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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN2#113-e meeting, the following agreements were reached from RAN2 perspective for unlicensed URLLC/IIoT in Rel-17:

RAN2#113e Agreements:
1. LCH based prioritization and cg-RetransmissionTimer can be configured together in Rel-17 (consensus)
2. Option 1: AutoTx and CGRT are responsible for deprioritized MAC PDU and LBT-failed MAC PDU, respectively.  If CGRT is not configured, LBT-failed MAC PDU is not retransmitted. If AutoTx is not configured, deprioritized MAC PDU is not retransmitted.
3. The MAC entity stops cg-RetransmissionTimer when the CG resource associated with the timer is deprioritized due to LCH-based prioritization.
4. FFS With cg-RetransmissionTimer and LCH-based prioritization configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) -or to be multiplexed
5. LBT failure is not considered when determining a grant priority for intra-UE prioritization (17/22)
6. Configuring a subset of HARQ processes as “restricted processes” for transmission of data from higher priority LCHs is not supported (18/22)
7. Enhancements for handling conflicting DG-CG transmissions of the same HARQ process are not supported (18/22)

In addition, the following options were discussed for CG selection and the relevant proposal has been noted:
Option 1 - Restrict that the configured grant used for autonomous (re)transmission to be from the same CG configuration used initially, e.g. when LCG-based prioritization is configured.
Option 2 - LCH restriction is considered when selecting a configured grant for autonomous (re)transmission from a different CG configuration (consider all restrictions, including allowedCG-List).
[bookmark: _Hlk63077038]Option 3 – No enhancement needed, e.g. rely on the network to configure HARQ sharing for CG configurations that can meet the same type of services.
Proposal 7: With cg-RetransmissionTimer configured, no enhancement is needed for CG selection for autonomous re-transmissions, i.e. rely on the network to configure HARQ sharing for CG configurations that can meet the same type of services.

In this contribution, we discuss some remaining issues of uplink enhancements for unlicensed URLLC/IIoT in Rel-17, more specifically the above open issues highlighted with yellow colour.

2. Uplink enhancements for unlicensed IIoT/URLLC
Prioritization between a retransmission and a new transmission: 
From RAN2#113-e meeting, an open issue is “With cg-RetransmissionTimer and LCH-based prioritization configured, the MAC entity can prioritize between initial transmissions and retransmissions on a CG based on priority of multiplexed LCH(s) -or to be multiplexed”.
[bookmark: _Hlk23499210][bookmark: _Hlk23787129]For NR-U in Rel-16, a retransmission due to LBT failure is always prioritised over a new initial transmission in unlicensed spectrum (see TS 38.321, section 5.4.1 where it says “For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions”). This existing behaviour in NR-U will add extra latency to any newly arriving URLLC service.
For unlicensed URLLC/IIoT in Rel-17, when cg-RetransmissionTimer is configured, NR-U procedures are followed as agreed by RAN2 in the last meeting. Therefore, for the case of colliding of a retransmission and a new transmission, it is necessary to prioritise the transmission with low latency (e.g. URLLC) in order to meet the latency requirement. In other words, a low priority re-transmission should not prevent another new transmission with high priority. Hence, when cg-RetransmissionTimer is configured, based on LCH- prioritisation, a new transmission with high priority should be prioritized over a retransmission with low priority, for unlicensed URLLC/IIoT in Rel-17. This relates only the prioritization between different logical channels regardless whether the available resource is a single CG resource or at least two CG resources overlapping in time. The consequence is that the high priority logical channel of a new transmission will override and take over the available HARQ process (i.e. the HARQ process for the retransmission) if no other HARQ process is available. In this case, the UE will report the HARQ process ID, RV and NDI in the CG-UCI so that the network can differentiate between new transmissions and retransmissions of the same HARQ process ID. Note that as mentioned earlier from the legacy Rel-16 spec, the UE toggles the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions for the same HARQ process ID.
Proposal 1: When cg-RetransmissionTimer is configured, based on LCH-prioritisation, a new transmission with high priority should be prioritized over a retransmission with low priority for unlicensed URLLC/IIoT in Rel-17.

CG selection for autonomous transmissions when cg-RetransmissionTimer is configured:
In the last meeting, the following options were discussed by email for CG selection for both initial and retransmissions, but no conclusion was made:
Option 1 - Restrict that the configured grant used for autonomous (re)transmission to be from the same CG configuration used initially, e.g. when LCG-based prioritization is configured.
Option 2 - LCH restriction is considered when selecting a configured grant for autonomous (re)transmission from a different CG configuration (consider all restrictions, including allowedCG-List).
Option 3 – No enhancement needed, e.g. rely on the network to configure HARQ sharing for CG configurations that can meet the same type of services.
The drawback of Option 1 is that it lacks the flexibility of UE making the CG selection as provided by Rel-16 NR-U feature. In addition, there is a delay for the retransmission as UE waits the next occasion of the same CG resource. Option 3 does not propose any enhancements and ambiguously leaves the issue for the network implementation which is not reasonable as the issue of CG selection is on the UE side.
For option 2, Rel-16 IIoT feature specified a mechanism to enhance the availability, reliability and latency of a potential resource used by a service. LCH mapping restriction scheme was introduced where a logical channel is associated to one or more CG resources (i.e. CG indexes), as employed by the configurable parameter of allowedCG-List. We think this is also beneficial when cg-RetransmissionTimer is configured for unlicensed URLLC/IIoT. 
For option 2, there are two levels of independent selections: first a CG index is selected from a set of allowable CG resource indexes (i.e. allowedCG-List) for both initial and retransmissions. Secondly an HARQ process is taken from a pool of shared HARQ processes. 
For initial transmission, it is straight forward a UE to make autonomous selection of both CG index and HARQ process number. For retransmissions, the CG index does not necessarily mean that it must be the same index as the one used for initial transmission, i.e. it can be selected from the set of allowable CG resource indexes as long as the selection satisfies restrictions defined by the parameter of allowedCG-List. Moreover, the HARQ process number used for the selected CG index for the retransmission must be the same as the HARQ process number used for the initial transmission in order a network to able to combine the initial and subsequent retransmissions. The network can identify the HARQ process number via CG-UCI embedded in the CG-PUSCH and decide whether to combine the retransmission with the previous transmission(s) of the same HARQ process number. This means that if the network cannot decode CG-UCI from the UE, the network cannot combine the transmissions. However, the CG-UCI is assumed to be very reliable for each transmission.
Proposal 2: When cg-RetransmissionTimer is configured, LCH mapping restriction should be supported for unlicensed URLLC/IIoT in Rel-17, where a logical channel can only be mapped to a certain number of allowable configured grants by employing the parameter of allowedCG-List.

3. Conclusion
In this contribution, we have discussed some remaining issues of uplink enhancements for unlicensed URLLC/IIoT in Rel-17 and we have the following proposals.
Proposal 1: When cg-RetransmissionTimer is configured, based on LCH-prioritisation, a new transmission with high priority should be prioritized over a retransmission with low priority for unlicensed URLLC/IIoT in Rel-17.
Proposal 2: When cg-RetransmissionTimer is configured, LCH mapping restriction should be supported for unlicensed URLLC/IIoT in Rel-17, where a logical channel can only be mapped to a certain number of allowable configured grants by employing the parameter of allowedCG-List.
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