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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#88e meeting, work item on Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was agreed. Some of the objects focus on [1]:
	2. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
·  Specify support for UE-initiated COT for FBE with minimum specification effort
·  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum


In this document, we analyze three protocol solutions addressing IIoT deployed over unlicensed spectrum in controlled environment:
· Option 1: NR-U protocol;
· Option 2: IIoT protocol;
· Option 3: Both protocols, i.e. NR-U together with IIoT.
After analysis, our preference is proposed.
Discussion
In Rel-16, NR-U was discussed, and one of the access procedures is FBE, i.e. semi-static channel occupancy. In this procedure, it is assumed that the absence of any other technology sharing a channel can be guaranteed on long-term basis [2], which matches the “control environment” assumption in the WID where “unexpected interference from other systems and/or radio access technology only sporadically happens” [1]. So, the interferences due to equipment of other technology can be kept below quite low level for long time scale in the controlled network. This definitely reduces the channel occupancy rate due to random access of equipment(s) of other technology. And, in NR, the resources are assigned by the network. The network knows who performs the transmission and when/where the transmission is performed. Hence, LBT failure is expected to occur with very low probability under such environment.
[bookmark: _Toc47600432]Observation 1: LBT failure is expected to occur with very low probability under controlled environment, which is consistent with the use of FBE.
In Rel-16, NR-U enhancements on unlicensed spectrum and IIoT on licensed spectrum were both studied resulting in two standardized protocols for handling pending MAC PDUs due to LBT failure and deprioritized grant, respectively:
· NR-U implements autonomous retransmissions
· IIOT implements autonomous transmissions
As elaborated in Sections 2.1 and 2.2, both approaches come with quite different mechanisms (timers, HARQ process determination …) then, we have the following issues:
· Which protocol solution addressing IIoT deployed over unlicensed spectrum in controlled environment should be adopted?
· Do we need other enhancements for the selected protocol?
[bookmark: _Ref47445586]NR-U protocol
In Rel-16 NR-U, the enhancements on CG configuration consist of [3]-[4]:
· UE selected HARQ process for each CG opportunity
· One new defined timer: cg-RetransmissionTimer;
· Network feedback: DFI;
· CG-UCI carrying HARQ process ID that UE selected;
· Autonomous retransmission on different CG configurations with the same TB and HARQ process ID.
One transmission example is illustrated in Figure 1.


Figure 1: General transmission procedure of NR-U in Rel-16
If we apply NR-U protocol to IIoT in unlicensed spectrum, all the features are inherited from NR-U of Rel-16. But there are few issues which require to be discussed, for example:
· How to reuse autonomous retransmission for a deprioritized MAC PDU?
· What should trigger the cg-RetransmissionTimer in case of a deprioritized PDU?
· With NR-U, gNB must send DFI feedback but is not expected to provide a retransmission grant, whereas in IIOT gNB can use the legacy dynamic retransmission mechanism. Should it be possible to allow gNB to provide a retransmission grant for a deprioritized CG also when reusing the NR-U protocol?
· Are there simplifications allowed to NR-U protocol when considering we operate in “controlled environment”?
· Impact of sharing different CG configurations for autonomous retransmission on IIOT performance?
However, no main blocking point seems to prevent the NR-U CG mechanisms to be reused for IIOT deprioritized PDUs. 
[bookmark: _Toc47600433]Observation 2: It seems possible to reuse NR-U protocol, with potential changes, to address deprioritized CGs in IIOT.
[bookmark: _Ref47445588]IIoT protocol
In Rel-16 IIoT, the enhancements on CG configuration consist of [4]:
· Time-based HARQ process ID calculation with one configured HARQ process ID offset;
· Autonomous transmission on a CG opportunity (CGO) from the same CG configuration with the same HARQ process ID.
One example of transmission is shown in Figure 2.


Figure 2: General transmission procedure of IIoT in Rel-16
If we apply the Rel-16 IIoT features in unlicensed spectrum, we need to extend the MAC PDU autonomous transmission mechanism used for deprioritized PDUs to also address pending PDUs due to LBT failure. In IIOT, for simplicity, autonomous transmission is only allowed on the same HARQ process and on the same CG configuration as the deprioritized CGO. However, in NR-U, UE assigns the HARQ process ID to be used on a CGO and can use CGOs from different CG configurations for the autonomous retransmission. And one motivation for such flexibility was to increase the pool of possible CGOs to be used for an autonomous retransmission in case of multiple LBT failures. Hence, one question is whether the IIOT protocol should be enhanced to provide higher flexibility in selecting CGOs to be used for autonomous transmissions in support of LBT failures? Or this is not a severe issue on the basis of observation 1? In any case, that does not sound like a major issue and is seems the IIOT autonomous transmission mechanism could be reused for handling pending PDUs due to LBT failure. 
[bookmark: _Toc47600434]Observation 3: It seems possible to reuse IIOT protocol, with potential changes, to address LBT failure in NR-U.
Both Protocols
Configuring both NR-U and IIOT CG protocols looks like the simplest approach specification-wise at first glance, but raises a number of issues we discuss in this section. For simplicity and minimizing specification changes, we assume the IIOT autonomous transmission feature would only apply to de-prioritized CGs and the NR-U autonomous retransmissions would only apply to prioritized CGs experiencing LBT failure or no DFI-ACK reception.
· Issue#1: How to determine the HARQ process ID, time-based or UE-based?
Mainly, there are three alternatives.
Alternative 1: Time-based. The autonomous retransmission of NR-U can only be performed with the same HARQ process ID as used by the initial CG. If the HARQ process ID is time-based, it will enlarge the transmission delay compared with the solution of UE-selected HARQ process. And some changes would be needed anyways, for instance, there is no necessity to report CG-UCI to the network, since the HARQ process ID can be deduced by timing.
Alternative 2: UE-based. If the HARQ process ID is selected by UE, this facilitates resource utilization and reduces the retransmission delay. But quick retransmission scheduled by network can’t be supported for deprioritized PDUs since the network is not aware of the UE HARQ process ID and most of the time it won't be able to decode the CG-UCI from the deprioritized PUSCH. Hence, network-scheduled retransmissions are no longer supported for deprioritized PDUs, which degrades the flexibility of the IIOT protocol.
Alternative 3: Both UE-based and time-based solutions are supported (hybrid solution). For example, HP determination is based on time for new transmission and on UE selection for retransmission (since it is most advantageous for latency reduction of retransmission, as the UE can select the nearest CG occasion for the autonomous (re-)transmission). Then should new transmissions still carry CG-UCI? Since they are useless in such case and that new transmissions remain the vast majority of transmissions it seems very inefficient to request that they carry CG-UCI. However, if the CG-UCI is only attached to the retransmissions, the gNB needs to blind detect PUSCH with and without CG-UCI. This brings unnecessary complexity to the gNB. And if the gNB does not receive CG-UCI, it is still unclear whether the DFI-ACK is sent or not.
· Issue #2: gNB ambiguity when not detecting a CG PUSCH: which of both IIOT or NR-U protocols should it assume for expected UE behavior?
As discussed in above sections, cg-RetransmissionTimer and configuredGrantTimer are managed differently by NR-U and IIOT protocols. And a CG may not be detected by gNB for the following reasons:
· The CG was de-prioritized, in which case the IIOT protocol applies
· The CG was prioritized but LBT failed, in which case the NR-U protocol applies
· The CG was prioritized, LBT succeeded and gNB couldn’t decode the CG PUSCH, in which case both protocols could apply, although gNB does not know whether it is expected to send a retransmission grant or DFI-NACK or do nothing. 
Since the network can’t distinguish which case happened, it could have contradictory behaviors depending on the assumed protocol (NR-U or IIOT) involved in UE.
[bookmark: _Toc47600435]Observation 4: Configuring both NR-U and IIOT CG protocols raises a number of issues to solve due to some contradictory behaviors of NR-U and IIOT features.
· Issue #3: UE complexity
Mandating a TSN UE to support both NR-U and IIOT protocols altogether will increase its complexity which does not align with some of IIOT UE cost targets, e.g. very simple TSN bridges such as wireless switches with reduced number of supported flows.
[bookmark: _Toc47600436]Observation 5: Supporting both NR-U and IIOT CG protocols in the UE increases UE complexity.
Taking into account observations 4 and 5, supporting both protocols altogether is not our preferred candidate solution. As a result, we would like to propose that:
Proposal: IIOT deployed over unlicensed spectrum in controlled environment should be supported via:
· Legacy NR-U protocol upgraded to also support handling of pending PDUs from deprioritized CGs; or
· Legacy IIOT CG protocol upgraded to also support handling of pending PDUs due to LBT failure
Conclusion
In this document, we analyze the candidate solutions for Rel-17 IIoT on unlicensed spectrum. And we find the following observations:
Observation 1: LBT failure is expected to occur with very low probability under controlled environment, which is consistent with the use of FBE.
Observation 2: It seems possible to reuse NR-U protocol, with potential changes, to address deprioritized CGs in IIOT.
Observation 3: It seems possible to reuse IIOT protocol, with potential changes, to address LBT failure in NR-U.
Observation 4: Configuring both NR-U and IIOT CG protocols raises a number of issues to solve due to some contradictory behaviors of NR-U and IIOT features.
Observation 5: Supporting both NR-U and IIOT CG protocols in the UE increases UE complexity.
And we propose that:
Proposal: IIOT deployed over unlicensed spectrum in controlled environment should be supported via:
· Legacy NR-U protocol upgraded to also support handling of pending PDUs from deprioritized CGs; or
· Legacy IIOT CG protocol upgraded to also support handling of pending PDUs due to LBT failure
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