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1	Introduction
The second objective of the Rel-17 Enhanced IIOT and URLLC support WI [1] is described as following:
2. Identify potential enhancements to ensure Release 16 feature compatibility with unlicensed band URLLC/IIoT operation in controlled environment [RAN1, RAN2]
a. Detailed objectives to be clarified at RAN#87 based on essential issues to be identified in RAN#87 (if any)

In this contribution we describe our view on the scoping of this objective.
[bookmark: _Ref178064866]2	Discussion
2.1	General views and principles
[bookmark: _Toc26190243]IIOT/URLLC services require high reliability and low latency and the operation of such services on unlicensed bands would be meaningful only in controlled environments. 
From our perspective, the reliability achieved for IIOT/URLLC services operated in licensed bands is superior as compared to operation on unlicensed spectrum. However, enabling support for IIOT/URLLC services on unlicensed bands would bring additional value to 3GPP based technologies for being capable of benefiting the available unlicensed spectrum in addition to the licensed spectrum.
Moreover, the features developed previous releases of NR, especially within Rel-16 URLLC and NR-U work items, are essentially sufficient to enable the functionalities needed for operation of IIOT/URLLC services in unlicensed bands if properly combined. In our view, a use case for developing a feature, e.g. operation on unlicensed band, should not limit the usage of the feature for other use cases, e.g. operation in licensed band unless its corresponding functionality is affected by LBT, which would make the feature applicable only for unlicensed. Similarly, if a feature is developed assuming operation on licensed band, if the corresponding functionalities are not affected by LBT, the feature should be also applicable in unlicensed bands. This is inline with the design principle adopted for NR being perceived as a toolbox where different tools could be used for different use cases. Artificial restrictions and fragmentations instead of utilizing the commonality and reusing the already existing features, would produce unnecessary specification works instead of reusing the already existing features.
Based on the same principle, we emphasize that any feature being developed in Rel-17 URLLC should also be applicable for IIOT/URLLC applications in unlicensed and vise-versa. In other words, the second objective in the WID, should not be treated as a separate track from the main-stream IIOT/URLLC.
Observation 1:	
· Operation of IIOT/URLLC services in licensed band is always superior as compared to unlicensed band.

Observation 2:	
· Enabling support for IIOT/URLLC services on unlicensed bands brings additional value to 3GPP based technologies for being capable of benefiting the available unlicensed spectrum in addition to the licensed spectrum.

Observation 3:	
· Functionalities developed under Rel-16 IIOT/URLLC and NR-U should be mutually applicable, and any unnecessary specification work should be avoided.

2.1	Enabling mutual applicability of Rel-16 NR-U and IIOT/URLLC features for Rel-17 IIOT/URLLC
In the following, we have identified the features that are unnecessarily restricted in Rel-16 for operation on licensed or unlicensed band. In our view, the corresponding restrictions can be removed by minimum specification efforts without the need to spend time on introducing new enhancements for the functionalities needed for IIOT/URLLC operations in Rel-17. 
· Support of Rel-15 UL configured grant and corresponding enhancements in Rel-16 in unlicensed bands
· Rel-16 specifications have restricted the operation of UL CG on unlicensed band to only UL CG with autonomous retransmission on CG. That means the usage of Rel-15 UL configured grant with corresponding enhancements in Rel-16 URLLC WI is not possible on unlicensed band which is a severe drawback specially for operations in controlled environments. 
· The restriction is caused due to conditioning the CG-DFI operation on the unlicensed band (i.e. a use case) instead of the associated RRC parameter (i.e. cgRetransmissionTimer) needed for the corresponding functionality. The constraint can be easily relaxed by properly conditioning the CG-DFI on the corresponding RRC parameter (i.e. cgRetransmissionTimer) than operation on shared spectrum to fully benefit the extensive amount of work on enhancing UL CG operations in Rel-16 and avoid unnecessary work in Rel-17 to develop new features.
· Support of Rel-16 channel access procedures using DCI 0_2/1_2
· Configuration of ChannelAccess-CPext-CAPC in DCI formats 0_2/1_2 enables the usage of DCI formats 0_2/1_2 in unlicensed spectrum, being the optimized DCI format for URLLC services.
· At least the highest channel access priority class (CAPC) needs to be associated to the high priority transmissions when operating with dynamic channel mode in unlicensed bands.
· Support of Rel-16 enhanced Type 2 and Type 3 codebooks (CB), and non-numerical K1 (NNK1) using DCI 0_2/1_2
· The HARQ procedures enhancements in Rel-16 NR-U are currently supported using DCI formats 0_1/1_1. The support should be easily extended to DCI formats 0_2/1_2 to benefit the enhancements for operation of IIOT/URLLC services especially due to cancellation of HARQ feedbacks due to intra-UE prioritization.
· Priority based CB is already supported for Type 1 and Type 2 CBs. The support can be easily extended for all CBs including enhanced Type 2 and Type 3 CBs.
· Enhancing Rel-16 configuration for TDRA tables and reference regions
· Rel-16 TDRA tables for PUSCH repetition and multi-PUSCH scheduling can be combined.
· Configurations enhancement for reference regions used for inter-UE pre-emption due to inapplicability during the IDLE period in semi-static channel access

Observation 4:	
· The following features can be supported in Rel-17 based on the existing features in Rel-16 with minimum specification efforts:
· Enable support of Rel-15 UL configured grant and corresponding enhancements in Rel-16 in unlicensed band
· Enable support of Rel-16 channel access procedures using DCI 0_2/1_2 
· Enable support of Rel-16 enhanced Type 2 and Type 3 codebooks (CB), and non-numerical K1 (NNK1) using DCI 0_2/1_2
· Enhance Rel-16 configurations for TDRA tables and reference regions

2.3	Extension of Rel-16 semi-static channel access mode (FBE) to UE initiated channel occupancy
In our view, NR-U is in principle NR as in licensed but with addition of LBT procedures on top. Features developed in Rel-16 NR-U only improve operation of NR in unlicensed band by utilizing the LBT properties to compensate the impact of LBT failures. Note that the build-in flexibility in NR for resource allocation has provided means to address other regulatory requirements such as PSD under the same framework.
When operating in controlled environments, the LBT procedures should be considered almost-always successful in such environments, resulting in similar availability as in licensed channels. The impact of sporadic LBT failures is relatively comparable with occasional mis-detections or erroneous receptions due to interference that occur even in licensed band. Hence, with respect to requirements on high reliability, the operation would be comparable in licensed band.
While with respect to requirements on low latency when operating in controlled environments, the following factors due to the LBT procedures contribute to the latency:
· Sensing delay due to performing LBT procedures (and not due to LBT failure)
· Inaccessible time intervals for DL or UL due to LBT procedures
On sensing delay, the built-in sensing delay for the dynamic channel access mode (a.k.a. LBE) is in order of 16 to 63 us, assuming high CAPC. This delay would fall within the range of 9 to 25 us for semi-static channel access mode (a.k.a. FBE). In our view, the sensing delays can be integrated as part of time durations needed for a scheduled or configured transmission in form of various processing or computation timelines when applicable. Hence, sensing delay would not impact the IIOT/URLLC applications in unlicensed band differently than in licensed band since it can be properly controlled by gNB.
With respect to inaccessible time for DL/UL transmissions, in case of dynamic channel access mode a gNB/UE can perform LBT procedures and access the channel any time. Hence there is no inaccessible time intervals for transmission/reception due to LBT procedures. However, in case of semi-static channel access mode as illustrated in Figure 1 there are inaccessible time intervals for DL or UL transmissions due to the LBT procedures as the following: 
· Idle period where no DL or UL transmission is allowed.
· DL only transmissions at the beginning of an FFP

[image: ]
[bookmark: _Ref43741656]Figure 1: Illustration of gNB initiated COT for semi-static channel access mode (a.k.a. FBE) in Rel-16. A maximum channel occupancy time (M-COT) is followed by an Idle period within the configured FFP. 
The presence of idle periods in semi-static channel access mode is required by regulations to maintain fairness in accessing the unlicensed channels among different devices. However, the timing and duration of the idle period is determined based on the higher layer signaling which can be utilized for more efficient signaling as indicated in the previous section.
However, the support of only gNB initiated COT in Rel-16 results in scheduling/configuration restrictions of UL transmissions as illustrated in Figure 2. These restrictions can be relaxed by allowing UE initiated COT in semi-static channel access mode. 
[image: ]
[bookmark: _Ref43741806]Figure 2: Illustrative example of scheduling/configuration restrictions of UL transmissions due to gNB initiated COT for semi-static channel access mode (a.k.a. FBE) in Rel-16. Note in these illustrations, the gaps and corresponding sensing time intervals for LBT are not shown for simplicity. 
It is important to note that UE initiated COT for semi-static channel access mode was agreed to be supported in Rel-16. However, additional agreements for corresponding UE procedures to initiate and share a COT with gNB are not in place due to de-prioritization in Rel-16.
	Agreement:
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
· FFS: Signaling for FBE operation, when the UE operates as an initiating device



In our view, the support of UE initiated COT is feasible with minimum specification works by simple extension of gNB initiated COT to UE initiated COT. The applicability and management of gNB and UE initiated COTs are up to the gNB and transparent to the UE and in general different FFP can be configured for gNB/UE initiated COT.
Observation 5:
· Support of UE initiated channel occupancy for semi-static channel access mode is beneficial to improve latency gains for IIOT/URLLC applications.
3	On update of WID objective
Based on the previous discussion and observations, we propose to update the second objective of Rel-17 IIOT/URLLC as the following:
Proposal:	Update the second objective of Rel-17 IIOT/URLLC in RP-193233 as the following:
2. Enable the following features based on existing features in Rel-16 with minimum specification efforts [RAN1, RAN2]
a. Support of UE initiated channel occupancy for semi-static channel access mode.
b. Support of Rel-15 UL configured grant and corresponding enhancements in Rel-16 in unlicensed band
c. Support of Rel-16 channel access procedures using DCI 0_2/1_2 
d. Support of Rel-16 enhanced Type 2 and Type 3 codebooks (CB), and non-numerical K1 (NNK1) using DCI 0_2/1_2
e. Enhance Rel-16 configurations for TDRA tables and reference regions
· Note: IIOT/URLLC operation on unlicensed band is assumed only in control environments
4	Conclusion
Based on the discussion in the previous sections we made the following observations and proposal:
Observation 1:	
· Operation of IIOT/URLLC services in licensed band is always superior as compared to unlicensed band.

Observation 2:	
· Enabling support for IIOT/URLLC services on unlicensed bands brings additional value to 3GPP based technologies for being capable of benefiting the available unlicensed spectrum in addition to the licensed spectrum.

Observation 3:	
· Functionalities developed under Rel-16 IIOT/URLLC and NR-U should be mutually applicable, and any unnecessary specification work should be avoided.

Observation 4:	
· The following features can be supported in Rel-17 based on the existing features in Rel-16 with minimum specification efforts:
· Enable support of Rel-15 UL configured grant and corresponding enhancements in Rel-16 in unlicensed band
· Enable support of Rel-16 channel access procedures using DCI 0_2/1_2 
· Enable support of Rel-16 enhanced Type 2 and Type 3 codebooks (CB), and non-numerical K1 (NNK1) using DCI 0_2/1_2
· Enhance Rel-16 configurations for TDRA tables and reference regions

Observation 5:
· Support of UE initiated channel occupancy for semi-static channel access mode is beneficial to improve latency gains for IIOT/URLLC applications.

Proposal:	
· Update the second objective of Rel-17 IIOT/URLLC WID in RP-193233 as the following:

2. Enable the following features based on existing features in Rel-16 with minimum specification efforts [RAN1, RAN2]
a. Support of UE initiated channel occupancy for semi-static channel access mode.
b. Support of Rel-15 UL configured grant and corresponding enhancements in Rel-16 in unlicensed band
c. Support of Rel-16 channel access procedures using DCI 0_2/1_2 
d. Support of Rel-16 enhanced Type 2 and Type 3 codebooks (CB), and non-numerical K1 (NNK1) using DCI 0_2/1_2
e. Enhance Rel-16 configurations for TDRA tables and reference regions
· Note: IIOT/URLLC operation on unlicensed band is assumed only in control environments
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Case 1: Possible DL/UL transmissions with only gNB as COT initiator
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