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1. Introduction 

In RAN #80, a new study item regarding URLLC enhancements was approved [1]. The objectives for URLLC improvement for RAN1 are as follows:

	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)




In this contribution, we provide our views on enhancements for UL grant-free transmission for URLLC, including ensuring K repetitions, handling collision between grant-free and grant-based transmission.

2. Discussion
2.1. K repetitions for UL grant-free
In Rel.15, a UE can be configured with different RV sequences for K repetitions, K > 1. To avoid ambiguity, UE shall start an initial transmission of a TB only at the transmission occasion of the K repetitions that is associated with RV=0. In such case, when RV sequence {0, 2, 3, 1} is configured, UE needs to wait for an available first transmission occasion to start the initial transmission for a TB, even if URLLC packet arrives during the K repetitions. Although transmitting K repetitions is useful to ensure the reliability, additional latency may be introduced for a TB depending on the packet arrival timing.

To meeting the requirement of low latency, a UE can be configured with RV sequence {0, 0, 0, 0} or {0, 3, 0, 3} such that UE can start the initial transmission of a TB at any of the transmission occasions of the K repetitions that are associated with RV=0. However, UE needs to terminate the repetition of a TB at the last transmission occasion within the period P, regardless of the start occasion of the initial transmission. In this case, low latency can be achieved by flexible starting occasion while reliability cannot be guaranteed. For example, a TB starting from the third transmission occasion of period P could only repeat for 2 repetitions when assuming K=4. Therefore, the QoS of transmission on configured grant varies depending on the packet arrival timing, which is not expected for URLLC.

For URLLC traffic, both low latency and high reliability need to be satisfied. Therefore, it is important for a UE to start the transmission for a TB at any transmission occasion and ensure K repetitions regardless of the starting transmission occasion. This means flexible starting occasion for a TB should be supported. Moreover, association between transmission occasion among K repetitions and the configured RV sequence can be removed, i.e. UE may start at any of the transmission occasions of the K repetitions using RV=0 irrespective of RV sequence configuration.
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Figure 1: Example of K repetitions across period P and removal of timing to HARQ process ID
On the other hand, K repetitions should be ensured. Therefore, the K repetitions across the boundary of transmission bundle within the period P should be supported. In Rel.15, HARQ process ID is determined based on the timing of transmission occasion, i.e. HARQ process ID is associated with the bundle within period P. In such case, HARQ process IDs for two neighboring transmission bundle in different periods are different. However, if K repetitions across the boundary of transmission bundle within the period P is adopted, removal of dependence HARQ process information to the timing is necessary. An example is show in Figure 1, where K = 4. A packet arrives during K repetitions and the initial transmission of that packet can take place right after the packet arrival. Although there could be no enough transmission occasions within the first period, K repetitions can be extended to the transmission occasions in the next period. The HARQ process of the K repetition should be kept the same.
Proposal 1: For UL grant-free transmission for URLLC, K repetitions across the boundary of transmission bundle within the period P should be supported.
HARQ ID can be determined and selected by UE and be transmitted via control information, e.g. UCI, which is separately encoded from data. Therefore, gNB can decode the UCI and acquire HARQ ID before decode the data part. In such case, UE starts an initial transmission and transmits UCI multiplexing on PUSCH to convey the HARQ ID selected for PUSCH. Thus, flexible starting occasion and K repetitions can be ensured simultaneously. Besides, the RV information can be also transmitted via UCI to avoid blind decoding for data at gNB side. 
Proposal 2: HARQ ID is determined by UE and grant-free UCI including HARQ ID is transmitted together with data.

Due to flexible starting occasion, it may be difficult for gNB to identify the initial transmission of K repetitions. Especially when part of the K repetitions could be missed at gNB side, gNB may not be aware that which repetitions need to be combined. Therefore, indication of initial transmission and repetitions could be useful. NDI is used to differentiate initial transmission and retransmission for dynamic grant. Similarly, NDI can be used for grant-free transmission and indicated via UCI such that gNB can identify the initial transmission of K repetitions from UCI.
Proposal 3: For K repetitions, NDI is included in grant-free UCI to differentiate initial transmission and repetitions.

UE can be configured with RV sequences for K repetitions. In Rel. 15, RV is associated with the transmission occasions within period. Thus, gNB can identify RV from the transmission occasion where UL data are transmitted. As discussed above, flexible starting occasion is needed for URLLC. Therefore, it is not necessary to associate RV sequences with transmission occasion any more. There may be issue that gNB may need to blindly detect the UL data if RV information is not acquired at gNB. To reduce the detection complexity, RV can be indicated by UCI. 
Proposal 4: For K repetitions, RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.

As discussed, UCI is beneficial for grant-free transmission. Either puncturing or rate-matching can be used for UCI mapping on PUSCH. Considering the payload of UCI, rate-matching with PUSCH is preferred. When K repetitions are adopted, UCI needs to be mapped to each repetition. Since gNB needs to combine the K repetitions, the code rate of K repetitions should be kept the same. 
Proposal 5: For K repetitions, UCI is multiplexed onto each repetition.

2.2. Handling collision between grant-free and grant-based transmissions 

A UL transmission scheduled by UL grant may overlap in time with a grant-free resource on which UE intend to transmit URLLC UL. An examples is shown in the figure. Grant-free resources are configured for URLLC transmission to satisfy the latency and reliability requirements. After UL grant is received, a URLLC packet arrives. In this case, the UE behavior for handling the collision of dynamic grant scheduling and grant-free transmission should be defined. 
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Figure 2: Example of overlapping in time between scheduling-based UL and grant-free UL
In Rel.15, RAN2 made the agreement that the dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain. According to the agreements, UE has to transmit the URLLC UL on the scheduled resources or postpone the URLLC UL to the next grant-free transmission occasion. If URLLC UL is transmitted on the scheduled UL resources, it may result in lower reliability for URLLC transmission since the scheduled UL resource may not be suitable for URLLC UL. If URLLC UL is postponed to the next grant-free transmission occasion, larger latency for URLLC transmission will be caused. Therefore, it is important to introduce mechanism to prioritize grant-free resource for URLLC transmission. 

In case of overlapping between grant-based transmission and grant-free transmission, UE transmits URLLC UL on grant-free resource when the grant-free resource has higher priority than the dynamic scheduled UL resource. To be more specific, the priority of grant-free resource and grant-based resource can be determined by the LCP, MCS table, or UL grant associated with grant-free resource and grant-based resource. 

When LCP is used, the priority is determined based on the association between LCP in MAC layer and the grant-free resource and grant-based resource in PHY layer. E.g. a LCP with mini-slot transmission duration and higher SCS for grant-free resources has higher priority than a LCP with slot-based transmission duration and lower SCS for grant-based resources.

The priority can also be determined based on the PHY configuration or signaling. One alternative is based on the MCS table associated with grant-free transmission and grant-based transmission. In Rel.15, a new MCS table with lower MCS was introduced for 10-5 BLER target, which is used for URLLC transmission. In such case, if the new MCS table is configured for grant-free resource while grant-based resource is scheduled without using the new MCS table, UE can prioritize URLLC transmission on grant-free resources. Another alternative is based on the dynamic grant scheduling the grant-based resources. E.g. if compact DCI format is supported for URLLC, UE prioritizes grant-based resource for URLLC UL when grant-based resource is scheduled by compact DCI, otherwise UE prioritizes grant-free resource for URLLC UL.
Proposal 6: UE prioritizes URLLC UL in grant-free resource over grant-based resource, in case that grant-free resource has higher priority than grant-based resource.
· The priority can be determined by the signalling or configuration in PHY layer or LCP in MAC layer.

3. Conclusion

In this contribution, we provide our views on enhancements of UL grant-free transmission to meet the latency and reliability requirements of URLLC. The proposals are summarized below.
Proposal 1: For UL grant-free transmission for URLLC, K repetitions across the boundary of transmission bundle within the period P should be supported.
Proposal 2: HARQ ID is determined by UE and grant-free UCI including HARQ ID is transmitted together with data.

Proposal 3: For K repetitions, NDI is included in grant-free UCI to differentiate initial transmission and 
repetitions.

Proposal 4: For K repetitions, RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.

Proposal 5: For K repetitions, UCI is multiplexed onto each repetition.

Proposal 6: UE prioritizes URLLC UL in grant-free resource over grant-based resource, in case that grant-free resource has higher priority than grant-based resource.
· The priority can be determined by the signalling or configuration in PHY layer or LCP in MAC layer.
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