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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#112-e, it was agreed [1]:

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.
[…]

And in RAN1#105-e, it was agreed [2]:
	Agreement: 
Option 1 is taken in the following agreement:
· Down-select one of the following options (target RAN1#104-e):
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· If cg-RetransmissionTimer-r16 is configured, “CG-UCI based procedures” should also be enabled by X.
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions



Above agreements confirm that when cg-RetransmissionTimer is configured for a configured grant in Rel-17, the UE selects the HARQ process ID for transmissions on this configured grant, includes the CG-UCI in the transmission, and performs autonomous retransmission for failed transmissions, as in R16 NR-U, irrespective of whether lch-basedPrioritization is configured. 
In this contribution, we discuss the resulting lack of gNB-scheduled dynamic retransmission grant, which is crucial for URLLC traffic and propose a solution to enable it.
Discussion
2.1	Issue description
In R16 NR-U, a configured grant (CG) which PDU has been delivered to PHY but which was blocked by LBT is still considered as “transmitted” by MAC, hence is addressed with “retransmission”. Using retransmission forces the UE to reuse the same HARQ process as the initial transmission. But when LBT fails often, it is inconvenient to wait for the next configured grant opportunity (CGO) with same HARQ process, so the UE selects the next compatible CGO, assigns to it the desired HARQ process ID, and signals it to gNB in CG-UCI embedded in CGO PUSCH.
When cg-RetransmissionTimer is not configured or in legacy R15, gNB schedules a retransmission for a given HARQ ID (indicated in the DCI for the retransmission grant), but with above design, the gNB does not receive the CG-UCI when LBT fails, hence cannot schedule an associated retransmission unless the CG configuration is configured with only one HARQ process, which is not the typical case.
Therefore NR-U supports autonomous retransmissions on CG triggered by LBT failure: when a PDU was generated and LBT fails, the HARQ process is considered as “pending” and can only be used for a UE-autonomous retransmission on configured grant.
Observation 1: When cg-RetransmissionTimer is configured for a CG configuration, LBT-failed transmissions on this CG cannot be recovered by gNB-scheduled dynamic grants, but only by autonomous retransmission on a next configured grant opportunity.
Moreover, if LBT succeeds but the transmission fails and the gNB cannot decode the CG-UCI, it cannot schedule a dynamic retransmission grant and a similar mechanism allows the UE to autonomously retransmit the pending PDU on a next compatible CGO, after cg-RetransmissionTimer has expired.
Observation 2: When cg-RetransmissionTimer is configured for a CG configuration, failed transmission on this CG cannot be recovered by gNB-scheduled dynamic grants, but only by autonomous retransmission on a next configured grant opportunity, after cg-RetransmissionTimer has expired.


[bookmark: _Ref74755106]Figure 1: R16 IIOT / NR-U allows / disallows recovering failed transmissions on CG via gNB-scheduled dynamic retransmission grants 
There are two main consequences resulting from the lack of gNB-scheduled retransmissions for LBT-failed or CRC-failed transmissions on CG:
1. Retransmissions are delayed: as shown in Figure 1, for an URLLC traffic with rather large periodicity, the autonomous retransmission has to wait for the next available CGO to take place. It can be argued that more CG configurations can be interleaved, or the CG periodicity can be configured to be aggressively shorter than the traffic period, but this results in quite lot of resource waste, especially for traffic types with short end-to-end latency requirements compared with the traffic period.
2. Initial transmissions are delayed: indeed, if the retransmission can only occur on CGs, considering the retransmissions are prioritized over new transmissions, the initial transmission will be also delayed. 
The above two issues inherited from the R16 NR-U protocol may not have been severe in absence of URLLC traffic, but when both cg-RetransmissionTimer and lch-basedPrioritization are configured in R17, these issues are a concern for properly serving URLLC traffic. It may be argued that, per above RAN2 agreement, “it is assumed that LBT failures only happen infrequently in UCE”, however even one LBT failure can be damageable to URLLC traffic and regular transmission failures will anyways happen.
Observation 3: When cg-RetransmissionTimer is configured for a CG configuration, the resulting lack of gNB-scheduled retransmissions for LBT-failed or CRC-failed transmissions implies that both initial transmissions and retransmissions for this CG can be delayed, compared with legacy IIOT protocol.
As a result, we suggest addressing this issue via a mechanism allowing gNB-scheduled retransmissions for LBT-failed or CRC-failed transmissions on CG.
Proposal 1: A mechanism should allow gNB to schedule dynamic retransmissions for LBT-failed or CRC-failed transmissions on CG configurations serving URLLC traffic when both cg-RetransmissionTimer and lch-basedPrioritization are configured.
2.2	Solution
Clearly, the key difference between NR-U and IIOT comes from the HARQ process ID selection, and the only reason why gNB cannot schedule dynamic retransmission grants for recovering LBT-failed or CRC-failed transmissions on CG is that gNB cannot decode the CG-UCI, hence cannot identify the UE-selected HARQ process ID. However, if gNB assumes a time-based HARQ Process ID selection associated with the failed CGO, there is no longer any issue. Therefore, a possible solution is as follows: gNB indicates retransmission grants for CG in DCI referring to the time-based assigned HP (reused from IIOT). When receiving the retransmission grant, the UE interprets the indicated HP to identify which HARQ buffer gNB refers to. And it can send the correct CG-UCI again in the DG PUSCH. In this solution, UE maintains both UE-selected and time-based HARQ process ID for each CGO and uses the former for its transmissions and the latter for identifying the gNB-scheduled dynamic retransmission grants. See Figure 2.


[bookmark: _Ref61277088]Figure 2: Allowing gNB to provide feedback or schedule a re-transmission grant for a CG PUSCH even if it can’t decode CG-UCI.
Proposal 2: When both cg-RetransmissionTimer and lch-basedPrioritization are configured UE maintains both UE-selected and time-based HARQ Process ID for each CGO and uses the former for its transmissions and the latter for identifying the gNB-scheduled dynamic retransmission grants.
Conclusion
In this document, we propose a solution for enabling gNB-scheduled dynamic retransmission grants for LBT-failed or CRC-failed transmissions on CG configurations serving URLLC traffic when both cg-RetransmissionTimer and lch-basedPrioritization are configured. Resulting observations and proposals are as follows:
Observation 1: When cg-RetransmissionTimer is configured for a CG configuration, LBT-failed transmissions on this CG cannot be recovered by gNB-scheduled dynamic grants, but only by autonomous retransmission on a next configured grant opportunity.
Observation 2: When cg-RetransmissionTimer is configured for a CG configuration, failed transmissions on this CG cannot be recovered by gNB-scheduled dynamic grants, but only by autonomous retransmission on a next configured grant opportunity, after cg-RetransmissionTimer has expired.
Observation 3: When cg-RetransmissionTimer is configured for a CG configuration, the resulting lack of gNB-scheduled retransmissions for LBT-failed or CRC-failed transmissions implies that both initial transmissions and retransmissions for this CG can be delayed, compared with legacy IIOT protocol.
Proposal 1: A mechanism should allow gNB to schedule dynamic retransmissions for LBT-failed or CRC-failed transmissions on CG configurations serving URLLC traffic when both cg-RetransmissionTimer and lch-basedPrioritization are configured.
Proposal 2: When both cg-RetransmissionTimer and lch-basedPrioritization are configured UE maintains both UE-selected and time-based HARQ Process ID for each CGO and uses the former for its transmissions and the latter for identifying the gNB-scheduled dynamic retransmission grants.
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