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1. [bookmark: _Ref165266342]Introduction
One of the objectives of the Rel-17 WI on IIoT and URLLC enhancements [1] is regarding uplink enhancements for unlicensed operation as follows:
· [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
Another related objective of the WI is the following, which can benefit from enhancements suited for unlicensed operation: 
· RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 
In this contribution, we discuss the issues related to the WI objectives above.
2. Discussion 
The first objective quoted above is regarding the UE-initiated COT for FBE operation, also called “semi-static” mode in the specification. This objective mostly concerns changes at the physical layer. Therefore, at the first step, RAN2 does not need be involved in the design. If the RAN1 design necessitates some new upper layer signaling or changes, these can be handled based on further input from RAN1.
Observation 1: RAN1 will design UE-initiated COT for FBE operation. RAN2 can be involved based on RAN1 request when needed. 
The second objective is for the harmonization of NR-U and URLLC CG enhancements that were introduced in Rel-16. 
The NR-U CG design in Rel-16 introduced UE based HARQ and RVID selection (and uplink signaling to carry that information in UCI), downlink feedback for packet decoding status carried in DFI, and autonomous retransmission when DFI is not received within a certain duration, controlled by the RRC configured parameter cg-RetransmissionTimer. 
These enhancements to NR-U CG are not applicable to NR operation in licensed spectrum in Rel-16. It is feasible to extend the same functionality to licensed operation. The RAN2 impact is quite minimal and only requires removing the resctriction in RRC and allowing cg-RetransmissionTimer to be configured for licensed operation. In fact, all the different procedural text in MAC for the NR-U CG is controlled by the configuration of this single parameter.
On the other hand, the physical layer impact can be much more substantial and requires the introduction of similar UCI and DFI information and PHY procedures. Therefore, due to the amount of more work needed in RAN1, this decision can be left to RAN1.
Observation 2: The extension of Rel-16 NR-U CG to licensed operation requires minimal changes in RAN2 specifications while it can require more work in RAN1.
Proposal 1: The decision to extend Rel-16 NR-U CG enhancements to NR licensed can be left up to RAN1.
On the Rel-16 URLLC side, the main enhancement to CG was the introduction of so-called Type A and Type B PUSCH repetitions. These can be supported also for NR-U and RAN1 can do the necessary design changes. From RAN2 perspective, one input could be regarding the HARQ and RVID selection. In Rel-16 NR-U CG, these are left to the UE implementation. The same can also be applicable here. There doesn’t seem to be any other upper layer impact of concern to RAN2.
Observation 3: The changes needed to support Type A and Type B PUSCH repetition at the PHY layer for NR-U will be done by RAN1.
Proposal 2: From RAN2 point of view, Rel-16 Type and Type B PUSCH repetition to CG can be supported for NR-U. 
Proposal 3 : As in Rel-16 NR-U CG, the selection of HARQ ID and RVID for each repetition is left to the UE implementation for Type A and Type B CG repetition .
The last objective of the WI is “enhancements based on new QoS related parameters if any, e.g. survival time, burst spread”. The survival time, as the name implies, is quite critical for IIoT operation where the successive packet losses can cause catastrophic events. For shared spectrum, the control of such packet losses becomes more difficult due to interference from other nodes and technologies which can’t be coordinated in most instances. Therefore, new mechanisms are needed to improve the reliability and survival time in shared spectrum.
Observation 4: Due to uncontrolled interference in shared spectrum, successive packet losses can occur more often which disrupts the survival time.
Rel-16 NR-U design follows Rel-15 NR licensed closely in terms of configuration of frequency domain resources. In NR-U, the UE is also configured with serving cells and BWPs in each cell. Different from licensed, an LBT operation happens before transmissions at the physical layer. The frequency granularity of this operation RB set is 20Mhz in Rel-16. 
If the gNB or UE attempts to make a transmission and LBT fails, this will be considered as a packet loss at that time instance. The transmitting node can try the next time opportunities if available. If this is a retransmission, the transmitting node will have to stay on the same frequency location (BWP).
When interference happens in shared spectrum, it can impact multiple transmission attempts in time (for example when the interfering node is also NR-U or WiFi). However, there is no fast mechanism for the transmitter and receiver concurrently move to a different frequency location where interference could be less. In fact, Rel-15 procedures of SCell activation/deactivation or BWP change are the only available ways.
Observation 5: When LBT fails, allowing transmission of packets in a different frequency location with different LBT can improve reliability by providing LBT diversity.
Observation 6: Fast switching to a different frequency location by the UE and gNB concurrently will provide faster reaction to LBT failures.
Proposal 4: RAN2 to consider mechanisms to support fast switching to a different frequency locations (BWP or cell) when LBT fails in the existing frequency location.
Another possible enhancement to improve the packet transmission success and thus survival time is by providing more diversity for the transmissions. At upper layers, the mechanism used for this purpose has been “PDCP duplication” which was introduced in Rel-15 and enhanced in Rel-16 for the IIoT use case.
In both Rel-15 and Rel-16, PDCP duplication is configured by RRC and activated or deactivated via MAC CE. Rel-16 also provides selection of different RLC entities (so-called “legs”) which is again determined by the gNB and controlled via MAC CE.
There are several shortcomings of Rel-16 solution:
· The reaction time to dynamic changes on uplink is much slower.
· Such changes also include LBT failures for NR-U
· For DC, since there is no standardized coordination between MN and SN, which can cause conflicting activations of legs which may not be feasible for the UE
The shared spectrum brings even more challenges where, as mentioned above, the channel conditions and interefence are not predictable and controllable. On the uplink side, the UE can experience LBT failures but will report this to the gNB only after they happen consistently. This will be very slow, will not provide quick recovery, and potentially cause the loss of survial time. However, since the UE is aware of the LBT failures and interference, it can react much faster, for example it is allowed more freedom in the operation of PDCP duplication.
Observation 7: Rel-15/Rel-16 PDCP duplication is not efficient for where channel conditions and interference are less predictable. 
Observation 8: Rel-16 PDCP duplication in DC case can also cause selection of legs which are not feasible for the UE.
[bookmark: _Hlk47620830]A UE-assisted leg selection or autonomous activation/deactivation of PDCP duplication can solve the above shortcomings. For example, the UE can make these decisions based on LBT outcomes, dynamic channel and beam conditions, and power headroom changes when sharing across carriers in headroom limited scenarios. 
Proposal 5: RAN2 to consider enhancements to PDCP duplication which can allow more UE freedom in PDCP duplication operation such as selection of the configured duplication legs and/or activation of duplication dynamically.
3. [bookmark: _GoBack]Conclusion
In this document, we have uplink enhancements for controlled unlicensed operation and propose the following:
Observation 1: RAN1 will design UE-initiated COT for FBE operation. RAN2 can be involved based on RAN1 request when needed. 
Observation 2: The extension of Rel-16 NR-U CG to licensed operation requires minimal changes in RAN2 specifications while it can require more work in RAN1.
Proposal 1: The decision to extend Rel-16 NR-U CG enhancements to NR licensed can be left up to RAN1.
Observation 3: The changes needed to support Type A and Type B PUSCH repetition at the PHY layer for NR-U will be done by RAN1.
Proposal 2: From RAN2 point of view, Rel-16 Type and Type B PUSCH repetition to CG can be supported for NR-U. 
Proposal 3 : As in Rel-16 NR-U CG, the selection of HARQ ID and RVID for each repetition is left to the UE implementation for Type A and Type B CG repetition .
Observation 4: Due to uncontrolled interference in shared spectrum, successive packet losses can occur more often which disrupts the survival time.
Observation 5: When LBT fails, allowing transmission of packets in a different frequency location with different LBT can improve reliability by providing LBT diversity.
Observation 6: Fast switching to a different frequency location by the UE and gNB concurrently will provide faster reaction to LBT failures.
Proposal 4: RAN2 to consider mechanisms to support fast switching to a different frequency locations (BWP or cell) when LBT fails in the existing frequency location.
Observation 7: Rel-15/Rel-16 PDCP duplication is not efficient for where channel conditions and interference are less predictable. 
Observation 8: Rel-16 PDCP duplication in DC case can also cause selection of legs which are not feasible for the UE.
Proposal 5: RAN2 to consider enhancements to PDCP duplication which can allow more UE freedom in PDCP duplication operation such as selection of the configured duplication legs and/or activation of duplication dynamically.
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