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Introduction
UL data transmission without grant is supported in NR. And in the previous meetings, the following agreements were made:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point

· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions

· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply

· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.
In this contribution, we present our considerations on the procedure for UL grant-free transmission. 
Resource configuration
It was agreed that for an UL transmission scheme without grant, at least semi-static resource (re-)configuration is supported. And it was also agreed that UL data transmission without grant can be performed after semi-static resource configuration in RRC without L1 signaling. In this case, the semi-static resource configuration includes at least physical resource in time and frequency domain and RS parameters. Resource sharing between multiple UEs should be supported. For the shared resource pool configuration, several options can be considered.
· Option-1: a resource pool with fixed resource allocation and MCS is shared by multiple UEs.
· Option-2: a resource pool with multiple resource allocations and MCSs is shared by multiple UEs, and multiple resource allocations occupy different bandwidths.
· Option-3: a resource pool with multiple resource allocations and MCSs is shared by multiple UEs, and multiple resource allocations share the same bandwidth.


Figure 1: Different options for shared resource pool configuration
For Option-1, only fixed resource allocation is supported. This can simplify the detection complexity at the expense of flexibility. This option is suitable for URLLC UEs with similar payload size. If the payload size of the URLLC UEs varies, Option-1 may not be efficient since the fixed resource allocation should be adapted to the largest payload, which means there will be some resource waste for the UEs with smaller payload. In such case, Option-2 may be more appropriate. In order to further reduce the resource allocation for URLLC UEs, Option-3 may be considered. The difference between Option-3 and Option-2 is whether the different resource allocations share the same bandwidth or not. Although Option-3 seems more efficient, the detection complexity as well as the interference between UEs with different resource allocation should be taken into account. Therefore, Option-2 can achieve good trade-off among flexibility, spectrum efficiency and detection complexity.
In case repetition is configured, the resource allocation for repetition should also be considered. In order to facilitate the resource management, physical resources for UEs with and without repetition should be separately configured. And it is also preferred that the physical resource size in time and frequency domain should keep same for the K repetition.  
Proposal 1: A resource pool with multiple resource allocations and MCSs is shared by multiple UEs.
· The multiple resource allocations occupy different bandwidths

Acknowledgement indication
An Acknowledgement indication may be needed to terminate a repeat transmission if the gNB has successfully received the TB to save UE power and/or to reduce the interference to other UEs. In LTE, a PHICH is designed to carry such information to reduce the DL control overhead. Using an UL grant just to terminate the repetition transmission from the URLLC UE seems to be not efficient from the downlink control overhead point of view. In addition, the detection of an acknowledgement indicator may be simpler than the detection of a control channel, which seems to be more attractive for quick response to URLLC transmission. Therefore, an acknowledgement indication of successfully receiving a TB from gNB should be introduced.
If the acknowledgement indicator is introduced, the following options can be considered.
- Option-1: a LTE PHICH like channel
- Option-2: a (group) common DCI
- Option-3: a sequence based signal
For Option-1, the PHICH defined in LTE can be a starting point. In LTE, the PHICH for a given UE is determined based on the PRB and cyclic shift of the DMRS corresponding to the UE’s PUSCH transmission. Similar design principle can be reused. If the gNB has successfully received a TB, the gNB may obtain the corresponding information about this transmission, such as the UE ID, the resource used for carrying this transmission, the DMRS used for this transmission, etc. Although the physical resources may be shared among multiple URLLC UEs, we assume the DMRS is unique for a given UE in the sharing resource pool. Therefore, even for UL grant-free transmission, if the gNB has successfully received a TB, a unique PHICH can be determined.
If no new physical channel is introduced, the acknowledgement indication can be transmitted using PDCCH. In this case, a common DCI similar to LTE DCI 3A can be used to carry ACK to terminate the repeat transmission.
For Option-3, sequence based signal can be transmitted to inform the UE to terminate the repeat transmission. In this case, signal will only be transmitted when the gNB has successfully received a TB. Then, simple signal detection for the presence or absence is performed at UE side to decide whether to continue the repetitions or not. More details about the sequences based signal design can be FFS. 
Proposal 2: An acknowledgement indicator of successfully receiving a TB from gNB needs to be defined for UL URLLC grant-free transmission. 
UL grant consideration
The grant-free repeat transmission of UL data transmission can also be terminated by an UL grant. It is FFS whether it is possible and how to determine if the grant is for the same TB. A TB can be identified by its HARQ Process Number (HPN) and whether it is a new transmission or not is signalled by a control field named NDI. In current LTE, a toggled NDI mechanism is adopted. If the NDI is toggled, it implies a new transmission. For the grant-free transmission, if the HPN and the initial NDI are known between the gNB and UE, an UL grant including HPN and NDI can be used to trigger a new transmission or retransmission for the UE. For example, the HPN for the grant-free transmission can be determined based on the first transmission slot. Or the HPN can be higher layer configured for UL grant-free transmission. And the initial NDI can be set to a default value known between gNB and UE if NDI is not present for such HARQ process, i.e., the soft buffer for this grant-free HARQ process has not been used before. Adaptive asynchronous UL transmission is agreed for NR. Then an UL grant can be used to trigger a retransmission for the same TB if the NDI is not toggled and the HPN indicated in the UL grant is same as the initial grant-free transmission. 
Another possibility for the UE to determine the grant is for the same TB is based on the reception occasion of the UL grant. For example, if an UL grant is received within a predefined window, the UE may consider the UL grant is for the same TB. Figure-2 gives such an example. In this example, suppose the start time for the repetition is T0, and the repetition is configured with K=6. The predefined window is set as in the figure. Note that the predefined window size can be set considering the processing time and the configured value of K. if the UE receives an UL grant in T1. Because T1 is within the predefined window, the UE may consider the received UL grant is for the same TB as the repetition transmission.
[image: ]
Figure-2: example of the reception occasion of an UL grant
Proposal 3: It is possible to determine if the grant is for the same TB:
· Solution-1:
· The HPN for the grant-free transmission is determined based on the first transmission slot or configured by higher layer
· A default NDI is set for the grant-free transmission if NDI is not present for such HARQ process.
· Solution-2:
· A predefined time window can be used to determine if the grant for the same TB.
Conclusion
In this contribution, some issues relating to the HARQ for grant-free UL URLLC transmission are discussed. In summary, we propose:
Proposal 1: A resource pool with multiple resource allocations and MCSs is shared by multiple UEs.
· The multiple resource allocations occupy different bandwidths
Proposal 2: An acknowledgement indicator of successfully receiving a TB from gNB needs to be defined for UL URLLC grant-free transmission.
Proposal 3: it is possible to determine if the grant is for the same TB
· Solution-1:
· The HPN for the grant-free transmission is determined based on the first transmission slot.
· A default NDI is set for the grant-free transmission if NDI is not present for such HARQ process.
· Solution-2:
· A predefined time window can be used to determine if the grant for the same TB.
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