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[bookmark: _Ref528914887]Introduction

In RAN1#95 [1], the following was agreed for the UL configured grant :
Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
Agreement:
· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 
Agreements:
· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant
· Study how to resolve gNB’s missed detection if it is an issue 
· Study should take at least following into account:
· Companies report the false alarm target 
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered

In RAN1 Ad-Hoc 1901 [2], the enhanced UL grant-free transmission was further discussed and the following agreements/observations related to for URLLC were made:
Observations:
· PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
· If a configured grant PUSCH resource is not shared by multiple UEs, 
· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).
Agreements:
· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated
Observation:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 
In this contribution, we provide our views on the enhanced UL configured grants transmissions for URLLC.
Explicit HARQ-ACK feedback
In RAN1 Ad-Hoc 1901 [2], the necessity of explicit HARQ-ACK feedback was discussed. Based on the evaluation results of gNB miss detection performance, it was observed that PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting. One key observation was that if the reliability requirement is to be met by a single transmission, PUSCH miss detection probability is always lower than the PUSCH target BLER and therefore the miss detection is not an issue [4].
However, it was also observed that if a configured grant PUSCH resource is shared by multiple UEs in a cell, or there is strong intra/inter-cell interference, then PUSCH miss detection performance significantly degrades due to the DMRS collision especially in highly frequency selective channels [4]. Given that the URLLC uses cases in most scenarios require assigning the same PUSCH resources to multiple UEs, we still believe it is beneficial to introduce the explicit HARQ-ACK feedback mechanism to guarantee a robust performance for various URLLC setups. The explicit HARQ-ACK feedback mechanism could be configurable and in case the gNB determines that the overloading factor for PUSCH resources is high, the gNB could configure the UE to monitor for the explicit HARQ-ACH feedback. 
Proposal 1: A configurable explicit HARQ-ACK feedback mechanism should be supported in Rel-16.
In case of agreement on supporting explicit HARQ-ACK for configured grant for UL, three different options may be considered for transmitting the explicit HARQ-ACK feedback:
· Option 1: UE-specific DCI
· Option 2: group-common DCI
· Option 3: Sequence-based ACK
Among these three options, we believe the group common DCI for signaling of the explicit HARQ-ACK feedback provides a good trade-off between the PDCCH overhead associated with the UE-specific DCI and the relatively high specification impact associated with the sequence-based ACK. Option 2 relies on the joint coding of the ACK/NACK feedbacks for multiple users which are then transmitted using a group common DCI on PDCCH. A similar approach has been already adopted in NR for signaling a group of TPC commands for PUCCH or PUSCH transmission by a group of UEs on DCI format 2_2 or for the transmission of a group of TPC commands for SRS transmissions by one or more UEs on DCI format 2_3. The main advantage of this option compared to Option 1 is its capability to avoid the undesirable overhead on control channel by allowing ACK/NACK feedback for multiple users to be transmitted on a single PDCCH resource.
Proposal 2: A mechanism based on group-common DCI should be introduced for explicit indication of the HARQ-ACK feedback for configured UL grant.
Ensuring K repetitions 
Another aspect of configured grant in NR is K-repetition feature, where the UE repeats the TB across the K consecutive slots applying the same symbol allocation in each slot with redundancy versions taken from a pre-configured redundancy version pattern. The K-repetition transmission helps to enhance reliability, and if the gNB decodes the TB in the middle of the K transmissions it can inform the UE to stop transmitting the remaining of the K-repetition sequence by transmitting an UL grant.
One of the limitations of the NR K repetitions in NR is that for any RV sequence, the repetitions shall be terminated at the last transmission occasion among the K repetitions within the period P regardless of the starting occasion of the initial transmission (P is an allowed periodicity configured by higher layer and depends on the configured subcarrier spacing for UL transmission without UL grant). The reason for this restriction is that each period P could potentially have a different HARQ process ID and accordingly if the K repetitions crosses the two different periods then there will be an ambiguity between the gNB and the UE for determination of the HARQ process ID.
[bookmark: _Hlk525824522]Given that Rel-16 has envisioned higher reliability requirements (up to 1E-6 level), it is essential to make sure that NR adopts a mechanism to ensure K repetitions can be completed by the URLLC UE for UL transmission without grant by allowing the repetitions across multiple periods. One simple solution could be to introduce a similar mechanism as in FeLAA where the UCI associated with the UL data (e.g., HARQ ID, RV, etc.) is transmitted along with the UL-SCH in the UL configured grant. The Rel-15 NR already supports the UCI reporting in PUSCH where when a UE has a PUSCH transmission that overlaps with a PUCCH transmission that includes HARQ-ACK information and/or semi-persistent/periodic CSI, the UE multiplexes the HARQ-ACK information and/or the semi-persistent/periodic CSI in the PUSCH. In Rel-16, NR may extend this approach to support the transmission of the UCI associated with the UL-SCH together with the UL-SCH in the UL configured grant for PUSCH transmission.
Proposal 3: NR should adopt a mechanism to ensure K repetitions can be completed by the URLLC UE for UL transmission without grant in Rel-16 by allowing the repetitions across multiple periods.
Proposal 4: NR should support the transmission of at least HARQ ID as a UCI multiplexed on the PUSCH for the UL configured grant in Rel-16.
Mini-slot repetition & 2-segment transmission
 
In RAN1 Ad-Hoc 1901, the offline consensus was that mini-slot repetitions and 2-segment transmission should consider both grant based PUSCH and configured grant PUSCH under PUSCH enhancements agenda.

Summary

In this contribution, we discussed our views on the possible enhancements for UL configured grants transmissions for URLLC. We have the following proposals:
[bookmark: _GoBack]Proposal 1: A configurable explicit HARQ-ACK feedback mechanism should be supported in Rel-16
Proposal 2: A mechanism based on group-common DCI should be introduced for explicit indication of the HARQ-ACK feedback for configured UL grant.
Proposal 3: NR should adopt a mechanism to ensure K repetitions can be completed by the URLLC UE for UL transmission without grant in Rel-16 by allowing the repetitions across multiple periods.
Proposal 4: NR should support the transmission of at least HARQ ID as a UCI multiplexed on the PUSCH for the UL configured grant in Rel-16.
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