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1 Introduction
A new work item on enhanced NR URLLC/IIoT agreed in [1] includes the following objective:
· 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

An unlicensed controlled environment constitutes an environment where channel acquisition can be somewhat deterministic, and interference from other wireless systems can be controlled or sporadic. This contribution addresses CG operation to support URLLC and IIoT in such controlled environment. An initial discussion on autonomous retransmission for IIoT in unlicensed spectrum occurred in RAN2#111e, and the following was agreed in RAN2#112e:

Agreements:

From RAN2 perspective

1 
It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.

2
cg-RetransmissionTimer can be configured optionally for shared spectrum

3
When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.

4
When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.

5
As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.

6
HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.

7
FFS if LCH based prioritization can be configured with cg-RetransmissionTimer
8
The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.

9
If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)

This contribution addresses the following remaining issues:
- Can IIoT autonomous transmission and NR-U CG retransmission timer be configured together?
- Can LCH-based prioritization and CG retransmission timer be configured together?
- In NR-U retx are always prioritized over initial tx so we need to check if this is causing any issue
2 Discussion
2.1 Configuration
To harmonize CG operation, the NR-U CG retransmission timer can be configured for IIoT autonomous retransmissions. In RAN2#111e, the following was agreed in the NR-U corrections session for the CG retransmission timer:


=>
Agree that immediate retransmission is allowed. FFS how to clarify it in the specification if needed.  Clarify value 1 means immediate retransmission (e.g. the timer is started at the beginning of the transmission);

=>
Agree that immediate new transmission on CG is supported and allow to set CG-retransmissionTimer the same value as configuredGrantTimer and 1 means immediate new transmission

Which means that the CGRT can be configured with a value 1 for an immediate autonomous retransmission. With such understanding, there is no need to make the CG-retransmission timer optional. There were some concerns raised that configuring both CGRT and autonomous retransmissions would lead to inconsistent behaviour with respect to prioritization between initial transmissions and retransmission. However, such prioritization can be addressed in R17, as described in section 2.3. It can be therefore up the network to avoid configuring both parameters together in R17, similar to R16.
Observation 1: 
It is up to the network whether to configured CG-retransmission timer together with IIoT autonomous retransmissions, similar to R16.
One FFS is whether LCH based prioritization can be configured with cg-RetransmissionTimer. In the last email discussion [3], all companies agreed that LCH-based prioritization should be supported for R17 URLLC in an unlicensed controlled environment (UCE). The feature is a key feature of IIoT and is already supported in R16; there is no reason to exclude it from UCE where a CGRT is also configured.

Proposal 1: 
LCH based prioritization can be configured with cg-RetransmissionTimer
2.2 Prioritization between CG (re)-transmissions

In NR-U, HARQ feedback for an UL PDU transmitted on a CG can be determined from explicit reception of ACK/NACK in downlink feedback information (DFI) signalling in the DCI. In IIoT, ACK feedback is assumed based on expiry of the CG timer without receiving a retransmission grant. For transmission on a CG configured for IIoT, the UE select the RV according to a configured sequence -including repetitions-, as in Rel-15.  For a CG configured for NR-U, RV selection is up to UE implementation, whereby the UE includes the selected RV and the selected HARQ PID in CG-UCI on the PUSCH transmission itself.

For both NR-U and IIoT, the UE can autonomously attempt to (re)-transmit a PDU again on a subsequent CG occasion of the same CG and the same HARQ process, after LBT failure or expiry of the CGRT (in the case of NR-U) or if the TB was deprioritized due to intra-UE prioritization (in the case of IIoT).
Per the agreement in RAN2#112e, the UE should be able to autonomously retransmit a deprioritized PDU or a PDU dropped due to LBT. This can be done using existing mechanisms, e.g. by relying on autonomous retransmission after the expiry of the cg-RetransmissionTimer.

Observation 2: 
UE can autonomously retransmit a deprioritized PDU or a PDU dropped due to LBT after the expiry of the cg-RetransmissionTimer, as already defined in R16.
In Rel-16 NR-U, the UE prioritizes retransmissions of PDUs (e.g. due to failed LBT) over new transmissions. This behavior however can result in added latency for newly arrived URLLC data. For CG operation in a controlled unlicensed environment (IIoT and NR-U), the UE can benefit from prioritization between Initial transmission (which may contain higher priority data/control) and retransmissions (due to UL LBT failure, CGRT expiring, or intra-UE de-prioritization). 
Proposal 2: 
Support prioritization between initial transmissions and autonomous retransmissions on a given CG.

2.3 Overlapping CG and DG

In Rel-16 IIoT, the UE can be scheduled with a dynamic grant that overlaps with a configured grant in the time domain, with the intention of supporting UL data traffics of different priorities and latency requirements. The UE then prioritizes the selection of the grant on which highest priority data can be transmitted, and the deprioritized PDU can be transmitted later on a subsequent CG occasion using the same HARQ process. Such behavior is not problematic in licensed spectrum, given the network knows prior to scheduling an overlapping dynamic grant the HARQ process ID associated with a potential CG PDU that can be transmitted at the overlapping occasion, and hence the network can simply select a different HARQ process for the overlapping dynamic grant.
Observation 3: 
Overlapping DG and CG are assumed to be on different HARQ process IDs in R16 IIoT, as the network knows a priori the HARQ process ID associated with the CG at that CG occasion.
In Rel-16 NR-U, a dynamic grant can also be scheduled to overlap in time with a CG. However, given the UE selects the HARQ process ID in NR-U per implementation, the network does not know the HARQ process ID the UE selects for a PDU potentially transmitted on an overlapping CG occasion. For this reason, the assumption in Rel-16 is that the network will use HARQ process ID partitioning, whereby a scheduled dynamic grant overlapping with a CG is assumed to be from a HARQ process ID not part of the pool of IDs configured for the overlapping CG. 

Observation 4: 
Overlapping DG and CG are assumed to be on different HARQ process IDs in R16 NR-U, as it is assumed the gNB avoids assigning HARQ process ID to the DG from the pool of HARQ process IDs configured for the overlapping CG.
Given the UE selects the HARQ process ID for a CG operating in an unlicensed controlled environment when CGRT is configured, a scheduled dynamic grant can have the same HARQ process ID as a PDU already generated for transmission on a CG, as illustrated in Figure 1. Given multiple CGs can overlap in time in IIoT to support different TSC patterns, the NR-U assumption made in Rel-16 about completely avoiding the HARQ process IDs associated with CGs for scheduling a DG may not be possible (i.e. given the number of HARQ processes can be exhausted by all the overlapping CGs, as each CG can have a separate HARQ process ID pool). 
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Figure 1: CG and DG scheduled with the same HARQ process ID
Proposal 3: 
UE supports handling transmissions using the same HARQ process ID, where transmission may or may not overlap in time.
3 Conclusion

RAN2 should discuss the above and agree to the following:

Observation 1: 
It is up to the network whether to configured CG-retransmission timer together with IIoT autonomous retransmissions, similar to R16.
Proposal 1: 
LCH based prioritization can be configured with cg-RetransmissionTimer
Observation 2: 
UE can autonomously retransmit a deprioritized PDU or a PDU dropped due to LBT after the expiry of the cg-RetransmissionTimer, as already defined in R16.
Proposal 2: 
Support prioritization between initial transmissions and autonomous retransmissions on a given CG.

Observation 3: 
Overlapping DG and CG are assumed to be on different HARQ process IDs in IIoT, as the network knows a priori the HARQ process ID associated with the CG at that CG occasion.
Observation 4: 
Overlapping DG and CG are assumed to be on different HARQ process IDs in NR-U, as it is assumed the gNB avoids assigning HARQ process ID to the DG from the pool of HARQ process IDs configured for the overlapping CG.
Proposal 3: 
UE supports handling transmissions using the same HARQ process ID, where transmission may or may not overlap in time.
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