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Introduction
In RAN#80, the new RAN2-lead study item on NR Industrial IoT (NR-IIoT, [1]) was approved. For some items in the SID, the detailed objective and description were left open to be refined in RAN#81. We will discuss those aspects in this contribution. 
[bookmark: _Ref178064866]Discussion
Data duplication and higher layer multi-connectivity
The detailed scope of data duplication enhancements was left open in the current SID [1]. In Rel-15 the basic support for PDCP packet duplication was introduced, for Rel-16 further enhancements of PDCP packet duplication could be considered, focussing in particular on enhancing the efficiency of PDCP packet duplication, i.e. methods or coordination among nodes supporting more dynamic duplication, when needed. 
[bookmark: _Toc523754219][bookmark: _Toc523761082][bookmark: _Toc523760410][bookmark: _Toc523764909][bookmark: _Toc523777693]As data duplication enhancement, study methods of resource-efficient PDCP duplication (e.g. duplicate only when needed) including aspects of inter-node coordination (RAN2/3).
Furthermore, RAN support for solutions developed in SA2 [2] should be studied as part of this SI. Thereby, both solutions based on redundant user plane paths based on multi-connectivity, as well as solutions based on multiple UEs per industrial device for user plane redundancy should be considered. These solutions serve different purposes, i.e. in case of multiple UEs redundancy is provided against e.g. node failures, while with DC (or even CA) based solution, redundancy against link failures and a fast recovery time is targeted. Therefore, both solutions should be included in this study.
[bookmark: _GoBack]Another aspect is inter-node coordination of the user plane paths, i.e. ensuring that both paths are not handled via the same node/cell, so that the connection is reliable against node failures as well as link failures.
[bookmark: _Toc523764910][bookmark: _Toc523777694][bookmark: _Toc523754221][bookmark: _Toc523761084][bookmark: _Toc523760412][bookmark: _Toc523764911][bookmark: _Toc523777695]Study enhancements in RAN for redundant user plane paths based on multi-connectivity and support of multiple UEs per industrial device for user plane redundancy (SA2 solutions under development [2]), (RAN2/3).
Furthermore, it can be discussed whether multi-connectivity with more than two paths is considered within this study item. URLLC requirements can be fulfilled already today given the enhancements to the physical layer robustness and latency in Rel-15, leading to very low residual probabilities for retransmissions. With PDCP duplication over different carriers, these residual errors are diminished even more. Therefore, we do not see a need to provide multiple-connectivity going beyond two aggregated carriers, but see it rather in the focus to rely on dual connectivity, but enhancing its efficiency. Multi-connectivity has also rather large specification impact.
[bookmark: _Toc523760413][bookmark: _Toc523764912][bookmark: _Toc523777696]Multi-connectivity with more than two paths is out of scope of this SI.
Intra-UE multiplexing
For aspects of intra-UE multiplexing, it was noted in the SID that a clarification is required. First of all, it seems that with the introduction of DL pre-emption in Rel-15, no further DL aspects are required to be studied, therefore we propose to remove “DL” from the study.
[bookmark: _Toc523754222][bookmark: _Toc523761085][bookmark: _Toc523760414][bookmark: _Toc523764913][bookmark: _Toc523777697]Do not study DL-aspects of intra-UE multiplexing/prioritization/pre-emption. 
For the UL, the SID on eURLLC [3] currently covers aspects of UL inter UE prioritization/multiplexing, for which RAN1 signalling aspects are in focus. For UL-intra UE prioritization/multiplexing we foresee both RAN2 as well as RAN1 aspects: for RAN2 aspects of multiplexing i.e. the LCP procedure could be studied to be able to provide a deterministic latency for URLLC services (logical channels), i.e. also in the case an UL pre-emption (intra-UE) become necessary to fulfil the latency requirement. For UL-pre-emption, which we could clarify to be included in the item on UL intra-UE multiplexing, also RAN1 aspects are to be covered.
Furthermore, we believe that in an industrial communication system multiplexing of different services with different priorities (MBB with different URLLC services) plays and important role. E.g. it can be envisaged that a communication device connected to an industrial robot would typically be utilized both for e.g. software updates (MBB) and control loops with different requirements/cycles (multiple URLLC), instead of that isolated communication modules would be employed instead; therefore the study should include those multiplexing aspects.
[bookmark: _Toc523754223][bookmark: _Toc523761086][bookmark: _Toc523760415][bookmark: _Toc523764914][bookmark: _Toc523777698]Consider both RAN2 aspects (e.g. LCP) as well as RAN1 aspects  in study of UL intra-UE prioritization/multiplexing for services with different priorities (e.g. MBB and different URLLC services). Clarify that UL intra-UE pre-emption is included in the objective.
Reference timing
Accurate reference time provisioning is listed as one objective of this study item and deals with the delivery and process (e.g. by SIB or dedicated RRC signalling) of a reference time to the UE. However, requirements on the accuracy are only listed in the SID of eURLLC [3], but from our point of view, for the accurate reference timing solution, we do not foresee any RAN1 aspects. So in [4] we propose to remove those aspects from the eURLLC [3] description and capture them instead in the NR-IIoT SID, i.e. provisioning of a reference time with accuracy of a few µs.
[bookmark: _Toc523754224][bookmark: _Toc523761087][bookmark: _Toc523760416][bookmark: _Toc523764915][bookmark: _Toc523777699]Clarify that accurate reference time down to the order of a few µs is to be supported.
Scheduling 
The SID [1] lists the following enhancements for supporting time sensitive networking related to scheduling: scheduling enhancements / traffic patterns / QoS for wireless Ethernet / Enhancement to support of cyclic traffic. We should thus clarify the overall goal of the study to be the provisioning of deterministic transport with a bounded latency for packets, especially focussing on cyclic traffic, as also targeted by TSN. One particular feature in RAN2 to support this is configured scheduling with configured UL grants, for which we believe enhancements should be studied in RAN2 and explicitly mentioned in the SID. This may for example include to study aspects of configuration of an UL pattern catering of cyclic traffic, or priority handling between configured grants and dynamic grants.
[bookmark: _Toc523754225][bookmark: _Toc523761088][bookmark: _Toc523760417][bookmark: _Toc523764916][bookmark: _Toc523777700]Clarify that the intention of scheduling enhancements within this study is to provide deterministic transport with a bounded latency for packets with a focus on cyclic traffic.
[bookmark: _Toc523754226][bookmark: _Toc523761089][bookmark: _Toc523760418][bookmark: _Toc523764917][bookmark: _Toc523777701]Include enhancements to configured grant (e.g. priority handling compared to dynamic grants, configuration of multiple periods/patterns) in scope of study.
Ethernet header compression
The SID mentions Ethernet header compression and notes that detailed objectives are to be clarified. We believe that a general study on different Ethernet header compression methods and their implementation in NR should be studied. Therefore, the study should include both feasibility of RoHC (e.g. new RoHC profile for Ethernet), as well as other, e.g. static/semi-static methods, for Ethernet header compression, given the rather static nature Ethernet headers would have in a local TSN/industrial Ethernet deployment. This study should also include to evaluate whether the Ethernet header compression should be anchored at PDCP (like RoHC) or at the UPF. The latter would enable Ethernet header compression between UE and UPF, which could be enabled by a specific PDU session type.
[bookmark: _Toc523754227][bookmark: _Toc523761090][bookmark: _Toc523760419][bookmark: _Toc523764918][bookmark: _Toc523777702]Study methods for Ethernet header compression, including beside RoHC also methods for (semi-) static header compression, which could e.g. be part of an Ethernet PDU session type (between UPF and UE).
Conclusions
Based on the discussion in section 2 we propose the following:
Proposal 1	As data duplication enhancement, study methods of resource-efficient PDCP duplication (e.g. duplicate only when needed) including aspects of inter-node coordination (RAN2/3).
Proposal 2	Study enhancements in RAN for redundant user plane paths based on multi-connectivity and support of multiple UEs per industrial device for user plane redundancy (SA2 solutions under development [2]), (RAN2/3).
Proposal 3	Multi-connectivity with more than two paths is out of scope of this SI.
Proposal 4	Do not study DL-aspects of intra-UE multiplexing/prioritization/pre-emption.
Proposal 5	Consider both RAN2 aspects (e.g. LCP) as well as RAN1 aspects  in study of UL intra-UE prioritization/multiplexing for services with different priorities (e.g. MBB and different URLLC services). Clarify that UL intra-UE pre-emption is included in the objective.
Proposal 6	Clarify that accurate reference time down to the order of a few µs is to be supported.
Proposal 7	Clarify that the intention of scheduling enhancements within this study is to provide deterministic transport with a bounded latency for packets with a focus on cyclic traffic.
Proposal 8	Include enhancements to configured grant (e.g. priority handling compared to dynamic grants, configuration of multiple periods/patterns) in scope of study.
Proposal 9	Study methods for Ethernet header compression, including beside RoHC also methods for (semi-) static header compression, which could e.g. be part of an Ethernet PDU session type (between UPF and UE).
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556]
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