is also agreed that other solutions to address resource consumption is not precluded, we consider these other solutions are for optimization and any special procedure to support this might require significant specification work. Thus, this objective can be considered complete from RAN2 point of view and no more RAN1 work is expected. 
[bookmark: _Toc9872914]Addressing support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities can be considered complete in this work item.
[bookmark: _Toc9872919]RAN1 does not specifically address support for TSC message periodicities with non-integer multiple of CG/SPS periodicities.

This can be achieved by revising the 3rd objective to the following:
3. The detailed objectives for NR TSC-related enhancements include:
…
· 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].

Ethernet header compression 
Another objective of the IIoT work item is to specify Ethernet header compression. This objective is also considered for LTE. Extending ROHC was one of the candidate solutions when the work item was first approved. If extending ROHC were agreed, then extending the solution to LTE would be rather straightforward by adding a new ROHC profile ID. 
However, it is agreed in RAN2#105bis that 3GPP develop Ethernet header compression 100% in 3GPP TS (not by extending ROHC). RAN2 has just started to discuss the design principle in the last meeting and we will develop Ethernet header compression by extending NR PDCP. 
Although the solutions on principle level could be similar, we would expect significant differences in detail when they come to LTE specification, for example, the LTE PDCP PDU format, feedback mechanisms, the impacts to LTE RRC specification, etc. 
Therefore, we recommend the support of Ethernet header compression on LTE to be removed from the WI. 
[bookmark: _Toc9872920]Support of Ethernet header compression solution for LTE is down-prioritized from the work item.

This can be achieved by revising objective 
3. The detailed objectives for NR TSC-related enhancements include:
…
· [bookmark: _Hlk9851772]Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· [bookmark: _Hlk9851909]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.

Conclusion
In the previous sections we made the following observations: 
Observation 1	No RAN1 time unit has been allocated for IIoT work item.
Observation 2	Propagation delay compensation is only needed for UEs with synchronization accuracy requirement of <1 µs in macro-cell deployment.
Observation 3	Addressing support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities can be considered complete in this work item.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Explicitly allocate RAN1 time unit for IIoT work item.
Proposal 2	In Rel-16, only consider prioritization (i.e. not “multiplexing”) behavior for resource collision among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities (including the cases with UCI on PUCCH and UCI on PUSCH).
Proposal 3	RAN1 does not specify additional enhancements to address conflicts involving multiple CGs.
Proposal 4	PHY layer enhancements (if any) for propagation delay compensation are down prioritized from Rel-16.
Proposal 5	RAN1 does not specifically address support for TSC message periodicities with non-integer multiple of CG/SPS periodicities.
Proposal 6	Support of Ethernet header compression solution for LTE is down-prioritized from the work item.
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