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Introduction
In RAN1#88bis, RAN1#88, RAN1-NR and RAN1#87 meetings, following agreements were made [1-4]:
	Agreements:
· 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
Agreements:
· At least for slot, the location of front-loaded DL DMRS is fixed regardless of the first symbol location of PDSCH
· FFS: Mini-slot case
· Support ZC-sequence for UL DFT-S-OFDM DMRS
Agreements:
· 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
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
Agreements:
· 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


In this contribution, we provide our views on the design of UL transmission without grant. Especially, we focus on UE/TB detection, power control and synchronization method for grant-free uplink transmission. In addition, we also discuss UL grant for retransmission of UL transmission without grant and configuration of number of repetition.


UE detection in UL transmission without grant
Considering resource efficiency and sporadic URLLC traffic, it can be considered that multiple UEs transmitting UL transmission without grant share the same time-and-frequency resources. In this case, it would be desirable to design how to distinguish UEs collided in the same time-and-frequency resources for potential scheduling of UL grant for retransmissions. For simplicity, UEs sharing the same time-and-frequency resources can be configured with different RS parameters such as root index and/or cyclic shift. In this case, it would be important to design RS sequence with a consideration of UE detection performance. According to our companion contribution [5], ZC-sequence that is agreed to be used for at least DFT-s-OFDM waveform could guarantees acceptable detection performance across a variety of scenarios in terms of arrival rate of UL transmission without grant, power variations, and TA variations. Meanwhile, CP-OFDM will support at least PN-sequence. Depending on the feasibility of UE identification using PN-sequence, it is necessary to carefully investigate whether or how to support UL transmission without grant when CP-OFDM is used. Alternatively, it can be considered to design RS sequence for CP-OFDM considering UE identification performance for UL transmission without grant. For simplicity, FDM or CDM between multiple PN-sequences can be considered. 
Proposal 1: For UE detection of UL transmission without grant, a resource configuration including time/frequency resources and RS parameters is a baseline for distinguishing different UEs transmitting UL data transmissions without UL grant
Proposal 2: Further investigation seems necessary whether or how to support UL transmission without grant when CP-OFDM is used considering RS design. 
Alternatively, UE-specific data scrambling and/or CRC masking may be used to identify UE instead of mapping UE-ID to time/frequency and RS resource. This approach however allows UE detection only when gNB has successfully decoded data. Thus, it would not effectively handle UE-ID mapping for grant-based retransmission corresponding to grant-free transmission. One approach to mitigate this is to trigger retransmission to all possible UEs sharing the same resource, which can be very inefficient. This approach, however, can be used along with mapping UE-ID to time/frequency and RS resource to ensure the transmission from the specific UE.  
Uplink power control method for grant-free transmission
Considering that multiple UEs share a same time/frequency resource, the power control on multiplexed transmission can be important in terms of UE detection. Firstly, it can be considered to support TPC commands like DCI format 3/3A in LTE system. In that case, UE-specific DCI and/or group-common DCI can be used for dynamic power control. Meanwhile, considering URLLC application whose packet will arrive sporadically, overhead of PDCCH and UL reference resource for power control can be relatively large. Regarding this point of view, dynamic power control for UL data transmission without grant would not be preferred. Alternatively, the open-loop power control including power ramping can be considered for UL transmission without grant similar to PRACH. For instance, UE can increase UL TX power of UL data transmission without UL grant until UE receives UL grant from gNB.
Proposal 3: It is necessary to investigate a power control method for UL transmission without grant considering control overhead.
Uplink synchronization method for grant-free transmission
In perspective of UE detection using DM-RS, timing offset drifting has an undesirable effect on orthogonality of RS sequence. In legacy LTE system, the network can track an uplink timing of a UE from its UL transmission and send TA command for uplink synchronization. For simplicity, even if a UE using UL transmission without grant, a same uplink synchronization method like LTE can be used regardless of grant-based or grant-free. In this case, periodic/aperiodic uplink signal may be needed such as SRS. However, additional reference signal can lead considerable overhead, particularly for infrequent transmission. Considering performance impact from inaccurate TA and overhead, further investigation on uplink synchronization is necessary. 
Proposal 4: It is necessary to investigate on how to minimize control overhead of uplink synchronization for UL transmission without grant.
Retransmission UL grant for Initial TX with grant-free
As discussed earlier, our view on TB detection is via mapping UE-ID to time/frequency and RS resource. If this is assumed, we consider that UL grant for retransmission for initial TX with grant-free can be basically similar to regular UL grant. At least not to increase blind decoding overhead, the size of DCI for both cases is assumed to be the same. The detailed parameters including RNTI used for UL grant need further discussion depending on the procedure. 
Proposal 5: For retransmission grant for UL transmission without grant, at least bit size of UL grant is assumed to be the same as that of regular UL grant.
One remaining issue in UL grant design is how to handle HARQ process number between grant-free procedure and grant-based procedure. A mechanism to map HARQ process ID of grant-free transmission to UL grant. There are two approaches considered. First approach is to share HARQ processes between two procedures and DCI indicates whether the HARQ process is for initial TX based on either grant-free or grant-based. As grant-free transmission may not transmit NDI, without explicit indication, a UE may not be able to differentiate between initial TX based on grant-based on HARQ process ID K and retransmission grant for grant-free transmission with HARQ process ID K. Another approach is to separate a gNB can assign separated HARQ process IDs for grant-free and grant-based to a UE. Alternatively, UL grant can be scrambled with different RNTI depending on retransmission corresponding to grant-free initial TX or regular UL grant. When the UE receives UL grant on PDCCH, the UE can apply different interpretation according to CRC scrambled with different IDs. 
Proposal 6: For UE using UL transmission without grant, gNB can use different CRC mask sequences for a UE to distinguish whether UL grant is for UL retransmission without grant or regular UL grant. 
Proposal 7: It is necessary to investigate whether or not to share HARQ process between grant-free and grant-based UL transmission.
Considering control overhead, it is not preferred to always reserve resources for HARQ-ACK feedback like PHICH-like channel. Specifically, when packet arrival rate is infrequent, resource reservation would be inefficient. In case of NACK state, UL grant scheduling retransmission for the same UE and TB can be used. Meanwhile, UL grant scheduling new data for the same UE can be used to indicate ACK. If UL skipping can be applied to UL data transmission with UL grant, UE does not need to transmit UL channel if it does not UL data to be transmitted. In case, HARQ-ACK feedback can be mapped with its associated UL data transmission without UL grant in a similar manner of the mapping rule between UL data transmission without and with UL grant. In some case, such as ACK-based termination of repetition, gNB may need to send a HARQ-ACK without resource allocation. In that case, we can define a combination of parameters in UL grant as no resource allocation.
Proposal 8: For HARQ-ACK transmission of UL transmission without grant, UE-specific UL grant can be treated as HARQ-ACK feedback of UL transmission without grant.
Configuration of the number of repetitions
According to the previous agreement, both of uplink with/without grant transmission support repetitions for the same transport block. First of all, we have to configure the number of repetition K for this operation. In order to configure K, semi-static configuration for the uplink without grant can be considered for simplicity. On the other hand, since gNB can consider channel status of a UE in uplink with grant, it would be beneficial to configure the number of repetition dynamically in terms of resource efficiency.
Proposal 9: For the UL transmission without grant, a semi static configuration of the number of repetition K can be considered.
Proposal 10: For the UL transmission with grant, a dynamic configuration of the number of repetition K can be considered.
Conclusion
In this contribution, we discuss on UL transmission without grant for URLLC. Our proposals are as follows:
Proposal 1: For UE detection of UL transmission without grant, a resource configuration including time/frequency resources and RS parameters is a baseline for distinguishing different UEs transmitting UL data transmissions without UL grant
Proposal 2: Further investigation seems necessary whether or how to support UL transmission without grant when CP-OFDM is used considering RS design. 
Proposal 3: It is necessary to investigate a power control method for UL transmission without grant considering control overhead.
Proposal 4: It is necessary to investigate on how to minimize control overhead of uplink synchronization for UL transmission without grant.
Proposal 5: For retransmission grant for UL transmission without grant, at least bit size of UL grant is assumed to be the same as that of regular UL grant.
Proposal 6: For UE using UL transmission without grant, gNB can use different CRC mask sequences for a UE to distinguish whether UL grant is for UL retransmission without grant or regular UL grant. 
Proposal 7: It is necessary to investigate whether or not to share HARQ process between grant-free and grant-based UL transmission.
Proposal 8: For HARQ-ACK transmission of UL transmission without grant, UE-specific UL grant can be treated as HARQ-ACK feedback of UL transmission without grant.
Proposal 9: For the UL transmission without grant, a semi static configuration of the number of repetition K can be considered.
Proposal 10: For the UL transmission with grant, a dynamic configuration of the number of repetition K can be considered.
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