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Introduction
Rel-17 intends to harmonize uplink configured grant enhancements introduced for NR-U and IIoT in Rel-16, essentially for use of URLLC type of services in unlicensed spectrum. 
The Rel-17 WID for IIoT and URLLC enhancements [5] highlights following objectives.
· 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
To achieve this goal the different CG enhancement features need to be evaluated in terms of their benefit from a latency and reliability point of view. In this contribution we provide our initial view on areas, scope and requirements for potential uplink configured grant enhancements to support URLLC over NR-U.  

Discussion
One very obvious problem is that NR-U does not support predictable QoS. A controlled unlicensed environment still has stochastic wirelesss channel access properties and hence, some additional channel robustness needs to be obtained. As shown in [3] and due to delays associated with retransmission opportunities in NR-U, a deterministic and predictable latency can be more difficult in NR-U. 
In general, interference from other systems using different radio access technology is not expected or may only happen sporadically. At the same time, channel conditions in shared spectrum are not predictable and the whole environment is not fully controllable. For as long as physical layer procedures have to keep using LBT in unlicensed, some LBT failures are likely inevitable. The protocol needs needs to be able to handle them without too much degradation to URLLC services, and NR-U enhancements in Rel-16 have the primary goal to cope with LBT failures. 
So the NR-U features for CG enhancements are important to mitigate effects in unlicensed operation. With a view to harmonize Rel-17 CG operation in shared spectrum for URLLC use-cases based on solutions specified for IIoT and NR-U in Rel-16, since the target technology is NR-U it seems natural to use NR-U protocol as a baseline. 
Even though the amount of LBT failures can be expected very low in a strictly controlled environment, also considering that FBE mode of operation (which uses Cat 2 LBT) may be used in such a setting, NR-U can be used in different deployments. Not all of which will be absolutely controllable. But it depends on the deployment scenario. We therefore think a baseline set of features could be configurable to be based on either IIoT or NR-U. 
Proposal 1: The baseline set of CG features could be configurable to be based on either IIoT or NR-U. 
Further, the set of IIoT and NR-U protocol subfeatures is not fully compatible, as also discussed in RAN2#111e. Below are a few initial aspects. 

CG retransmission timer
The CG retransmission timer (cg-RetransmissionTimer) is always configured for operation with shared spectrum channel access and not configured for operation in licensed spectrum. 
In shared spectrum, channel access cannot be guaranteed and transmissions do not happen at the exact predefined instance in time like in licensed spectrum. When UL reception was unsuccessful, the gNB cannot identify whether this was due to a LBT failure or whether the UE transmission was successful but radio conditions lead to a failed reception at the gNB. Collisions can happen on retransmissions as well. 
To cope with these effects, NR-U lets the UE retransmit autonomously when the cg-RetransmissionTimer expires. NR-U also has explicit ACK support through CG-DFI in DCI format 0_1. However, if HARQ feedback is sent by the gNB in unlicensed controlled environments, the CG-DFI may indicate an ACK in a majority of cases. We therefore propose that the cg-RetransmissionTimer should be kept, but it can be made optional for URLLC. 
Proposal 2: The cg-RetransmissionTimer does not need to be mandatory but it should not be removed. Allow the cg-RetransmissionTimer to be made optional for URLLC over NR-U.
We further think that the cg-RetransmissionTimer may not be configured together with autonomousTx. 

IIoT autonomousTx vs NR-U autonomous retransmssions
· Rel-16 IIoT: autonomousTx of the MAC PDU on the next/same CG resource for the same HARQ process
· Rel-16 NR-U: autonomous retransmission on any/different CG config with the same TBS
Autonomous transmission in IIoT and autonomous retransmission in NR-U both allow for another transmission attempt of an already created MAC PDU. Autonomous transmission is used to transmit on the next CG occasion the MAC PDU generated for a de-prioritized configured grant. Autonomous retransmission is tailored to mitigate LBT failures in NR-U and allows making another transmission attempt in a subsequently available CG, also following expiration of the cg-RetransmissionTimer.
Both IIoT and NR-U meachnisms offer a slightly similar method. For simplicity and in environments where the cg-RetransmissionTimer is anyway configured, we think that one autonomous transmission method is enough. Small additional enhancements may be required to achieve this.
Proposal 3: RAN2 may discuss options to harmonize autonomous transmissions and autonomous retransmissions in NR-U.

Intra-UE prioritization
Rel-16 has defined LCH-based prioritization as a means for intra-UE prioritization of overlapping grants. If NR-U is meant to support URLLC type of services, then prioritization between eMBB and URLLC, including overlapping grants, will be required. RAN2 specifications do not restrict the use of LCH-based prioritization to IIoT only and we think that the method can be applicable to NR-U as well. 
Proposal 4: Support LCH-based prioritization as a baseline for intra-UE prioritization in NR-U.

LCP restrictions
One feature to help reduce latency in Rel-16 is the use of multiple configured grants along with new LCH mapping restrictions. By using the LCH to configured grant mapping (allowedCG-List), a UE can support restricting data transmission from a given LCH to a configured set of CG configurations: A single LCH can be mapped to multiple CG configs, or multiple LCHs can be mapped to a single CG config. This new LCP restriction allows very flexible mapping between logical channels and CGs. This would be useful to support in NR-U as well.
As per the NR-U WI agreements in [1], LCP restrictions are currently applicable to the first transmission only. 
In order to utilize logical channel mapping restrictions for all transmissions, NR-U should be allowed to use LCP restrictions also for retransmissions. LCP restrictions are an essential part or IIoT. Furthermore, if NR-U is to support different PHY priority levels in the future then the PHY-priority indication based restriction will be useful as well. 
Proposal 5: Investigate means how LCP restrictions can be used for all transmissions in NR-U.

Conclusions
This paper discusses initial aspects related to scope and requirements for UL configured grant enhancements for support of URLLC over NR-U. We have the following observations and proposals:
Proposal 1: The baseline set of CG features could be configurable to be based on either IIoT or NR-U. 
Proposal 2: The cg-RetransmissionTimer does not need to be mandatory but it should not be removed. Allow the cg-RetransmissionTimer to be made optional for URLLC over NR-U.
Proposal 3: RAN2 may discuss options to harmonize autonomous transmissions and autonomous retransmissions in NR-U.
Proposal 4: Support LCH-based prioritization as a baseline for intra-UE prioritization in NR-U.
Proposal 5: Investigate means how LCP restrictions can be used for all transmissions for URLLC over NR-U.
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